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PREFACE  TO  THE  NINTH  EDITION. 

In  this,  as  in  former  editions  of  this  work,  it  is  aimed,  first,  to  give 
to  students  and  practitioners  of  medicine  the  knowledge  necessary  for 
the  making  of  autopsies,  the  preservation  of  tissues  and  their  prepara- 

tion for  microscopic  examination;  second,  to  consider  the  characters 
of  the  general  processes  which  underlie  the  various  manifestations  of  dis- 

ease; third,  to  set  forth  the  nature  of  infection  and  immunity,  and  to  de- 
scribe concisely,  with  such  illustrations  as  seem  necessary,  the  lesions  of 

the  acute  infectious  diseases  and,  so  far  as  they  are  known,  the  micro- 
organisms inciting  them,  the  various  phases  of  degeneration  and  inflam- 

mation, the  characters  of  tumors,  and  the  lesions  of  the  general  diseases, 
of  poisoning,  and  of  violent  deaths;  and,  finally,  to  describe  briefly  the 
special  lesions  of  different  tissues  and  organs  of  the  body. 

In  this  edition,  the  section  devoted  to  general  pathology  has  been  re- 
written and  expanded,  and  various  phases  of  pathological  physiology  have 

received  more  attention  than  formerly.  Also,  in  this,  still  more  than  in 
the  last  editions,  stress  has  been  laid  upon  the  relationships  of  pathology 
to  the  allied  phases  of  biological  science,  and,  where  it  might  be  done 
without  hazard  to  the  more  urgent  practical  aims  of  the  work,  disease 
has  been  considered  as  an  adaptive  process,  and  pathology  viewed  as  one 
aspect  of  the  diverse  manifestations  of  life  and  energy,  rather  than 
as  belonging  to  a  special  and  exclusively  human  domain. 

Dr.  Delafield  no  longer  shares  in  the  preparation  of  the  work:  so 
that  the  writer,  deprived  of  the  wise  counsel  and  large  experience  of 
the  senior  author,  is  alone  responsible  for  such  alterations  and  additions 
as  have  been  made  in  this  as  in  the  last  three  revisions. 

The  great  and  rapid  accumulation  of  data  in  the  wide  field  which 
this  book  covers  has  made  necessary  the  exclusion  in  large  measure 
of  those  phases  of  clinical  diagnosis  and  practical  bacteriology  which  are 
now  more  adequately  covered  in  special  and  in  larger  treatises.  The 
limitations  of  the  book  have  made  it  necessary  also  to  omit  the  con- 

sideration of  many  suggestive  facts  and  recent  alluring  speculations 
bearing  upon  various  aspects  of  pathological  physiology,  the  significance 
and  value  of  which  are  not  yet  adequately  determined. 

The  book  has  been  largely  revised.  A  few  of  the  older  illustrations 
have  been  discarded,  while  over  forty  new  ones  have  been  added. 

The  references  in  foot-notes  have  been  revised  and  considerably 
increased,  the  intention  in  these  has  been  in  part  to  indicate  special 
studies  or  reviews  relating  to  the  theme  under  consideration;  but  more 
particularly  to  point  out  here  and  there  publications  in  which  a  fuller 

•  •  • ni 
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bibliography  may  be  found  than  is  consistent  with  the  scope  and  limi- 
tations of  this  work. 

The  chapter  on  the  Blood  and  the  Blood-forming  Organs  and  the 
chapter  on  Tumors  have  been  rewTitten,  and  the  section  on  Malaria 
revised,  by  Professor  Francis  Carter  Wood.  My  obligation  to  Professor 
Wood  is  very  great,  not  only  for  the  revisions  of  the  text  indicated, 
but  for  many  helpful  suggestions  embodied  throughout  the  work  and 
for  counsel  and  aid  without  which  the  preparation  of  this  edition 
would  have  been  impracticable. 

For  assistance  in  the  preparation  of  material  brought  forward  from 
the  last  edition  I  wish  to  express  my  continuing  indebtedness  to  Drs. 
F.  R.  Bailey,  Edward  Leaming,  and  W.  C.  Clarke,  and  to  Professors 
F.  C.  Wood,  Philip  Hanson  Hiss,  John  H.  Larkin,  and  Augustus  B. 
Wads  worth. 

To  Professors  Hiss,  Wadsworth,  Zinnser,  and  Wright,  and  to  Drs. 

Flexner,  Noguchi,  and  Terry  I  am  indebted  for  the  privilege  of  repro- 
ducing photographs  and  for  many  helpful  suggestions. 

I  wish,  finally,  to  record  my  appreciation  of  the  skilful  service  and 
invaluable  cooperation  of  Miss.  S.  M.  Wood  in  the  final  preparation  for 
the  press  of  the  material  for  this  edition,  in  correcting  the  proof,  and  in 
indexing  the  work. 

T.  MITCHKLL  PRUDDEX 
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INTRODUCTION. 

The  successful  pursuit  of  pathology — the  science  which  treats  of 

disease — depends  largely  upon  the  clearness  and  accuracy  of  the  student's 
knowledge  of  normal  anatomy  and  normal  physiology.  The  possession 
of  such  knowledge  by  the  reader  is  necessarily  assumed  in  this  epitomized 
presentation  of  a  large  and  rapidly  extending  field  of  observation  and 
research. 

The  Nature  of  the  Living  Body. — Leaving  aside  as  not  indispensable, 
and  at  present  not  attainable,  an  accurate  definition  of  life,  it  is  impor- 

tant constantly  to  realize  that  the  normal  living  body  is  a  complex 
and  delicate  mechanism  incapable  of  creating  new  forces,  but  able,  by 
means  of  its  cellular  and  molecular  organization,  to  accumulate  or  store 
energy  derived  from  without,  releasing  this  under  fixed  and  definite 
conditions.  This  storing  of  energy  is  possible  by  means  of  the  capacity  of 
living  body-cells  to  build  up  complex  molecular  combinations.  These, 
owing  to  their  instability,  may  be  readily  resolved  into  less  complex  and 
more  stable  combinations  with  the  release  of  the  stored-up  energy. 
This  it  is  which  makes  possible  all  expression  of  life. 

The  Chemistry  of  Life. — The  complex  molecular  combinations  through 
which  energy  is  stored  and  released  by  cells  during  the  processes  of  life 
are  especially  characterized  by  their  content  of  carbon,  nitrogen,  hydrogen, 
oxygen,  and  sulphur.  Iron  and  phosphorus  are  found  in  some  of  them 
while  numerous  other  elementary  substances  often  share  in  their  composi- 

tion. Such  molecular  combinations  are  called  proteins.  There  is  reason 
to  believe  that  the  proteid  molecule  is  of  great  size  and  complexity,  that 
during  life  it  is  capable  of  entering  upon  an  exceedingly  great  variety  of 
combinations  and  readjustments  of  its  structure  conditioned  upon  heredity 
and  environment. 

While  the  chemist  in  his  researches  deals  largely  with  dead  protein,  it 
has  been  found  convenient  by  certain  writers  to  embody  a  conception 
of  the  living  proteid  molecule  in  the  terms  biophore  or  biogen. 

It  is  inevitable  that  the  proteins  and  their  performances  while  sharing 
in  the  processes  of  life,  and  the  various  influences  which  determine  these 
performances,  should  fix  the  storm  centre  of  research  into  the  nature  of 
life  and  offer  the  highest  promise  of  light  upon  the  ultimate  and  funda- 

mental problems  of  biology.  But  we  must  be  patient  and  not  too  eager 
to  carry  the  formulae  and  the  working  hypotheses  of  the  chemists,  with- 

out due  reserve,  over  into  the  domain  of  living  things,  whose  story  and 
performances,  and  limitations  we  are  only  just  beginning  to  spell  out. 

The  details  of  the  chemistry  of  the  life  processes,  so  far  as  they  are 
known,  and  their  relationship  to  protein  substances  and  protein  metab- 

3 



4  INTRODUCTION 

olism  in  general,  to  ferments  and  to  enzymes,  and  a  consideration  of  the 
successes,  the  hopes,  and  the  dreams  of  the  chemists  within  this  borderland 
of  living  matter,  belong  in  those  studies  in  physiological  chemistry  and 
chemical  physiology  which  naturally  precede  the  consideration  of  the 
problems  of  pathology,  and  should  be  sought  in  special  treatises. 

The  Characters  of  Disease. — Many  of  the  earlier  views  concerning  life 
and  death  and  health  and  disease,  which  have  long  since  given  way  to 

more  accurate  conceptions,  still  hold  a  certain  sway  among  the  thought- 
less, perpetuated  by  traditional  forms  of  speech.  One  of  these  is  that 

disease  is  an  entity,  something  foreign  to  the  body  which  may  enter  from 
without,  and  with  which  the  body  may  struggle  and  fight,  which  it  may 
conquer  or  to  whose  ravages  it  may  succumb.  It  will  be  wise  for  the 
student  constantly  to  remember  that  disease  is  not  a  thing,  but  a  process. 
It  is  an  abnormal  performance  of  certain  of  the  functions  of  the  body. 

This  may  or  may  not  be  associated  wdth  appreciable  morphological  altera- 
tions of  the  body  structure.  It  is  those  agencies  and  conditions  to  which 

the  body  has  not  adapted  itself,  which,  swaying  its  normal  capacities  now 

one  way  and  now  another,  induce  the  functional  aberrations  and  struc- 
tural alterations  by  which  disease  is  manifested. 

It  follows  from  this  that  the  functional  abnormalities  and  the  struc- 

tural alterations  which  make  up  the  signs,  symptoms,  and  lesions  of  dis- 
ease involve  the  expression  of  no  new  functional  capacities  which  the 

normal  body  does  not  possess.  These  may  be  diminished  or  exalted; 

they  may  be  perverted  or  abolished;  or  the  cells  may  now  and  then  re- 
vert to  forms  and  to  phases  of  activity  which  the  body  has  long  since 

outgrown  or  largely  suppressed  in  its  slow  adaptation  to  conditions  of 
life  which  now  constitute  the  normal.  But  the  body  in  disease  manifests 
no  new  functions,  develops  no  new  forms  of  energy,  reveals  no  new 
capacities. 

The  Significance  of  Cells  in  Pathology. — If  pathology  is  to  be  for  the 
student  or  the  practitioner  anything  but  a  mass  of  more  or  less  useful  facts 
he  must  learn  to  correlate  its  data  with  the  facts  and  laws  of  normal 

morphology  and  normal  physiology.  While  he  should  be  conscious 
always,  on  the  one  hand,  of  the  invisible  molecular  changes  which  under 
lie  the  manifestations  of  energy,  and,  on  the  other,  will  not  ignore  the 
details  of  gross  morphology,  his  attention  will  be  most  constantly  drawn 
to  the  cells  as  the  life  units  upon  which  ultimately  both  the  form  and 
function  of  living  things  depend.  He  will  realize  that  as  the  cells  of  the 
normal  body  are  what  they  are  in  form  and  in  function  because  of  the 
conditions  under  which  they  have  been  slowly  evolved,  and  are  at  the 
moment  placed;  so  when  the  conditions  change  and  become  abnormal, 
it  is  to  the  cells  that  he  must  look  for  an  understanding  of  the  aber- 

rations and  disturbances  by  which  we  recognize  disease. 

In  normal  physiology  attention  is  most  keenly  centred  to-day  upon 
the  structure  and  performances  of  cells  as  the  field  richest  in  the  promise 
of  significant  revelations.  So,  also,  in  pathology  by  similar  methods 
and  with  ecjual  persistence  must  the  structure  and  performances  of  cells 
under  abnormal  conditions  be  studied  if  we  are  to  hope  with  reason  for 
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a  clearer  comprehension  of  disease.  This  has  long  been  recognized,  and 
to  the  conception  of  the  pathological  processes  as  essentially  cellular 
processes  are  due  the  great  advances  which  this  phase  of  biological  science 
has  made  during  the  past  few  decades.  But  the  newer  knowledge  of  the 
cell,  not  as  a  membranous  bag  nor  as  a  mere  lump  of  protoplasm,  but  as 
a  complex  machine  whose  various  structural  features  arc  of  the  utmost 
significance,  has  greatly  widened  the  field  of  cellular  pathology. 

Manifestations  of  heredity  which  are  displayed  in  the  body  as  a 

whole  have  long  been  known.  To-day  we  may  and  must  take  account 
of  the  marks  of  heredity  in  individual  cell  life.  Not  a  few  of  what  we 
call  the  aberrances  of  cells  in  disease  are  but  the  expression  of  cell  traits 
and  capacities  latent  in  the  environment  which  has  become  the  usual  and 
therefore  the  normal,  but  finding  expression  as  the  sway  of  the  body- 
organism  is  released  under  disturbances  of  its  equilibrium.  Thus  cells 
thrown  out  of  function  may  in  a  measure  revert  in  character  to  less  dif- 

ferentiated types,  and  cells  long  comparatively  quiescent  may,  under 
varying  stimuli,  assume  capacities  and  forms  which  they  seemed  to  have 
outgrown. 

Of  course,  in  the  pursuit  of  pathological  morphology  it  is  the  dead 
body  and  dead  tissues  with  which  we  are  most  often  engaged.  But  these 
are  of  special  interest  only  as  they  reveal  structures  or  indicate  processes 
which  were  maintained  during  life.  So  that  he  who  can  most  closely 
correlate  the  knowledge  of  the  living  cells  with  his  observations  upon 
those  which  are  dead  will  gain  most  from  his  morphological  studies. 

The  Interrelationship  of  Ceils  and  of  Organs. — While  the  pathology  of 
to-day  is  essentially  a  cellular  pathology,  while  it  is  illuminating  and  con- 

venient to  consider  the  cells  as  physiological  and  structural  units,  main- 
taining a  certain  independence  of  existence  and  function,  it  is  neverthe- 

less true  that  beyond  their  mere  juxtaposition  in  the  body,  beyond  a  close 
mutual  dependence  upon  the  common  blood  supply  and  nerve  control, 
there  is  a  subtle  and  as  yet  little  understood  transmission  of  physiological 

impulses  from  cell  to  cell.  Whether  this  is  often  by  protoplasmic  con- 
tinuity or  usually  in  some  other  way,  we  do  not  know.  But  it  should  not 

be  left  out  of  the  account  in  some  of  the  more  complex  and  subtle  prob- 
lems which,  in  health  as  in  disease,  the  life  of  the  cell  and  the  life  of  the 

body  present. 
The  interrelationship  of  organs,  and  the  innervation  and  circulation 

which  they  share  in  common,  have  most  important  bearings  upon  both 
the  morphology  and  physiology  of  disease.  This  relationship  will  be 
considered  briefly  in  the  later  chapters  of  this  book,  but  should  receive 
especial  attention  in  the  study  of  clinical  pathology. 

The  Excitants  of  Disease. — When  we  study  the  so-called  causes  of 
disease,  we  should  remember  always  that,  underlying  the  manifestations 
of  disease,  as  well  as  sustaining  the  correlated  processes  which  we  name 
health,  are  the  complex  and  ceaseless  chemical  transformations  which  in 
both  health  and  disease  alike  supply  the  energy  which  sustains  all  ex- 

pression of  life.  So  that  what  we  are  wont  to  call  the  causes,  whether 

external  or  internal,  of  disease  are  really  not  primary  causes,  but  liber- 
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ating  impulses  or  excitants  which  sway  and  modify  the  orderly  transfor- 
mations of  energy  constituting  health,  with  those  manifestations  of  per- 

turbed function  or  altered  structure,  or  both,  on  which  our  conceptions  of 
disease  are  framed. 

Phases  and  Classifications  of  Pathology. — ^Pathology,  then,  deals  with 
the  disturbances  of  function  and  the  alterations  in  structure  in  living 
beings,  induced  by  unusual  agencies  and  conditions.  The  functional 
disturbances  thus  induced  are  embraced  as  symptoms  of  disease  in 

pathological  physiology,  which  so  largely  dominates  the  scientific  activi- 
ties of  the  physician  and  forms  the  basis  for  the  practice  of  his  art.  The 

phenomena  of  pathological  physiology  are  in  no  sense  opposed  to  those 
of  normal  physiology,  but  are  their  inevitable  correlatives  when  the 
living  body  is  placed  under  sufficiently  abnormal  conditions.  Patho- 
logical  morphology  is  concerned  with  the  structural  alterations  of  the 
organism  which  may  result  from  abnormal  conditions.  Pathological 
morphology  deals  with  both  the  gross  and  the  microscopic  alterations  of 
structure,  and  hence  embraces  both  pathological  anatomy  and  pathological 
histology. 

But  alterations  in  structure  are  so  closely  associated  with  disturbances 

in  function,  and  both  are  so  constantly  dependent  upon  the  inciting  fac- 
tors in  disease,  that  an  intelligent  study  of  morphology  necessitates  a 

constant  consideration  of  etiology  and  of  certain  phases  of  pathological 
physiology. 

It  is  customary  and  convenient  in  the  study  of  pathology  to  consider 
together  the  general  or  elementary  abnormal  processes  and  conditions 
and  the  etiological  factors  in  disease  without  reference  to  their  special 
manifestations  in  particular  organs  or  parts  of  the  body.  This  division 
of  the  subject  is  called  General  Pathology.  Special  Pathology  deals  with 
the  forms  and  details  of  lesions  in  individual  organs  or  parts  of 
the   body. 

Correlated  Sciences. — The  human  body  is  so  complex  in  its  organiza- 
tion that  the  student  of  pathology,  like  the  student  of  nortnal  morphology 

and  physiology,  is  under  the  constant  necessity  of  seeking  light  through 
the  study  of  simpler  organisms.  In  our  extremely  differentiated  and 

intimately  co-ordinated  cells,  many  features  fundamentally  simple  are 
veiled  or  modified;  so  that  we  can  understand  them  only  when  we  inter- 

pret them  in  the  light  of  less  advanced  forms. 
Thus  it  is  that  in  the  lore  of  the  zoologist  and  the  botanist  we  may 

find  the  key  to  obscure  and  important  manifestations  of  aberrant  cell 
life.  It  is,  in  truth,  through  the  pursuit  of  comparative  pathology  that 
some  of  our  greatest  advances  in  the  conceptions  of  disease  have  been 
won,  and  in  it  lies  the  brightest  promise  for  the  future.  In  the  light  of 
embryology  many  obscure  pathological  processes  become  plain  and  many 
clews  to  fruitful  research  are  secured. 

Furthermore,  so  much  depends  upon  the  metabolism  of  the  body  in 
health  and  disease  that  it  is  to  chemistry^  both  in  health  and  disease, 

that  the  scientific  physician  looks  most  eagerly  for  the  solution  of  prob- 
lems which  each  day  become  more  numerous  and  urgent. 
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Finally,  we  are  daily  realizing  more  clearly  that  in  those  complex  and 
subtle  processes  which  we  are  wont  to  call  vital,  such  physical  factors  as 
molecular  constitution,  surf  ace  tension,  osmosis  and  diffusion,  gravitation, 
elasticity,  and  pressure  are  of  the  highest  significance  and  in  our  studies 
cannot  be  wisely  ignored. 



CHAPTER  I. 

THE  CONDITIONS  OF  DISEASE. 

Adaptation  in  Health  and  Disease. — The  human  body,  like  other 
living  organisms,  has  acquired  its  present  form  and  its  varied  functions 
through  gradual  adaptation  to  its  environment. 

The  maintenance  of  the  normal  life  of  the  body  involves  a  normal 
mechanism  and  impulse  to  start  with,  and  a  constant  and  successful 
adjustment  to  the  conditions  under  which  it  is  placed.  While  the 

continuance  of  the  state  which  we  call  health  depends  upon  the  approxi- 
mate maintenance  of  the  external  conditions  to  which  the  body  has 

become  adapted,  it  should  be  borne  in  mind  that  the  adaptive  capacity 
of  the  body  is  in  many  ways  so  effective  that  it  can  maintain  its  normal 
structure  and  functions  in  spite  of  unusual  surroundings  and  adverse 
influences.  Thus,  for  example,  the  body  can  adapt  itself,  within  the 
limits  of  what  we  call  health,  to  alterations,  deficiencies,  or  excesses  of 

nutrient  material;  to  varying  extremes  of  heat  or  cold,  moisture  or  dry- 
ness; to  electrical  tension;  to. animal  and  vegetable  parasites;  and  to 

various  poisons,  both  those  which  come  from  without  and  those  which 

result  from  faulty  metabolism.  Beyond  certain  rather  ill-defined  limits, 
however,  the  adaptive  capacity  cannot  go,  and  disease  results. 

Disposition  to  Disease. — The  adaptive  capacity  may  vary  greatly  in 
different  individuals,  depending  upon  age,  sex,  race,  etc.,  so  that  adverse 
conditions  which  one  individual  can  sustain  without  marked  functional 

disturbance  or  structural  damage  may  induce  in  another  more  or  less 

serious  disease.  There  is  thus  disposition  and  relative  immunity  to  dis- 
ease. For  example,  children  are  in  general  much  more  disposed  to  cer- 

tain diseases  than  are  adults.  This  disposition  to  disease  is  not,  however, 
always  fixed,  but  may  give  way  to  immunity  under  conditions  which  we 
shall  study  especially  in  the  acute  infections. 

Disposition  to  disease  may  be  inherited  and  find  expression  through 
obvious  structural  abnormalities  or  through  subtle  functional  defects, 
difficult  or  impossible  to  define  or  detect. 

Classes  of  Disease  Conditions. — ^The  harmful  conditions  to  which  the 
body  may  be  subjected  and  which  incite  disease  may  be  divided  into  two 

classes,  external  and  internal.  We  may  thus  speak  of  external  and  inter- 
nal conditions  of  disease. 

It  does  not  fall  within  the  scope  of  this  book  to  enter  upon  a  dis- 
cussion of  the  many  and  varied  conditions  under  which  disease  occurs, 

nor  to  place  in  array  the  many  and  wearisome  phases  of  classification 
which  have  been  more  or  less  imposing  or  useful  in  the  earlier  days  of 

8 



CONDITIONS    OF    DISEASE  9 

pathology  and  medical  practice.  We  shall  consider  here  only  some  of 
the  more  general  conditions  of  disease,  referring  for  a  study  of  the  de- 

tails of  the  specific  excitants  to  later  chapters. 

External  Conditions  of  Disease. 

Disturbances  of  Nutrition. — The  body  may  suffer  through  excessive 
or  deficient  nourishment.  Too  much  food  may  in  certain,  though  not 
in  all,  persons  lead  to  an  abnormal  accumulation  of  fat.  Too  much  food 
or  unsuitable  food  may  lead  to  disorders  of  the  digestive  apparatus 

or  it  may  lead  to  the  production  within  the  body  of  metabolic  sub- 
stances which  seriously  damage  important  organs.  There  is  much 

reason  for  believing  that  through  such  faulty  metabolism  forms  of 

auto-intoxication  may  arise  which  damage  the  parenchyma  of  the 
liver  and  kidney,  for  example,  so  that  structural  as  well  as  functional 
disorders  arise. 

On  the  other  hand,  through  insufficient  nutriment  the  fat  may 
disappear,  the  voluntary  muscle  substance  diminish,  and  the  blood 
deteriorate.  Inanition  may,  however,  occur  in  persons  whose  food 
supply  is  both  abundant  and  suitable;  for  example,  in  structural  or 

functional  disorders  of  the  digestive  organs,  in  the  insane,  etc.  Nutri- 
tion may  suffer  also  in  the  absence  of  a  sufficient  amount  of  water  or 

proteids  or  inorganic  salts  in  the  food.^ 
Air  Supply. — Through  the  function  of  respiration  a  supply  of  oxygen  is 

furnished  to  the  blood  in  the  recesses  of  the  lungs,  and  excretory  prod- 
ucts are  carried  off.  The  failure  of  this  function  may  be  due  to  a  lack 

of  air  bearing  the  oxygen  or  some  interference  with  the  respiratory 
channels  or  mechanism.  The  failure  of  oxygen  to  reach  the  lungs  in 
proper  condition  and  quantity  is  followed  by  forcible  respiratory  efforts 

which  mark  dyspnoea.  A  fatal  suppression  of  respiration  by  the  ex- 
clusion of  air  is  called  suffocation  or  strangulation.  Asphyxia  is  a  con- 

dition in  which  respiration  is  suspended,  but  the  heart  continues  to  beat. 

This  condition  is  of  frequent  occurrence  in  the  new-born,  and  is  associ- 
ated with  many  forms  of  disease  of  the  respiratory  organs.  For  a  more 

detailed  consideration  of  asphyxia,  suffocation,  and  strangulation  see 

p.  442. 
Occupation. — Many  diseases  are  closely  dependent  in  origin  upon 

unsanitary  conditions  associated  with  occupation.  The  dusty  air 

prevalent  in  many  stores,  factories,  theatres,  court-rooms,  prisons, 
schools,  etc.,  may  damage  the  lungs  directly  and  render  them  more 
vulnerable  in  the  presence  of  pathogenic  micro-organisms.  The  high 
temperature  and  foul  air  common  in  many  places  of  work  or  assembly 
may  be  serious  predisponents  to  disease.  Finally,  the  abuse  of  alco- 

holic drinks  and  tobacco  may  be  cited  among  many  common  excesses 
as  agencies  through  which  the  conditions  of  disease  are  fulfilled. 

Damage  from  Excessive  or  Deficient  Heat. — Through  the  heat-regu- 

*  Consult  for  a  riaunU  of  nutrition  in  health  and  disease,  Lusk,  "  Elements  of  the  Science  of  Nutri- 
tion," 1906. 
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lating  mechanism  of  the  body  a  remarkable  adaptation  to  moderate 
elevations  of  temperature  is  possible.  But  the  maintenance  of  life  is 
incompatible  with  very  high  temperatures. 

Local  exposure  to  both  extreme  heat  and  extreme  cold  induces  necro- 
sis and  various  phases  of  inflammation  of  the  tissues. 
Death  may  be  caused  by  the  inspiration  of  smoke  and  flame;  by  the 

drinking  of  hot  fluids;  by  the  direct  contact  of  flame  or  hot  substances 
with  the  external  surface  of  the  body.  It  may  be  due  to  the  direct  effect 
of  the  agents,  to  secondary  affections  of  the  viscera,  or  to  the  exhaustion 

produced  by  long-continued  inflammation  and  suppuration.  Sudden 

death  may  occur  after  extensive  burnings  of  the  skin.^ 
The  burned  skin  divested  of  epidermis  may  present  a  peculiar  red,  hard,  parchment- 
like appearance.  If  the  patient  have  lived  for  some  time,  suppuration  of  the  injured 

surface  may  ensue.  Or  there  are  small,  bladder-like  elevations  of  the  epidermis.  The 
base  of  these  blisters  is  red,  and  they  are  surrounded  by  a  red  zone,  or  suppuration 
may  have  commenced.  These  appearances  cannot  be  produced  by  heat  applied  to 
the  skin  after  death. 

After  death  from  severe  burns  there  is  apt  to  be  congestion  of  the  brain  and  the 

thoracic  and  abdominal  viscera.  The  lymph-nodes  and  the  lymphatic  tissues  through- 
out the  body  may  be  swollen  and  the  seat  of  endothelial  cell  proliferation  and  necrosis. 

There  is  usually  albuminous  degeneration  of  the  liver  and  kidneys;  the  spleen  is 
swollen,  and  the  seat  of  focal  necrosis.  Focal  necrosis  in  the  bone  marrow  has  been 
noted.  There  may  be  capillary  thromboses,  interstitial  haemorrhages  in  the  kidney, 
and  leucocytosis.  These  lesions  indicate  the  presence  of  toxic  substances  in  the  body 
fluids,  and  thus  the  general  condition  may  be  regarded  as  an  instance  of  auto-intoxi- 

cation.' Secondary  lesions  are  not  infrequent  after  severe  burns.  There  may  be  oedema  of 
the  glottis,  pseudo-membranous  inflammation  of  the  larynx  and  trachea,  pneumonia, 
ulceration  of  the  duodenum,  and  pyaemia  with  infarctions  in  the  lungs,  liver,  spleen, 
and  kidneys. 

Excessive  cold  may  lead  to  the  extinction  of  life  in  the  body  as  a 
whole  or  in  exposed  parts,  which  cannot  long  resist  freezing. 

Electricity. — Lightning. — ^Persons  who  are  struck  by  lightning  may  die 
instantly,  or  may  continue  for  several  hours  comatose  or  delirious,  and 
then  either  die  or  recover;  or  they  may  die  after  some  time  from  the  effects 
of  the  burns  and  injuries  received. 

The  post-mortem  appearances  are  very  variable.  Sometimes  there 
are  no  marks  of  external  violence  or  internal  lesions.  Sometimes  the 

clothes  are  burnt  and  torn,  while  the  skin  beneath  them  is  unchanged. 
Usually  there  are  marks  of  contusion  and  laceration,  or  ecchymoses, 

or  lacerated,  punctured  wounds,  or  fractures  of  the  bones,  or  super- 
ficial or  deep  burns.  The  track  of  the  electric  current  may  sometimes 

be  marked  by  dark  red  arborescent  streaks  on  the  skin.  Fractures 
are  rare. 

The  internal  viscera  may  be  lacerated  and  disorganized  from  lightning. 

Artificial  Electrical  Currents. — In  death  from  powerful  artificial  elec- 
trical currents,  either  by  accident,  as  in  linemen  and  others,  or  in  elec- 

'  For  a  study  of  sudden  death  following  severe  bums,  consult  Silbermann,  Virch.  Arch.,  Bd.  cix., 
p.  488.  1890.  bib. 

'  For  a  study  of  the  visceral  changes  following  extensive  bums,  consult  Bardcen,  Jour.  Exp.  Med., 
vol.  ii.,  p.  501,  1897,  bib.  MciWae,  Trans.  Ass.  Am.  Phys.,  vol.  xvi.,  1901,  p.  153;  also,  Locke,  BostoD 
Med.  and  Surg.  Jour.,  vol.  cxivii.,  p.  480,  1902,  bib. 
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trical  executions,  there  may  be  local  burnings  of  varying  degree  where 
the  wires  or  electrodes  come  in  contact  with  the  skin.  The  clothes  may 
be  pierced  with  holes  at  the  point  of  exit  of  the  current.  Internally 
there  appear  to  be  no  marked  or  characteristic  lesions,  either  gross  or 

microscopical,  in  this  form  of  death.  Van  Gieson  and  others  have  ob- 
served the  occasional,  but  not  constant,  occurrence  of  small  haemor- 
rhages in  the  floor  of  the  fourth  ventricle,  the  significance  of  which  is 

doubtful.  Other  petechial  spots  have  been  observed  beneath  the 
serous  surfaces  of  the  endocardium,  pericardium,  and  pleura,  and  on  the 

spleen.^ Roentgen  Rays  and  Radium. — Exposure  of  the  skin  to  the  x-rays 

may  lead  to  inflammation  of  the  skin  or  to  necrosis.^ 
Radium  may  induce  similar  changes. 

Trauma. — The  various  forms  of  mechanical  injury  which  the  body 
may  suffer  need  not  be  considered  here  in  detail.  The  significance  to 
life  and  health  depends  upon  the  extent  of  the  injury  and  the  part  of 
the  body  affected.  Thus,  a  concussion  of  the  brain,  even  without 
obvious  structural  lesion,  may  be  immediately  fatal,  while  excessive 
laceration  or  crushing  of  a  limb  or  muscle  may  be  readily  recovered 
from. 

Foreign  Bodies. — We  shall  see  later  how  the  presence  of  lifeless 
foreign  bodies,  or  of  animal  and  vegetable  parasites — bacteria,  pro- 

tozoa, etc. — may  be  harmful  to  the  organism,  and  the  adaptive  measures 
by  which  in  favorable  cases  protection  is  secured. 

Poisons. — Certain  forms  of  poisons  are  to  be  reckoned  among  the 
external  agents  harmful  to  the  body.  These  will  be  considered  in  a 
later  section. 

Increased  Atmospheric  Pressure  (Caisson  Disease). — An  extreme  in- 
crease in  atmospheric  pressure,  such  as  is  often  nowadays  maintained 

in  tunnels,  caissons,  and  other  construction  works,  is  sometimes  the 

occasion  of  death,  especially  when  the  pressure  is  relieved  by  a  too  sud- 
den return  to  normal  conditions,  that  is,  in  what  is  technically  called 

decompression.  The  danger  seems  to  lie,  apart  from  individual  sus- 
ceptibility, in  the  rapidity  of  the  decompression. 

WTien  the  pressure  is  relieved,  susceptible  individuals  may  breathe  with  difficulty, 
be  cyanosed,  and  bleed  from  the  nose,  ears,  eyes,  and  other  mucous  membranes.  There 
may  be  pain  in  the  joints,  muscles,  and  abdomen.  There  may  be  paralyses,  especially 
of  the  lower  extremities.  The  bodies  of  the  victims  are  often  contorted  from  the 

muscu  ar  contraction,  hence  the  common  name  of  the  condition,  "  the  bends."  All  of 
these  symptoms  may  be  promptly  relieved  by  recompression.  On  the  other  hand, 
susceptible  persons  may  succumb  within  a  few  hours  to  the  disorder. 

The  lesions  in  fatal  cases  are  quite  variable.  During  compression  the  blood  ab- 
sorbs an  abnormal  quantity  of  the  gases  from  the  air.  In  decompression  these  escape, 

and  to  this  "frothing"  of  the  blood  in  too  rapid  decompression  the  symptoms  and 
lesions  of  caisson  disease  are,  in  part  at  least,  due.  On  external  inspection  no  lesion 
may  be  evident;  or  there  may  be  marked  cyanosis  of  the  face  and  mucous  membranes 

*  Van  Gieaon,  **A  Report  of  the  Gross  and  Microscopical  Examination  of  Six  Cases  of  Death  by 
Strong  Electrical  Currents,"  New  York  Medical  Journal,  May  7th  and  14th,  1892.  Cunningham, 
"The  Cause  of  Death  from  Industrial  Electric  Currents,"  New  York  Medical  Journal,  vol.  Ixx.,  pp. 
581  and  615,  1899.    JeUiffe,  Peterson  and  Haines'  "Text-book  of  Legal  Medicine,"  p.  245. 

2  For  a  study  of  lesions  in  jr-ray  examinations  see  Wolbach,  Jour.  Exp.  Med.,  xxi,  415,  1909. 
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of  the  mouth,  nose,  etc.  Crepitatioo  of  the  :<kin  may  be  elicited  on  light  pressure, 
even  though  the  skin  be  not  obviously  puffed  up.  The  internal  lesions  are  also  vari- 

able. Of  these,  general  venouscongestionandfrothy  blood  in  the  veiDsand  capillaries 
are  the  most  constant  and  characteristic.  The  gas  ia  the  vessels  may  be  best  seen  in 
the  pla  mater  cerebralis  (Fig.  1)  and  in  the  omentum.     Petechial  hemorrhages  may 

be  found  in  the  brain  and  cord.     Also  the  gas  sometimes  accumulates  in  small  blebs  in 
the  nerve  tissue. 

In  cases  which  recover  from  the  primary  effects  of  the  pressure  there  may  be 
secondary  degenerations  in  the  nervous  system,  paralysis,  emaciation,  trophic  ulcers, 

Internal  Conditions  of  Disease. 

In  distinction  to  those  external  agencies  which  lead  to  disease,  there 
are  many  conditions  of  the  body  itself  which  are  incompatible  with  the 

maintenance  of  health.  Thus,  there  are  general  conditions,  due  to  dis- 
turbances of  metabolism,  such  as  diabetes  and  gout,  which  we  shall  con- 

sider separately  later,  in  which  abnormal  amounts  of  sugar  and  uric  acid 
arc  present,  leading  to  many  local  and  general  disturbances. 

But  by  far  the  more  common  internal  conditions  associated  with  dis- 
ease are  the  structural  and  functional  alterations  of  the  various  organs  of 

the  body,  which  may  lead  directly  or  indirectly  to  the  most  complex 
departures  from  the  normal.  Some  of  these  will  be  considered  more  in 
detail  in  later  sections  of  this  book.  We  may  note  here,  however,  as 
examples,  a  few  of  these  complex  relationships  between  local  lesions 
and  the  general  welfare  of  the  organism. 

Lesions  of  the  heart  valves  lead  to  disturbances  of  the  circulation  of 

the  blood  in  various  parts  of  the  body,  so  that,  as  we  shall  see  later, 
both  functional  and  structural  changes  harmful  to  the  individual  may 
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occur  in  important  viscera,  for  example,  in  the  lungs,  the  kidney,  liver, 
blood-vessels,  etc.,  and  secondarily  in  the  walls  of  the  heart  itself. 

In  the  gastro-intestinal  canal  defective  innervation,  or  trauma,  or 
tumors,  or  constrictions  may  lead  to  the  accumulation  of  ingested  material, 
to  innutrition,  to  intoxication  through  decomposition  of  the  albuminous 
or  other  ingredients  of  the  retained  material. 

So  in  the  liver,  an  insufficient  production  of  bile  or  an  occlusion  of 

the  gall-ducts  may  lead  to  digestive  disturbances,  to  a  deposition  of 
bile  pigment  in  various  parts  of  the  body — icterus;  to  the  accumulation 
of  bile  in  the  blood — cholaemia.  On  the  other  hand,  an  overproduction 
of  bile  may  take  place  in  the  destruction  of  abnormal  quantities  of  red 
blood  cells,  leading  to  icterus.  Furthermore,  through  disturbances  in 
the  glycogenic  function  of  the  liver,  sugar  may  accumulate  in  the  blood. 

These  examples  of  the  bearing  of  functional  disturbances  and  struc- 
tural lesions  of  individual  organs  upon  each  other,and  upon  the  welfare 

of  the  body  as  a  whole,  must  suflSce,  since  the  scope  of  this  book  does 
not  permit  us  to  enter  upon  this  wide  field  of  pathological  physiology, 
for  the  adequate  consideration  of  which  we  must  refer  to  systematic 
treatises  on  the  practice  of  medicine. 

Race. — Examples  of  racial  disposition  to  disease  are  not  uncommon. 
Thus  African  negroes  are  less  susceptible  than  are  the  whites  to  malaria. 
On  the  other  hand,  in  this  country  the  negro  is  especially  vulnerable 
to  tuberculosis. 

Age  is  an  important  factor  in  the  liability  to  disease,  though  the 
reason  for  this  is  in  very  few  instances  at  all  clear.  In  childhood,  for 

example,  diseases  of  the  digestive  system  are  readily  induced  by  un- 
suitable food.  In  advanced  life,  the  vascular  system  is  a  vulnerable 

part  of  the  body.  This  apparent  predisposition  of  age  may,  however, 
be  referred  to  the  wearing  out  of  the  vascular  mechanism. 

Sex  appears  to  be  a  definite  factor  in  disease  disposition,  for  such 
maladies  as  diabetes,  gout,  general  paralysis,  tabes,  etc.,  are  more 
common  in  males  than  in  females.  But  here,  as  in  the  age  factor,  many 
obvious  external  conditions,  such  as  occupation,  food,  excesses  in  food 
and  drink,  syphilis,  etc.,  may  be  invoked  as  elements  of  determining 
importance  but  not  inherent  in  the  condition  of  sex.  The  conditions 

incident  to  child-bearing,  however,  favor  the  occurrence  of  many  more 
or  less  serious  abnormalities  of  structure  and  function  peculiar  to  the 
female. 

Heredity. — The  relations  of  heredity  to  disease  are  extremely  com- 
plex and  subtle,  and  our  knowledge  of  the  subject  is  still  too  meagre  to 

permit  of  a  profitable  exposition  within  the  limits  w^hich  this  book  im- 
poses. In  certain  infectious  diseases,  syphilis  for  example,  the  in- 
fective agent  may  be  transmitted  from  the  parents  to  the  offspring. 

This,  however,  is  not  the  conveyance  of  physiological  or  structural 
peculiarities,  but  only  of  an  external  disease  excitant. 

For  the  sake  of  clearness  of  thought  and  correctness  of  observation  it 
is  well  for  the  student  and  physician  to  remember  that  those  features  and 
capacities  of  the  organism  which  are  inherited,  are  those  and  those  alone 
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derived  from  the  maternal  and  paternal  germ  plasm,  or  through  the  reac- 
tion of  these  upon  each  other.  The  many  and  varied  external  influences 

brought  to  bear  upon  the  foetus  during  intrauterine  life,  may  induce 
marked  departures  from  the  normal,  but  these  abnormalities  are  not  in  a 

proper  sense  inherited.     They  are  more  correctly  designated  congenital.* 
Susceptibility  to  disease  may  be  inherited,  to  tuberculosis,  for 

example,  though  we  are  unable  to  define  clearly  either  structural  or 
functional  traits  to  which  this  vulnerability  may  be  attributed. 

There  are  numerous  examples  of  hereditary  anomalies  or  dispositions 
to  disease.  We  cannot  consider  them  here  in  detail,  but  we  may  men- 

tion as  examples,  hsBmophilia,  color-blindness,  myopia,  neuroses  of  vari- 

ous types,  polyuria,  obesity,  gout,  and  diabetes.^ 
1  For  on  interesting  and  suggestive  study  of  heredity,  see  Adami's  "Principles  of  Pathology," 

Vol.  i,  1908.     See  also  Adami  on  Inheritance  and  Disease  in  Osier's  "  Modem  Medicine,"  vol.  i.  1906. 
*For  fuller  exposition  of  the  subjects  considered  in  this  chapter  consult  Adami,  "Principles  of 

Pathology,"  vol.  i.  1908.  Thoma,  "Text-book  of  Pathology,"  English  Trans.,  1896.  Chantemesse  and 
Podwyasotsky,  "Les  Processus  G6n6raux,"  1901.  Roger,  "Introduction  to  the  Study  of  Medicine," 
Eng.  Trans.,  1901. 



CHAPTER  II. 

CHANGES  IN  THE  CIRCULATION  OF  THE  BLOOD. 

General  Conditions. 

The  circulation  of  the  blood  in  the  body  is  maintained  by  a  very 

efficient  and  delicate  mechanism  capable  of  prompt  and  effective  ad- 
justment to  changes  in  the  local  and  general  conditions  under  which 

the  body  is  placed. 
The  factors  especially  concerned  in  the  maintenance  of  the  normal 

circulation  and  in  its  adaptability  to  new  and  unfavorable  conditions 

are  the  contractile  heart  with  its  valves,  the  elastic  arteries,  the  innerva- 
tion of  the  heart  and  vessels,  gravitation,  and  the  various  phases  of 

pressure  and  suction  upon  the  veins  from  external  sources,  direct  mus- 
cular action,  respiratory  movements,  etc.,  w^hich  promote  the  passage  of 

the  blood  upon  its  rounds.  Finally,  the  character  of  the  blood  itself  may 

have  an  important  bearing  upon  the  efficiency  of  the  circulatory  mechan- 
ism. Alterations  in  any  of  these  factors  may  involve  disturbances  of 

the  circulation. 

We  may  glance  briefly  at  some  of  these  factors  in  the  circulation,  and 
first  at  the  heart  itself.  The  energy  sustaining  the  circulation  is  primarily 
derived  from  the  contractile  heart,  so  that  the  condition  of  its  muscle 
and  innervation  are  of  the  first  significance.  Should  the  heart  muscle 
be  enfeebled,  through  lack  of  proper  nutriment  or  innervation  or  by 
degeneration  of  the  muscle  for  example,  the  circulation  suffers  in  manner 
and  degree,  depending  upon  the  part  of  the  heart  involved.  Thus  if 
the  muscle  of  the  right  ventricle  is  enfeebled,  blood  is  not  properly 
drawn  into  the  ventricle  and  is  not  sent  with  sufficient  force  into  the 

lungs.  The  venous  system  then  becomes  overfilled  with  blood.  If  the 
muscle  of  the  left  ventricle  be  enfeebled,  too  little  blood  is  sent  into  the 
arterial  system  and  the  pulmonary  vessels  are  not  properly  emptied. 

Changes  in  the  valvular  openings  of  the  heart  or  in  the  valves  them- 
selves lead  to  disturbances  of  the  circulation.  Thus  if  the  openings  are 

narrowed,  too  little  blood  passes  them;  or  if  the  valves  fail  to  close 
properly,  some  of  the  blood  flows  backward  through  them.  In  this 
way  both  the  pulmonary  and  the  systemic  veins  become  overfilled. 

The  circulation  may  also  suffer  through  alterations  in  the  walls  of 

the  blood-vessels.  The  elasticity  and  contractility  of  the  arterial  walls 
are  important  factors  in  the  maintenance  of  a  normal  circulation,  since 
they  sustain  and  reinforce  the  heart  pressure  in  the  blood  and  convert 
the  pulsating  movement  imparted  by  that  organ  into  a  continuous, 
uniform  flow  through  the  capillaries  and  veins.  If  the  arterial  walls 
become  stiffened  and  less  elastic,  or  if  their  lumen  becomes  narrowed, 

15 
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more  work  is  thrown  upon  the  heart  muscle.  Thus  the  peripheral  cir- 
culation is  impaired  unless,  in  a  manner  which  we  shall  presently  con- 

sider, the  power  of  the  heart  muscle  is  increased  by  hypertrophy.  Ob- 
struction of  the  veins  may  induce  similar  disturbances  in  the  heart  and  an 

impaired  local  or  general  circulation. 
The  circulation  of  the  blood  being  controlled  by  the  nervous  system 

through  the  distribution  of  nerves  to  both  the  heart  and  the  vessels, 
alterations  in  the  central  nervous  system  affecting  the  vagus  or  the 

sympatheticus,  or  severe  traumatic  injuries  to  the  body  involving  re- 
flex disturbances,  may  induce  serious  local  or  general  interference  with 

the  circulation  of  the  blood. 

The  respiratory  movements  of  expiration  and  inspiration  favor  the 

circulation  of  the  blood,  so  that  interference  with  these  may  be  of  con- 
siderable importance.  Thus  pleuritic  effusions,  severe  spasms  of  cough- 

ing, etc.,  may  induce  changes  in  the  pulmonary  circulation  and  the 
right  heart  as  well  as  in  the  systemic  circulation. 

The  movements  of  the  muscles  of  the  trunk  and  extremities  acting 

together  w-ith  the  valves  of  the  veins  contribute  to  the  forces  carrying 
the  blood  forward  in  circulation.  Severe  spasm  of  the  muscle,  as  in 
epilepsy,  tetanus,  strychnine  poisoning,  etc.,  may  induce  stagnation  of 
the  blood  in  the  veins  of  the  trunk  and  the  viscera  so  that  it  does  not 

return  properly  to  the  heart. 
These  are  some  of  the  more  important  of  the  changes  which  the 

general  circulation  suffers  in  conditions  which  interfere  with  the  cir- 
culatory mechanism. 

The  means  by  which  the  heart  and  the  blood-vessels  adapt  themselves 
to  various  disturbing  conditions  through  compensatory  alterations  will  be 

considered  in  the  chapters  in  ** Special  Pathology''  dealing  with  these 
organs. 

We  shall  now  consider  in  more  detail  the  local  effects  of  a  disturbed 
circulation. 

Hypersemia  and  Anaemia. 

Within  physiological  limits  the  amount  of  blood  in  a  part  may  vary 

considerably  under  vasomotor  control  according  to  the  functional  necessi- 
ties of  the  part  or  vascular  territory.  Under  a  great  variety  of  abnormal 

conditions  the  blood  content  suffers  changes  so  excessive  and  so  lasting  as 
to  be  pathological.     It  is  the  latter  alone  which  we  are  to  consider  here. 

A  part  of  the  body  may  contain  an  excess  of  blood,  a  condition  called 

hyperwmia  (congestion) .  This  is  distinguished  from  plethora,  which  signi- 
fies a  general  excess  of  blood  in  the  body.  On  the  other  hand,  there  may 

be  too  little  blood  in  a  part  of  the  body,  a  condition  which  is  called 
anamia. 

HYPERiEMIA. 

Hyperaemia  may  occur  either  through  increased  arterial  supply. 
active  hyperamia  (acute  congestion),  or  through  some  hinderance  to  the 
venous  outflow  of  the  part,  passive  hypercvmia  (venous  congestion). 
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Active  Hyperseinia. — This  may  occur  through  ttilatation  of  the 
arteries  by  the  action  of  various  physical  and  chemical  agents  directly 

upon  their  muscular  coats,  or  through  the  vasomotor  nerves,  or  from 
the  reduction  of  pressure  upon  the  vessels  from  without. 

Thus,  injuries  or  stimulation  of  the  vasomotor  nerves,  heat,  the 
sudden  evacuation  of  large  exudates,  trauma,  and  the  action  on  the 

vessels  of  a  great  variety  of  chemical  irritants  may  lead  to  a  dilatation 

of  the  vessels,  and,  as  friction  is  diminished  with  the  dilatation  of  the 
lumen,  to  a  more  rapid  flow  of  the  blood. 

Under  these  conditions  the  affected  region  becomes  redder,  warmer, 
and  may  be  more  or  less  swollen,  and  under  certain  conditions  the 
arterial  characters  of  the  blood  and  pulsation  of  the  vessels  may  be 
extended  into  the  venous  trunks. 

Passive  Kypttavaisi  (venous  congestion).^ — In  passive  hypeiwrnia 
due  to  obstruction  to  the  outflow  of  blood  from  a  part,  there  is  an  over- 

filling of  the  veins  and   capillaries   (Fig.  2).     The  hinderance  to  the 
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outflow  of  blood  may  be  due  to  compression  of  the  vessels  from  without, 
as  from  tumor,  aneurism,  ligature,  displacement,  or  from  new  interstitial 
tissues  in  various  organs.     It  is  frequently  the  result  of  thrombosis. 

One  of  the  most  fruitful  determining  causes  of  passive  hypersemia  Ls 
the  lesions  of  the  heart  which  interfere  with  the  regular  entrance  and 
exit  of  the  blood  from  that  organ.  Thus,  in  incompetence  or  stenosis 
of  the  mitral  valve  the  pulmonary  vessels  become  congested;  the  right 
ventricle  does  not  properly  empty  itself.  So  the  systemic  veins  in  vary- 

ing degrees  suffer  engorgement,  and  the  viscera  become  involved  in  the 
secondary  alterations  due  to  chronic  hypenemia. 

The  effect  of  venous  obstruction  varies  greatly,  depending  upon  its 
degree,  the  rapidity  of  its  occurrence,  and  upon  the  structure  and 
functional  importance  of  the  part  involved.  If,  as  in  most  instances 
is  the  case,  venous  anastomoses  exist  between  the  partially  or  wholly 
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occluded  and  other  vessels,  these  may  enlarge,  and  with  the  establish- 
ment of  this  collateral  circulalion  a  more  or  less  complete  adaptation 

to  the  changed  conditions  is  secured  (see  Fig.  3),  The  collateral  veins 
and  even  capillaries  in  the  involved  region  widen  and  their  walls  thicken; 
and  thus  while  for  a  time  hypersemia  of  varying  intensity  may  exist,  this 
gradually  resolves. 

The  possibilities  of  adaptation  to  venous  obstruction  are  sometimes 
very  great  even  when  large  trunks  are  concerned.  Thus,  a  ligature  of 
the  femoral  vein  or  a  blocking  of  the  inferior  or  superior  vena  cava  may 
be  compensated  by  the  establishment  of  abundant  collateral  channels. 
On  the  other  hand,  after  the  blocking  of  the  renal  or  splenic  or  of  a  main 
trunk  of  the  portal  vein,  the  circulation  is  re-established  with  difficulty. 

If  a  collateral  circulation  be  not  at  once  and  readily  established, 
and  often  even  if  this  be  the  case,  local  venous  obstruction  leads  to 
certain  well-defined  changes  in  the  hyper^mic  region.  If  the  obstruction 
be  partial,  the  flow  of  blood  is  slower  than  normal;  the  vessels  are  dilated; 

more  or  less  fluid  may  transude  into  the  surrounding  tissues;  and  dia- 
pedesis  (see  page  86)  of  the  red  blood  cells  may  occur.  On  the  other 
hand,  if  the  obstruction  be  complete  in  a  large  venous  trunk,  the  capil- 

laries and  veins  in  the  involved  region  dilate;  the  axial  stream  of  ery- 
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throcytes  in  the  veins  disappears;  the  entire  lumen  is  crowded  with 
them;  the  blood  pressure  rises;  the  current  wavers,  slows,  and  stops. 
Then  the  red  cells  become  packed  into  a  homogeneous  mass  in  the  dilated 
vessel — this  is  stasis.  Diapedesis  and  transudation  now  occur  in  the 
capillaries  and  veins  of  the  involved  region.  Finally,  if  the  circulation 
be  not  re-established,  haemorrhagic  infarction  (see  page  29)  or  death 
of  the  tissue — necrosis — may  follow. 

If  the  venous  obstruction  be  removed,  as  may  be  done  in  the  tongue 
or  mesentery  of  the  experimental  frog  (see  page  111),  one  may  observe 
under  the  microscope  the  disappearance  of  the  stasis  and  the  re-establish- 

ment of  the  circulation.  The  homogeneous  blood  mass  resolves  itself 
into  its  component  corpuscles;  the  blood  moves  at  first  fitfully  and 
irregularly,  then  the  current  is  established;  the  distention  diminishes, 
and,  after  a  longer  or  shorter  time,  the  part,  if  the  lesion  has  not  been 
too  extreme,  assumes  its  normal  appearance. 

In  passive  hyperaemia  the  tissue  involved  is  more  or  less  dark  red  in 
color — cyanotic — owing  to  the  accumulation  in  the  vessels  of  unaerated 
blood;  the  temperature  may  be  lowered  when  the  area  concerned  is 
extensive;  it  may  also  be  swollen  in  part  from  the  distention  of  the 
vessels,  in  part  from  the  extravasation  of  fluid;  finally,  there  may  be 
pulsation  and  increased  pressure  in  the  veins. 

If  the  hyperaemic  condition  be  long  continued — chronic  congestion — 
the  walls  of  the  involved  vessels  may  become  thickened;  there  may  be 
interstitial  fibrous  hyperplasia  in  the  affected  region;  or  there  may  be 
varying  degrees  of  cell  degeneration  or  of  atrophy.  Thus  function  may 
be  interfered  with  or  suspended. 

In  many  instances  of  diminished  heart  power  or  when  for  any  reason 
the  blood  circulates  with  difficulty  under  favorable  conditions,  the  effect 
of  gravity  may  manifest  itself  in  dependent  portions  of  the  body  or  of 
the  organs,  so  that  these  become  hyperaemic.  This  condition  is  called 
hypostatic  congestion.  The  most  marked  example  of  this  condition  is  in 
the  lungs  of  debilitated  persons,  the  dependent  portions  of  which  fre- 

quently become  engorged  with  blood.  This  is  often  associated  with 
oedema,  atelectasis,  and  more  or  less  cellular  exudate  in  the  air  spaces. 

ANJEMIA. 

The  word  anaemia  is  used  not  only  to  denote  the  lack  of  blood  in  a 
part,  but  also  to  indicate  a  reduction  or  alteration  in  various  constituents 

of  the  blood  itself,  a  condition  familiarly  called  "poverty''  of  the  blood. 
General  anaemia  due  to  impoverishment  of  the  blood  will  be  considered 
in  the  chapter  on  the  Special  Pathology  of  the  Blood  and  the  Blood- 
forming  Organs.  We  are  here  concerned  only  with  local  ancemia — 
ischaemia. 

Local  anaemia  may  be  due  to  the  cutting  off  of  the  blood  supply  by 
the  occlusion  of  the  arteries  in  thrombosis  and  embolism;  by  ligatures; 
by  the  narrowing  of  the  lumen  through  pathological  processes  in  the 
wall  of  the  vessel;  by  tumors,  exudates,  etc.;  by  contraction  of  the 
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vessels  from  nerve  lesions  as  in  Raynaud's  disease;  by  the  action  upon  the 
vessel  of  physical  agents — cold — or  by  chemical  substances  or  drugs 
which  induce  marked  constriction — suprarenal  extract  and  ergot.  Fur- 

thermore, mechanical  pressure  upon  the  vessel  from  without  or  compres- 
sion of  an  entire  organ  or  part  may  induce  various  grades  of  anaemia. 

The  affected  part  or  organ  in  anaemia  becomes  paler  than  normal, 

often  with  a  yellowish  tinge;  the  temperature  is  lowered;  and  the  vol- 
ume may  be  diminished;  finally,  if  the  absence  of  blood  persist,  the 

function  and  nutrition  of  the  involved  part  suffer,  and  atrophy,  fatty 
degeneration  and  death  of  tissue  may  occur. 

If,  however,  the  anaemia  be  only  partial  or  if  it  be  of  short  duration, 
in  some  organs  the  nutrition  may  not  suffer  in  marked  degree;  in  others, 
however,  the  brain,  for  example,  extreme  damage  may  follow  even  a 
temporary  anaemia. 

The  degree,  duration,  and  results  of  local  anaemia  are  largely  dependent 

upon  the  cause  of  the  shutting  off  of  the  blood  supply,  and  the  possi- 
bility of  its  restoration  directly  or  through  the  establishment  of  a  collat- 

eral circulation.  Thus,  for  example,  anaemia  from  compression  or 
from  an  arterial  ligature  may  at  once  resolve  if  the  determining  cause  be 
removed.  But  even  though  an  artery  remain  blocked,  circulation  may 
be  in  a  measure  restored  by  the  dilatation  of  anastomosing  capillaries  or 
by  the  backflow  of  venous  blood  into  the  region  deprived  of  its  vascular 
pressure  from  the  closed  arteries.  While  a  certain  amount  of  fresh 

blood  may  reach  the  affected  region  in  these  ways,  it  is  only  when  anas- 
tomoses exist  between  the  branches  of  the  closed  and  neighboring  arterial 

trunks  that  a  fairly  complete  collateral  circulation  can  be  established. 
For  a  further  consideration  of  this  subject  see  Embolism,  p.  28. 

Haemorrhage  and  Transudation. 

HiEMORRHAGE. 

Haemorrhage  is  an  escape  of  blood  from  the  heart  or  vessels.  It 
may  occur  from  a  rupture  of  the  walls  of  the  vessels,  and  is  then  called 
haemorrhage  by  rhexis.  The  rupture  may  be  occasioned  by  injury,  by 
lesion  of  the  walls  of  the  vessels  which  renders  them  too  w^eak  to  resist 
the  blood  pressure  from  within,  or  it  may  occur  from  the  blood  pressure 
in  the  thin  and  incompletely  developed  walls  of  new-formed  vessels  as  in 
granulation  tissue,  tumors,  etc.  The  arrest  of  haemorrhage  may  take 

place  through  the  contraction  of  the  w^all  of  the  vessel  or  by  the  forma- 
tion of  a  clot. 

Under  other  conditions,  without  recognizable  changes  in  the  vessels, 

all  the  elements  of  the  blood  may  become  extravasated  by  passing,  with- 
out rupture,  through  their  walls.  This  is  called  haemorrhage  by  diape- 

desis.  Such  haemorrhages  are  usually  small,  but  may  be  very  extensive. 
They  occur  in  the  smaller  veins  and  capillaries,  the  cells  and  fluids  of  the 
blood  passing  out  through  the  cement  substance  between  the  endothelial 
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cells.  Although  no  marked  morphological  changes  have  as  yet  been 
detected  which  explain  this  extravasation,  it  is  probable  that  some 
change  in  the  nutrition  of  the  walls  does  occur  which  renders  them  more 
permeable.  Haemorrhage  by  diapedesis  is  apt  to  occur  as  a  result  of 
venous  congestion,  or  when  the  flow  of  blood  in  the  smaller  vessels  has 
been  suspended  for  some  time;  or  it  may  re3ult  from  the  action  of  some 

poison,  or  from  an  injury  not  leading  to  rupture;  or  it  may  occur  in  incom- 
pletely developed  blood-vessels,  in  tumors  and  other  new-formed  tissues. 

In  the  extravasation  of  blood  by  diapedesis  the  white  blood  cells  may 
pass  through  the  walls  of  the  vessels,  partly  at  least  in  virtue  of  their 
amoeboid  movements;  the  red  cells,  on  the  other  hand,  having  no  power 
of  spontaneous  movement,  are,  according  to  Arnold,  carried  passively 
through  the  walls  by  minute  currents  of  fluid  wliich,  under  the  changed 
condition,  stream  in  increased  force  and  volume  through  the  endothelial 
cement  substance  into  the  tissue  spaces  outside. 

The  altered  condition  of  the  blood-vessels  leading  to  haemorrhage  may 
be  local  or  general,  and  in  the  latter  case  it  may  either  be  congenital,  as 
in  some  cases  of  the  haemorrhagic  diathesis,  or  it  may  be  the  result  of 
a  general  disease,  such  as  scurvy,  purpura,  etc.  The  presence  of  bacteria 
in  the  vessels,  or  of  bacterial  or  other  poisons  in  the  blood,  as  in  malig- 

nant endocarditis  and  in  haemophilia  neonatorum,  may  induce  changes  in 
the  walls  of  the  vessels,  leading  to  extravasation. 

Forms  of  Haemorrhage. — Very  small  haemorrhages  are  called  petechice; 
larger,  diffuse  accumulations  of  blood  in  the  interstices  of  the  tissues 

are  commonly  called  ecchymoses  or  siiggillations.  A  complete  infiltra- 
tion of  a  circumscribed  portion  of  tissue  with  blood  is  called  a  hcemor- 

rhagic  infarction.  A  collection  of  blood  in  a  tumor-like  mass  is  called  a 
hcematonia.  Special  names  are  given  to  haemorrhage  in  different  parts  of 
the  body;  thus,  bleeding  in  the  lungs  is  called  hoemoptysis;  vomiting 
blood  from  the  stomach,  hcematemesis;  nosebleed,  epistaxis;  hemorrhage 
from  the  uterus,  metrorrhagia;  certain  forms  of  brain  haemorrhage, 
apoplexy.  In  the  so-called  hwmaturia  the  blood  may  be  derived  from 
either  the  kidney  or  the  bladder.  Sometimes  the  elements  of  the  tissut 
into  which  the  blood  escapes  are  simply  crowded  apart;  sometimes,  as 
in  the  brain,  they  are  broken  down. 

The  extravasated  blood  in  the  tissues  usually  soon  coagulates,  al- 
though exceptionally  it  remains  fluid  for  a  long  time.  A  certain  num- 

ber of  the  white  blood  cells  may  wander  into  adjacent  lymph-vessels,  or 
they  may  remain  entangled  with  the  red  cells  in  the  meshes  of  the  fibrin. 
The  fluid  is  usually  soon  absorbed;  the  fibrin  and  a  portion  of  the  white 
blood  cells  disintegrate  and  are  absorbed  (see  page  59).  The  red  blood 
cells  soon  give  up  their  haemoglobin,  which  decomposes  and  may  be 

carried  away  or  be  deposited  either  in  cells  or  in  the  intercellular  sub- 
stance at  or  near  the  seat  of  the  haemorrhage,  either  in  the  form  of  yellow 

or  brown  granules  or  as  crystals  of  hsematoidin  (see  page  53).  Some- 
times all  trace  of  extravasations  of  blood  in  the  tissues  disappears,  but 

frequently  their  seat  is  indicated  for  a  long  time  by  a  greater  or  less 
amount  of  pigment  or  by  new-formed  connective  tissue.     Occasionally 
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the  blood  mass,  in  a  more  or  less  degenerated  condition,  becomes  en- 
capsulated by  connective  tissue,  forming  a  cyst. 

The  action  of  phagocytes  (see  page  98)  in  the  disposal  of  dead  ma- 
terial is  here,  as  it  is  under  a  great  variety  of  conditions,  an  impor- 

tant factor  in  the  restoration  of  the  body,  after  lesion,  to  its  normal 
conditions. 

HEMORRHAGES    IN   THE    NeW-BORN. 

Haemorrhages,  sometimes  extensive,  in  various  parts  of  the  body — 
gastro-intestinal  canal,  mouth,  nose,  navel,  or  the  viscera — are  not  infre- 

quent in  the  first  few  days  of  life.  Aside  from  the  occasional  discovery 
of  ulcers  in  the  gastro-intestinal  walls,  the  reason  for  these  haemorrhages 
is  not  evident  at  autopsy.  This  condition  has  been  called  morbus  macu- 
losus  neonatorum.  Haemorrhages  from  the  skin,  mucous  membranes, 

or  navel  may  take  place  in  the  syphilitic  new-born.  Haemoglobinuria 
may  occur  in  epidemic  form  in  young  children. 

Hemophilia  {Hoemorrhagic  Diathesis). 

This  abnormal  condition  consists  in  a  liability  to  persistent  haemor- 
rhage on  the  slightest  provocation,  and  is  dependent  upon  some  consti- 

tutional peculiarity  which  is  unknown  to  us.  It  is  usually  hereditary. 
An  uncommon  thinness  of  the  intima  of  the  arteries  has  been  noticed  in 

some  cases  of  ** bleeders,''  and  other  changes  have  been  described;  but 
there  are  no  constant  lesions  associated  with  the  haemorrhages,  as  yet 

discovered,  w^hich  would  satisfactorily  account  for  their  occurrence. 
The  haemorrhages  may  be  traumatic  in  origin,  or  they  may  occur  spon- 

taneously from  the  mucous  membranes. 

TRANSUDATION. 

Transudation  is  the  passage,  through  the  walls  of  the  blood-vessels 
into  the  interstitial  spaces  outside,  of  fluid  from  the  blood,  with  little  or 

no  admixture  of  its  cellular  elements.  This  occurs  constantly,  to  a  cer- 
tain extent,  under  normal  conditions,  and  forms  the  commencement  of 

the  lymph  circulation.  But  when  the  amount  of  fluid  passing  through 
the  walls  of  the  blood-vessels  is  increased,  or  its  outflow  into  the  larger 
lymph  trunks  is  hindered  so  that  it  accumulates  in  undue  quantity  in 
the  interstices  and  lymph  channels  of  the  tissues,  the  condition  is 

pathological.^ An  accumulation  of  transudated  fluid  in  the  interstices  of  the  tissues 

is  called  oedema;  in  the  serous  cavities,  dropsy.  Extensive  oedematous 
infiltration  of  the  subcutaneous  tissue  is  called  anasarca.  If  the  trans- 

udate accumulates  in  the  pleural  cavity  the  condition  is  called  hydro- 
thorax;  in  the  pericardium,  hydropericardium;  in  the  ventricles  of  the 
brain,  hydrocephalus.     In  similar  fashion  various  other  names  are  in 

*  For  a  study  of  lymph  formation  see  Hamburger,  Ziegler's  "  Beitrage  zur  path.  Anat.,"  Bd.  14, 
p.  443,  1893;  for  cedema  see  Meltzer,  Harrington  Lectures,  Univ.  of  Buffalo,  1904;  American  Medicine, 
July  2,  1904;  also  Pearce,  Arch.  Int.  Med.  iii.  422,  1909. 
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common  use  for  the  accumulation  of  transudates  in  the  body  cavities; 
as  hydroperitoneum  (ascites),  hydrarthrosis ^  hydrocele ^  etc. 

Its  occurrence  may  depend  upon  some  hinderance  to  the  venous  circu- 
lation or  increase  of  capillary  pressure,  especially  when  associated  with 

alterations  in  the  walls  of  the  blood-vessels,  or  upon  changes  in  osmotic 
pressure  induced  by  a  reduction  in  the  nutrient  efficiency  of  the  blood, 
by  injuries,  or  in  other  ways  which  may  affect  the  processes  of  filtration 
and  osmosis,  by  which  chiefly,  it  is  believed,  the  normal  transudation  of 
fluids  occurs.  There  is,  furthermore,  strong  and  increasing  evidence  that 
the  endothelial  cells  of  the  capillaries  possess  active  secretory  or  other 
functional  capacities  which  should  be  taken  account  of  in  the  attempt  to 
comprehend  transudation  as  well  as  many  other  pathological  phenomena 
and  lesions.  A  simple  interference  with  the  outflow  of  lymph  does  not 
usually  alone  suffice  to  induce  transudation,  although  it  may  favor  its 
occurrence.  (Edema  may  depend  upon  little  understood  abnormalities 
of  the  nervous  system,  as  in  the  so-called  neuropathic  oedemas. 

The  transuded  fluid,  called  transudate^  is  usually  transparent  and 
colorless  or  yellowish;  it  contains  the  same  salts  as  the  blood  plasma, 
but  less  albumin.  It  may  contain  fat,  mucin,  urea,  biliary  acids,  color- 

ing-matter of  the  bile;  fibrinogen  is  usually  present  in  variable  quantity, 
and,  rarely,  fibrin.  It  may  contain  endothelial  cells  from  the  lymph 
spaces,  and  a  variable  number  of  red  and  white  blood  cells.  The  amount 

of  fluid  w^hich  may  accumulate  in  the  tissue  varies  greatly,  depending 
upon  whether  they  are  loose  or  dense  in  texture.  The  fibres  and  cells  of 
loose  tissues  may  be  crowded  widely  apart;  the  cells  are  apt  to  be  more 
granular  than  normal,  they  may  contain  droplets  of  fluid  or  they  may  be 
atrophied.  Transudates  occurring  in  inflammation  usually  contain  a  con- 

siderable number  of  white  blood  cells  and  more  or  less  fibrin,  and  differ 
in  this  from  the  non-inflammatory  transudations;  but  in  some  cases  there 
is  no  sharp  distinction  between  them.  The  inflammatory  transudates 
are  often  called  exudations  or  exudates. 

Resorption  and  Absorption. 

Under  many  conditions,  both  normal  and  abnormal,  fluids  and  solid 
particles  are  taken  into  the  recesses  of  the  tissues  from  without,  or  are 
gathered  from  one  place  in  the  tissues  to  be  carried  in  the  blood  or 
lymph  currents  or  by  cells  to  other  parts  or  to  places  of  excretion.  Thus 
from  the  intestinal  contents  both  liquid  substances  and  small  solid 
particles,  such  as  fat  droplets,  bacteria,  etc.,  may  be  taken  into  the  body 
fluids.  In  exudative  inflammations,  such  as  pleurisy  or  pneumonia, 
large  quantities  of  fibrin,  red  and  white  blood  cells,  and  fluids  may 
accumulate  in  the  cavities,  to  be  presently  removed.  So  also  dead 
tissue,  blood  clots,  etc.,  and  foreign  bodies  may  be  removed  through 
various  processes  of  resorption. 

The  absorption  of  fluid  substances  or  the  resorption  of  those  which 
are  rendered  soluble  takes  place  through  the  lymph  channels,  as  we 
have  seen,  whence  they  may  be  eliminated  through  the  excretory  organs. 
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Solid  material,  such  as  fibrin,  dead  ceils,  etc.,  may  be  removed  either 
through  the  aetioii  of  fluids  which  render  them  soluble,  lytic  fluids 
(see  p.  1()6),  or  they  may  be  removed  through  the  intervention  of  living 
cells,  phagocytes  (see  p.  98).  These  processes  will  be  considered  in 
detail  in  a  later  section  of  this  book. 

Thrombosis  and  Embolism. 

Thrombosis  is  the  coagulation  of  the  blood  or  the  agglomeration  or 
agglutination  of  the  formed  elements  of  the  blood  into  a  more  or  less 
coherent  mass  during  life.  The  coagulum  or  mass  is  called  a  thrombus 
(Fig.  4). 

Thrombi  may  be  composed  of  fibrin  and  of  red  and  white  blood  cells 
intermingled  in  about  the  same  proportion  as  in  an  ordinary  cxtravascular 

blood  clot  (Fig.  5).  These  are  called  red 
thrombi  and  usually  occur  from  some  sudden 
stoppage  of  the  circulation.  Other  thrombi, 
usually  such  as  form  while  the  blood  is  in 
motion,  may  consist  aimo.st  entirely  of  white 

blood  cells  with  a  little  fibrin,  or  of  these  in- 
termingled with  blood  platelets;  or  they  may 

consist  almost  entirely  of  blood  platelets;  all 
of  these  forms  are  called  white  thrombi.  Red 
thrombi,  when  decolorized  by  changes  in  the 

blood  pigment,  may  somewhat  resemble 
genuine  white  thrombi.  Mixed  thrombi  are 

usually  lamellated  (Fig.  6)  and  contain  vary- 
ing proportions  of  fibrin,  red  and  white  blood 

cells,  and  platelets.  The  fibrin  fibrils  in 
thrombi,  as  elsewhere,  often  coalesce,  forming 
hyaline  masses.  A  similar  change  may  take 
place  in  the  blood  platelets.  Thrombi  may 
consist  almost  wholly  of  red  blood  cells. 

Causes    of    Thrombosis. — Thrombi     may 
occur  as  the  result  of  an  injury  to  the  wall  of 
a   vessel,   or  may  follow   its  compression  or 

dilatation;  they  may  result  from  some  altera- 
tion of  the  wall  of  the  vessel  by  disease,  or  by 

the  retardation  of  the  circulation.     So  long 
as   the   endothelial   lining   of   the   vessels  is 

"'"    '~„y'TnK'iLi^c"'^"''""^     intact,  simple  retardation  of  the  circulation 
The  vc«pi  is  ini.i  orien  f.hciwin^     doj^jj  not  usually  alone  suffice  to  induce  coagu- 

°°"^      '  lation;  but  changes  in  the  endothelium  in  a 
great  variety  of  conditions, such  as  inflammation, degeneration, atheroma, 
calcification,  and  the  pre.-icnce  of  bacteria  or  their  toxins,  tumors,  and 
foreign  bodies,  favor  its  occurrence,  especially  when  associated  with 

changes  in  the  circulation  or  in  the  character  and  contents  of  the  blood. 
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Thrombi  may  ticvclop  from  an  embolus.  Thrombosis  is  a  not  infroquent 
complication  of  the  infectious  diseases  as  well  as  of  the  cachetic  conditions 
associated  with  various  acute  and  chronic  general  diseases. 

One  may  conveniently  class  the  various  determining  causes  of 
thrombosis  into:  1,  those  associated  with  a  slowing  of  the  blood  current; 
2,  those  relating  to  changes  in  the  walls  of  the  blood  channels;  and  3,  those 
involving  such  alterations  in  the  blood  itself  as  favor  coagulation.  These 
factors  are  frequently  associated. 

1.  Disturbances  of  the  circulation 

favoring  thrombosis  are  frequently  do- 
pendent  upon  enfeebled  heart  action,  and 
thrombi  may  then  form  in  the  auricles 
behind  the  valves  or  among  the  trabeculse 
of  the  heart  (Fig.  296),  behind  the  valves 
of  the  veins,  in  the  veins  of  the  lower  ex- 

tremities, in  the  great  venous  sinuses  of 
the  brain,  or  wherever  by  reason  of  ab- 

normal conditions  the  regular  flow  of  the 
blood  is  interfered  with — as  in  aneurisms, 
varices,  etc.  Such  thrombi  are  sometimes 
called  slagnalion  throvibi.  When  forming 
under  marked   asthenic   conditions   they 
arc  called  marantic  thrombi.  In  this  class  F'o-  5.— Pim-noi.  ny  Rbd  Thromhis. 

belong  thrombi  induced  by  pressure  or  ̂ '''"'"""g^^''|'°^g"'^; "'"■'''' ''°'* 
ligature  of  the  vessels. 

2.  Thrombi  associated  with  alterations  in  the  walls  of  the  blood- 

vessels may  follow  mechanical  injuries  to  the  vessels  and  may  be  con- 
servative in  the  control  of  hamorrhage.  The  action  of  various  forms  of 

pathogenic  bacteria  within  or  in  the  vicinity  of  blood-vessels  inducing 
lesions  of  the  walls  is  a  fruitful  determining  factor  in  thrombosis.  This 

is  common  in  acute  endocarditis,  in  septicaemia,  in  various  forms  of  phle- 
bitis, and  in  tuberculosis.  In  chronic  lesions  of  the  walls  of  the  heart 

and  blood-vessels,  associated  with  degeneration  and  necrosis  (atheroma, 
calcification,  etc),  thrombi  may  form.  The  growth  of  tumors  into  the 
blood  channels  affords  favorable  conditions  for  the  development  of 
thrombi. 

3.  The  alterations  of  the  blood  itself  favoring  thrombosis  are  obscure. 
Such  are  the  impoverishment  of  the  blood  in  anaemia,  the  presence  of 
bacterial  toxins  or  of  the  bacteria  themselves  in  various  infectious 

diseases.'  Many  of  the  so-called  marantic  thrombi  are  probably  due  to 
the  presence  of  bacteria  or  of  their  toxins  in  the  blood  or  in  the  walls 

of  the  vessels.  Some  cases  of  "white  swelling"  following  parturition  are 
probably  of  this  natui-e. 

Among  the  less  frequent  alterations  of  the  blood  favoring  thrombosis 
may  be  mentione<l   the   presence   of   ha?moIytic  substances,  as  in  the 

■  For  n  Mudy  of  the  rtli'  nf  mipm-orKnnL.<ms  in  the  fomntion  ot  vpnoii.  Ihmmhi  spc  Jntoicti. 
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transfusion   of   alien   blood   and   the  artificial   introduction   of  certain 
animal  and  vegetable  extracts. 

Forms  of  Thrombi. — Various  forms  of  thrombi,  aside  from  those 
already  described,  have  received  special  names.  Thus  thrombi  are 

called  primary  or  propagated,  depending  upon  whether  they  are  con- 
fined to  the  original  site  of  formation  or  extend  for  some  distance  from 

the  point  of  origin.  Sometimes  such  extension  ia  marked  by  variations 
in  the  color,  density,  and  structure  of  the  extending  thrombus.  A 

secondary  thrombus  is  one  formed  upon  an  embolus  or  a  pre-existent 

thrombus.  A  thrombus  may  be  obstructing  or  parietal;  solid  or  canal- 
ized; simple  or  infective;  it  may  be  arterial  or  venous — all  names  whose 

significance  is  obvious. 

Agglutinative  Thrombi.' — The  recent  studies  on  agglutination  and 
hsemolysis  (sec  p.  171)  have  led  to  the  belief  that  certain  thrombi  occur- 

ring in  infectious  diseases,  as  well  as  under  other  conditions,  may  arise 
from  the  development  of  agglutinative  substances  in  the  blood.  Under 
the  action  of  these  substances  the  red  blood  cells  may,  without  the 
formation  of  fibrin,  clump  together,  leading  to  thrombosis.  Such 
thrombi  are  called  agglutinative  thrombi.  They  have  been  observed 
repeatedly  in  typhoid  fever  and  other  infections.  In  such  masses  of 
agglutinated  red  blood  cells  the  individual  corpuscles  may  not  be  seen, 

■Consult  Fltxnrr.  "On  Thrombi  Composed  of  .4gElu1inatcd  I 



CHANGES   IN   THE    CIRCULATION    OF   THE    BLOOD  27 

the  whole  presenting  a  hyaline  mass.  Thus  may  be  formed  a  variety  of 

the  so-called  hyaline  thrombi.  Welch*  has  suggested  the  probability 
that  under  similar  conditions  leucocytes  also  may  form  agglutinative 
thrombi. 

Hyaline  Thrombi. — Under  a  variety  of  conditions,  but  especially  in 
local  and  general  infections  and  in  intoxications,  there  is  present  in  the 
capillaries  and  in  the  small  arteries  and  veins  a  homogeneous,  translu- 

cent, nearly  colorless  material,  partially  or  wholly  blocking  the  vessels. 
This  hyaline  material,  whose  origin  is  still  in  doubt,  has  in  some  in- 

stances a  staining  reaction  similar  to  fibrin.  In  other  cases  hyaline 
thrombi  are  probably  special  forms  of  agglutinative  thrombi  (see  above) . 

Alterations  in  Ilirombi. — After  a  certain  amount  of  shrinkage  by 
which  the  fluids  iare  squeezed  out  and  the  thrombus  becomes  denser 
and  drier,  the  changes  which  occur  in  it  may  be  either  in  the  direction 
of  degeneration  and  absorption  or  of  organization.  The  leucocytes,  the 
fibrin,  and  the  blood  plates  may  degenerate,  forming  a  granular  material 
which  may  become  infiltrated  with  salts  of  lime,  forming  the  so-called 
phlebolithSy  or  vein  stones.  In  other  cases  the  thrombi  may  soften  and 
disintegrate.  This  softening  may  be  simple  and  the  result  of  fatty  or 
other  form  of  tissue  degeneration,  resulting  in  a  white  or  reddish  or 
brown  grumous  mass,  which  may  resemble,  but  is  not,  pus.  Or,  in  many 
instances,  softening  probably  occurs  through  the  autolytic  processes 
(see  p.  106),  initiated  and  sustained  largely  by  leucocytes.  On  the 
other  hand,  softening  of  the  thrombus  may  be  associated  with  bacteria 

or  other  infectious  material  with  general  suppuration.  In  this  *' puru- 
lent*' or  *' septic '*  softening  of  the  thrombus  the  risk  is  great  of  a  dis- 

tribution of  the  infectious  material  through  the  circulation.  Finally, 
the  thrombus  may  be  replaced  by  a  new  formation  of  vascular  con- 

nective tissue,  itself  disappearing  by  autolysis  or  phagocytosis  as  the 

new  tissue  is  formed.  This  is  called  "organization  of  the  thrombus," 
but  in  reality  the  new  connective  tissue  is  produced,  not  from  the  cells 
of  the  thrombus  itself,  but  from  the  cells  of  the  walls  of  the  affected 
trunk,  from  whose  vessels  the  new  blood-vessels  of  the  thrombus  also 
arise  (compare  page  75).  In  this  way  the  vessel  may  be  completely 
and  permanently  occluded,  or,  more  rarely,  one  or  several  channels  may 
be  established  through  the  new  connective-tissue  mass  (Fig.  7) . 

Effects  of  Thrombosis. — The  consequences  of  thrombosis  vary 
greatly,  depending  upon  the  seat,  size,  and  nature  of  the  thrombus. 
They  are  of  two  classes:  1,  those  depending  upon  the  direct  disturbance 
of  circulation  from  the  occlusion  of  the  lumen  of  the  vessel;  and,  2, 
those  determined  by  the  detachment  of  the  thrombus  or  the  separation  of 
a  part  of  it,  and  the  distribution  of  these  through  the  circulatory  channels 
to  various  parts  of  the  body. 

1.  The  occlusion  of  either  arteries  or  veins  may  be  compensated  by 
the  establishment  of  collateral  circulation.  The  partial  or  total  occlu- 

sion of  an  artery  by  a  thrombus  may  lead  to  local  anaen>ia,  degenera- 
tion, necrosis,  or  infarction  (see  page  29).     The  obstruction  of  a  vein 

»  Welch,  Huxley  Lecture,  Medical  News,  October  18th,  1902,  p.  731. 
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may  lead  to  venous  congestion  and  cedcma,  and  to  various  alterations 
already  considered  under  the  heading  of  Hypenemia. 

For  a  further  consideration  of  thrombosis  of  the  heart  and  separate 
vessels  see  sections  dealing  with  these  organs  in  Special  Pathology. 

2.  Whole  thrombi  or  portions  of  these  may  be  detached  and  carried 

forward  by  the  blood  current,  or,  as  the  result  of  softening  and  disinte- 

gration, detritus,   bacteria,  etc.,   may  be  set  tree   by  unusual  move- 
ment, by  pressure,  or  without  obvious  special  force. 

The  performances  and  effects  of  such  detached  portions  of  thrombi 

will  be  considered  in  the  next  section,  under  embolism.' 

Thrombosis  of  Ltmph-ves.sels. 

Thrombosis  of  the  lymph-vessels  is  of  occasional  occurrence.  The 
thrombus  consists  of  fibrin  and  leucocytes.  It  may  present  forms  and 
induce  changes  in  the  lymph  channels  analogous  with  the  forms  and 
effects  of  thrombi  in  the  blood-vessels. 

EHBOLISH. 

Embolism  is  the  obstruction  of  a  blood-vessel  by  the  arrest  in  its 
lumen  of  some  material  carried  along  in  the  circulating  blood.  The 

mass  causing  the  stoppage  is  called  an  embolun  (Fig.  8).  This  nun- 
be  composed  of  a  great  variety  of  substances.  The  most  common  emboli 
are  detached  portions  of  thrombi,  especially  from  the  heart  valves,  and 

I  For  n  Ibamugh  unci  odmlialilp  roni-iclpnilion  of  Ihr  Buhjrct  of  thromhwix  nm]  pmlxilbni,  vUh 
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these  may  have  atl  the  variety  of  structure  which  thrombi  present, 
Masses  of  bacteria  or  other  animal  or  vegetable  parasites,  fragments  of  the 
heart  valves  and  of  tumors,  droplets  of  fat  from  the  medulla  of  fractured 
bones  (Fig.  9),  parenchyma  cells/  masses  of  pigment,  bubbles  of  air,  etc., 
may  form  emboli.  Embolism  is,  in  a  majority  of  cases,  confined  to  the 
arteries  and  to  the  branches  of  the  portal  vein.  Emboli  after  lodgment 
sometimes  give  rise  to  thrombosis,  which  may  be  very  extensive. 

Effects  of  Embolism — Inf arctton.— The 
changes  which  follow  the  more  or  less  sudden 
and  complete  cutting  off  of  the  arterial  blood 
from  a  part  of  the  body  by  the  lodgment  of  an 
embolus  are  so  variable,  depending  upon  the 
part  of  the  body  affected,  the  character  of  its 
vascular  arrangement,  and  the  possibilities  of 

a  collateral  blood  supply,  that  a  concise  com- 
prehensive description  is  difficult. 

When  the  arterial  blood  current  is  cut  off 

from  the  affected  area,  this  does  not  at  once 
become  bloodless,  because  its  vessels  still  con- 

tain the  residual  blood  and  a  certain  amount 

may  enter  at  least  the  periphery  through  ad- 
jacent capillaries  and  small  veins.  Then  if  the 

involved  region  be  not  too  large  and  the 
plugged  vessels  have  sufficient  anastomoses, 
the  establishment  of  a  collateral  circulation 

may  after  a  time  be  effected.  On  the  other 
hand,  if  the  plugged  artery  does  not  possess 
anastomosing  trunks  or  is  inadequately  sup- 

plied with  these — that  is,  belongs  to  those 
vessels  which  are  called  terminal  aHeries — end 
arteries — the  effects  are  more  marked  and  last- 

ing. There  is  stasis  in  the  vessels;  diapcdesis  of  the  red  blood  cells 
may  occur;  and  while  a  small  amount  of  blood  may  enter  the  periphery 
of  the  involved  region  through  the  capillaries  and  veins  so  that  the 
vessels  here  may  be  markedly  congested,  the  tissues  are  not  sufficiently 
nourished  and  they  suffer  varying  degrees  of  degeneration;  they  may  die 
and  the  whole  central  region  become  necrotic.  This  gradually  developing 
process  is  called  infarction,  and  the  portion  of  involved  tissue  is  called 
an  infarct  (Fig.  10).  The  area  of  infarction  corresponding  to  the  region 

supplied  by  the  occluded  vessel  is  usually  more  or  less  wedge-shaped. 
Infarcts  in  which  the  vessels  are  distended  with  blood ,  with  interstitial 

hsemorrhage  by  tiiapetlcsis  and  more  or  less  necrosis  of  the  involved  area, 
are  called  hceviorrhugic  infarcts  (Fig.  11). 
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Si 

After  a  time  the  infarct  becomes  decolorized  by  diffusion  of  the  dis- 
solved hfemoglobin,  inflammatory  changes  occur  in  its  periphery,  the 

blood   colls  and   involved  tissues   may   undergo   degeneration   and   be 

absorbed,'   and   finally  the  seat  of  the 
infarction  may  be  indicated  only  by  a 
mass    of    cicatricial    tissue,    which    fre- 

quently contains  more  or  less  pigment. 
In  another  class  of  cases,  instead  of 

^  \     an  excessive  distention  of  the  vessels  and 
B  /     an  extravasation  of  blood  in  the  affected 

'^\      region  the  tissue  is  simply  deprived  of 
■   ;      nourishment    and    undergoes    necrosis. The  affected  area  then  sooner  or  later 

Fig.  b.— Fat  Ehbou  in  thb  buiod-       bccomcs  lighter  in  color  from  the  diffu- 
This  followed  bone  trscture.  s'""  °^  ̂ ^^  hffimoglobin,  and  it  IS  then 

called  an  anamic  or  while  infarct  (Fig.  12). 

Inflammatory  changes  may  occur  in  ita  periphery  and  a  new  connective- 
tissue  capsule  form  around  it,  and  the  dead  mass  may  thus  persist  for 
some  time,  or  be  gradually  absorbed  and  replaced  by  cicatricial  tissue. 
In  certain  instances  it  is  believed  that  infarcts  may  be  anaemic  from  the 
beginning  and   not,  as  is  apparently  usually  the  case,  _^ 
as  the  result  of  changes  in  infarcts  which  are  at  first  of 
the  hsemorrhagic  type. 

The  scope  of  this  book  does  not  permit  us  to  con- 
aider  the  somewhat  complicated  and  often  obscure  rea- 

sons why  in  one  case  there  is  hemorrhagic,  in  another 
white,  infarction,  as  a  result  of  embolus. 

If  the  embolic  material  consists  of  or  contains  infec- 

tive substances,  such  as  some  forms  of  bacteria,  in  ad- 
dition to  the  mechanical  effects  of  simple  emboli,  we 

may  have  gangrene,  suppuration,  formation  of  abscesses, 
etc.,  as  the  result  of  the  local  action  of  the  infectious 
material,  even  though  this  may  be  present  in  very  small 
amount. 

The  Location  of  Infarcts. — The  organs  in  which  em- 
bolic infarctions  most  frequently  occur  are  the  spleen, 

kidney,  brain,  lungs;  less  frequently  the  heart,  retina, 
liver,  and  small  intestines. 

Hfemorrhagic  infarction  is  not  liable  to  occur  in  the 
liver  from  emboli  in  the  branches  of  the  portal  vein,  on 
account  of  the  blood  supply  which  may  come  to  the      or  thi  splmn 
affected   region   through   the   branches   of  the  hepatic 
artery.     On  the  other  hand,  embolic  abscesses  from  infectious  emboli  are 
of  not  infrequent  occurrence  here. 

The  lung  Is  supplied  with  blood  through  the  pulmonary  and  the 
bronchial  arteries;  and  the  capillary  network  of  the  pulmonary  tissue 
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13  BO  abundant  that  emboli  in  the  pulmonary  artery,  although  this  is  a 
terminal  artery,  do  not  readily  lead  to  infarction  in  an  otherwise  healthy 
lung.  When,  however,  the  pulmonary  circulation  is  disturbed,  as  in 
certain  forms  of  heart  disease,  hsemorrhagic  infarction  may  follow  em- 

bolism of  the  pulmonary  artery. 
The  arteries  of  the  kidney  and  spleen  are  typical  terminal  arteries, 

and  infarcts  of  these  organs  readily  follow  embolism.  In  the  kidney 
the  infarcts  are  most  commonly  ansemic;  in  the  spleen  both  htemor- 
rhagic  and  apEemic  infarcts  are  formed.  Infarction  in  the  heart  may 
follow  embolism,  but  is  more  commonly  the  result  of  thrombosis  of 
branches  of  the  coronary  artery.     Embolism  of  the  cerebral  arteries  is 

seldom  followed  by  extensive  local  collateral  hypersemia  and  haemor- 
rhage, but  is  more  apt  to  lead  to  cerebral  softening.  Hsemorrhagic 

infarctions  may  occur  exceptionally  in  regions  not  furnished  with 
terminal  arteries,  as  in  the  small  intestines.  Infarction  does  not  follow 
embolism  of  single  arterial  trunks  of  the  arms  and  legs  because  of  the 
ready  establishment  of  a  collateral  circulation. 

The  Sources  of  Emboli. — It  should  be  remembered  that  as  a  rule 
emboli  derived  from  a  vein,  and  then  most  commonly  detached  from  a 
venous  thrombus,  pass  to  the  right  side  of  the  heart  and  are  thence 
driven  into  the  pulmonary  artery,  where,  unless  most  minute,  they  are 

retained,  since  they  cannot  pass  the  pulmonarj'  capillaries.  Emboli 
in  the  left  heart,  the  aorta,  and  the  arterial  system  are  derived  from  the 
pulmonary  vein,  the  left  heart,  the  aorta  or  its  branches  (Fig.  13). 
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Paradoidcal  Embolism. — While  as  a  rule  emboli  follow  the  direction 
of  the  blootl  current,  one  docs  sometimes  find  in  the  arterial  system 
emboli  of  conaiderHble  size  without  being  able  to  locate  their  source  in  the 
pulmonary  vein,  the  left  heart,  or  the  aorta  or  ita  larger  branches. 
Futhennore,  under  these  circumstances  one  may  discover  an  obvious 
source  in  the  systemic  veins.  Since  such  emboli  cannot  pass  the  pulmon- 

ary capillaries  they  must  have  passed  from  the  venous  to  the  arterial 
system  through  an  open  foramen  ovale  into  the  left  auricle,  thence  to  be 
driven  into  the  arteries  (Fig.  13).  This  ia  called  paradoxical  embolism. 

It  is  of  infrequent  occurrence.' 

•o  that  when  th»  embolus.  E.  rula  off  Ihe  blood  from  Ihe  trrrilorj'  »uppli«l  by  it.  thf  involved  ngwn 
beromc^  amrinic  aove  in  the  periphem]  lone  of  congnlion.     This  ia  an  uwrnic  bfarct. 

Retrograde  Embolism.— Sometimes  an  embolus  moves  in  a  direction 
opposite  to  that  of  the  blood  current,  so  that  one  may  iind  in  a  small 
vein  an  embolus  obviously  derived  from  a  larger  vein  or  from  the  right 
heart.  It  has  been  assumed  in  explanation  of  this  occurrence  that 
under  certain  condition.')  in  which  the  venous  blooti  empties  itself  into 
the  right  heart  with  difficulty,  as  in  the  case  of  tricuspid  incompetence, 
there  might  be  an  actual  reversal  of  the  venous  current  on  which  an 
embolus  could  be  conveyed.  It  does  not,  however,  appear  that  such  a 
reflux  of  the  venous  blood  is  possible.  Ribbert-  urges  the  view  that 

while  a  complete  revei-aal  of  the  current  is  improbable  in  a  congested 
vein,  a  pulsation  wave  may  form  with  each  heart-beat  which  could 
gradually   force   the   embolus   toward   the   periphery   along  the   vessel 

I  For  detail'  r>f  unuBuul  roimi  i<\  i-jn\<n\wa  ronsiill  l>ibliogniph)'  in  Zlmh't  "(Icnvml  PHtholofy," 
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wall.     This  retrograde  transportation  of  an  embolus  is  of  rare  oceurrence 
in  the  large  veins,  especially  in  the  inferior  vena  cava. 

The  retrograde  transportation  of  particles  of  tumor  may  give  rise  to 

very  puzzling  phases  of  metastasis. 
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Fat  Embolism. — After  fracture  of  the  long  bones,  fat  from  the 
marrow  may  find  its  way  through  opened  veins  into  the  right  heart  and 
into  the  pulmonary  capillaries  (Fig.  9).  It  may  be  found  also  in  the 
capillaries  of  the  kidneys.  Fat  embolism  of  the  pulmonary  capillaries 

may  be  fatal,  but  in  most  cases  does  not  appear  to  be  of  great  signifi- 
cance. Fat  embolism  of  the  lungs  is  recorded  following  extensive 

fatty  degeneration  of  the  liver  in  phosphorus  poisoning.' 
Emboli  of'  Tumor  Cells. — Clusters  of  tumor  cells  of  considerable 

size  may  enter  the  vessels  through  erosion  of  their  walls  and  may  be 
transported  in  the  blood  current  as  emboli  (Fig.  248,  p.  401).  They  may 
lodge  in  the  trunks  of  large  vessels,  portal  vein,  pulmonary  artery,  etc., 
and  in  addition  to  the  usual  effects  of  embolism  they  may  grow,  forming 
metastatic  tumors. 

Air  Embolism. — It  rarely  happens  in  surgical  operations  that  a  large 
quantity  of  air  enters  an  opened  vein  and  is  aspirated  to  the  right  side 
of  the  heart.  This  may  prove  fatal.  Air  bubbles  may  be  found  mingled 
with  the  blood  in  the  right  heart,  in  the  large  veins  leading  to  the  heart, 
and  in  the  pulmonary  capillaries.  It  was  formerly  believed  that  this 
was  of  not  infrequent  occurrence,  and  the  presence  of  even  small  numbers 
of  air  bubbles  in  the  blood  was  regarded  as  of  extreme  significance. 
The  presence  of  air  in  the  vessels  is  common  in  caisson  disease  (see  p.  11;. 
In  certain  cases  gas  bubbles  in  the  blood  are  due  to  infection  with  a  gas- 

forming  bacterium,  the  Bacillus  aerogenes  capsulatus  (see  p.  289).^ 

Experimental  Study  of  Disturbances  of  the  Circulation. 

One  may  observe  many  of  the  local  disturbances  of  the  circulation  on  the  mesen- 
tery of  the  curarized*  frog.  A  loop  of  the  intestine  is  drawn  out  through  a  lateral 

abdominal  incision  and  laid  over  the  gla^s  window  of  a  Thoma  frog-plate  (see  Fig.  72). 
The  part  should  be  kept  moist  or  irrigated  with  one-half-per-cent.  salt  solution, 
Under  these  conditions  one  may  study  various  phases  of  hyperaemia  and  stasis, 
haemorrhage  by  diapedesis  and  by  slight  injuries  to  the  vessels,  haemorrhage  by  rhexis 
and  the  formation  of  local  thrombi  by  which  it  is  controlled.  By  pressure  on  the 

vessels  various  disturbances  of  the  circulation,  thrombi,  etc.,  can  be  secured.* 
By  drawing  forward  the  tongue  of  the  curarized  frog,  fastening  it  in  extension  on 

the  Thoma  frog-plate  designed  for  this  purpose  (Fig.  72),  and  ligating  one  of  the  large 
lateral  veins,  one  can  induce  interesting  phases  of  passive  hyperemia  and  transudation. 

Kmbolism  may  be  studied  by  the  injection  into  the  arteries  of  small  particles — 
tobacco  seed  in  the  dog,  begonia  seed  in  the  rabbit,  or  poppy  seed — suspended  in 
salt  solution.  These  may  be  injected  forcibly  upward  through  the  crural  artery  into 
the  aorta.  Embolism  of  the  abdominal  viscera,  kidney,  spleen,  etc.,  with  infarction 
may  be  thus  induced. 

'  For  a  study  of  fat  embolism  see  Connell,  Jour.  Am.  Med.  As-sn.,  vol.  xliv.,  p.  612,  1905. 

'For  a  fuller  consideration  of  the  circulatory  disturbances  consult  '*Lea  Processus  G^n^raux," 
Cfianiemesse  and  Podwyssotsky,  1901. 

'  The  commercial  curare  is  so  variable  in  strength  that  it  is  best  to  make  an  aqueous  solution  of 
about  1:1,000  strength  and  test  the  eflfect,  using  just  enough  to  secure  immobility,  and  no  more,  since 
serious  circulatory  disturbances  and  death  of  the  animal  are  readily  induced  with  too  liberal  dosage. 
The  solution — at  first  a  few  drops — is  put  beneiith  the  skin  in  the  dorsal  lymph  sac.  It  is  well  to  give 
a  preliminary  dose  a  few  hours  before  the  use  of  the  animal,  bringing  him  partialis*  under  the  influence 
of  the  drug,  and  to  complete  the  effect  just  before  the  experiment.  Under  these  conditions  the  second 
dose  may  be  ver>'  small  and  thus  untoward  effects  up>on  the  circulation  may  be  avoided. 

*  See  for  a  further  description  of  the  method  of  studying  the  circulation  in  the  living  frog.  p.  111. 



CHAPTER  III. 

REGRESSIVE  TISSUE  CHANGES. 

General  Considerations. 

There  are  three  phases  of  activity  in  the  transformations  of  energy 
which  are  characteristic  of  living  cells.  These  are  nutrition,  reproduc- 

tion, and  functional  activity.  But  while  these  manifestations  of  energy 
are  more  or  less  distinct  as  properties  of  living  matter,  they  are  closely 
interdependent.  It  is  the  suitable  balance  of  these  activities  fixed  by 
prolonged  environment  which  determines  what  we  call  health.  When 
this  balance  is  disturbed  beyond  the  limits  of  physiological  variation,  the 
alterations  which  result  may  be  manifest,  either  in  the  diminution  or  de- 

struction of  tissue  or  in  its  increase  or  new  formation.  In  other  words, 
the  cells  of  the  body,  when  placed  under  conditions  which  seriously 
interfere  with  the  orderly  transformations  of  energy,  may  undergo 
alterations  from  the  normal  which  are  regressive  on  the  one  hand,  or 
progressive  on  the  other. 

We  shall  in  this  chapter  consider  the  regressive  processes  and  their 
effects;  in  the  next  those  which  are  progressive. 

It  is  well  to  remember  that  the  regressive  as  well  as  progressive 
changes  in  the  body  are  not  limited  to  pathological  conditions,  but  form 
a  part  of  the  normal  processes  through  which  growth  is  secured  and 
function  maintained.' 

The  maintenance  of  the  normal  life  and  structure  of  the  cell  is  closely 
dependent  upon  the  conditions  under  which  it  is  placed.  If  there  is 
lack  of  sufficient  or  proper  nutriment;  if  the  waste  products  are  not 
properly  eliminated;  if  deleterious  chemical  substances  either  coming 

from  without  or  formed  by  defective  metabolism — poisons,  toxins,  etc. 
— are  present;  or  if  harmful  physical  agencies  such  as  heat,  cold,  pressure, 
etc.,  are  active;  or,  finally,  if  the  innervation  be  defective,  both  the 
function  and  the  structure  of  the  cell  may  suffer. 

The  functional  changes  of  cells  placed  under  unfavorable  conditions 
are  very  variable  and  often  very  subtle  owing  to  their  complex  and  often 
little  understood  nature,  and  may  be  difficult  of  detection.  These 
functional  changes  may  or  may  not  be  associated  with  structural  altera- 

tions which  are  obvious  on  microscopical  observation.  Cells  may  become 
larger  than  normal  through  increased  functional  activity,  hypertrophy; 

they  may  become  smaller,  atrophy,  under  a  variety  of  conditions  pres- 
ently to  be  considered.  Cells  may  swell  through  imbibition  of  fluid;  they 

may  be  altered  in  shape  from  pressure.     Finally,  they  may  suffer  various 
*  For  a  r^sumd  of  the  relationship  between  normal  and  pathological  regrcssive  process^  see 

Minot,  Middleton  Goldsmith  Lecture  on  "The  Embryological  Basis  of  Pathology,"  Science,  March 
29th.,  1901. 
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changes  in  internal  structure.  Various  products  of  their  metabolisni 
or  of  degeneration  of  their  cytoplasm  may  accumulate  within  them,  or 

substances  may  enter  from  without — degeneration  and  infiltration. 
These  and  other  changes  due  to  an  unfavorable  environment  may 

be  recovered  from  if  not  too  extensive.  But,  on  the  other  hand,  if  the 
damage  be  excessive  the  cell  may  die  and  suffer  disintegration  and 
absorption.  This  death  of  the  cell,  with  subsequent  physical  and 
chemical  changes,  is  called  necrosis. 

It  frequently  happens,  however,  that  the  vitality  of  the  cell  is  not 
at  once  extinguished,  but  that  the  processes  of  life  and  necrosis  go  on 
for  a  time  together,  ending  in  either  its  recovery  or  its  death.  Th;8 
condition  is  called  necrobiosis. 

Xot  all  the  cells  of  the  body  are  equally  sensitive  to  a  deleterious 
environment.  It  is  those  which  are  more  highly  differentiated  for  the 
performance  of  special  functions,  or  those  which  are  more  frequently 
exposed  to  harmful  influences,  which  most  often  suffer. 

Atrophy. 

Atrophy  is  a  diminution  in  tlie  size  of  the  body,  of  organs,  or  of  tissue 

elements.  It  occurs  as  a  physiological  process  in  man  as  well  as  in  cer- 
tain of  the  lower  animals.  Thus  in  man  the  thymus  and  the  umbilical 

vessels  undergo  atrophy  at  an  early  period;  while  in  old  age,  atrophy  of 

the  sexual  organs  and  of  the  tissues  in  general  is  the  usual  mark  of  senil- 

(le^ggiWiiM-'^-J^^ggBg^^B''^ 

Fid.  14.— Athupht  of  Mi«cle, 
This  u  atrophy  from  d»iii-c  of  thr  slruiled  muscle.     OwinK  to  the  muscle  piiKment  which  hu  colterted 

ity.'  On  the  other  hand,  as  a  pathological  proces.s,  atrophy  may  occur 
in  connection  with  disturbances  of  innervation  or  nutrition;  from  disuse 

or  from  pressure;  or  from  the  pi-esence  of  poisons.  Although  it  is  con- 
venient to  name  these  as  phases  of  atrophy,  they  are  not  fundamentally 

distinct.  In  simple  atrophy,  under  whatever  conditions  it  may  occur,  the 
tissue  elements  become  smaller  without  marked  alterations  in  structure, 

'  For  n  Htixlv  o/  the  chungps  in  (hi'  ho<]y  in  <levelu|iment  iid<I  xenilily  wc  the  monnRiaph  of  Mulil- 
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and  may  finally  disappear  altogether.  In  the  majority  of  cases,  how- 
ever, atrophy  of  cells  or  other  tissue  elements  is  not  simple,  but  is  asso- 

ciated with,  and  often  determined  by,  various  phases  of  degeneration — 
degeneralire  atrophy.  The  cytoplasm  of  atrophic  colls  is  often  more 
transparent  than  normal  and  may  contain  an  undue  proportion  of 

pigment. 
An  organ  which  is  the  seat  of  even  extensive  atrophy  of  some  of  its 

The  border  of  the  organ  i^  elongal«<]  Hnr!  libniiiB:  the  nail  Ijladder  a  lung  no'l  dbilattnl. 

cells  is  not  necessarily  diminished  in  size,  but  may  even  be  much  larger 
than  normal.  This  is  the  case,  for  example,  in  amyloid  degenerations  of 
the  liver.  Sometimes  the  atrophy  of  parenchyma  cells  is  accompanied 
by  a  new  formation  of  connective  tissue  so  extensive  as  to  maintain, 
for  a  time  at  least,  the  size  of  the  organ. 

Atrophy  may  be  general  or  local  and  it  hiis  various  phases  which  we 
shall  briefly  consider. 
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General  Atrophj  from  HalnutTition  affecting  the  botly  at  large  may 
occur  as  the  result  of  deficient  nutriment  as  in  starvation,  or  a  failure  to 
assimilate  food,  and  in  various  acute  and  chronic  diseases.  Under  these 
conditions  fatty  and  other  forms  of  cell  degeneration  occur,  with  loss  of 
the  general  adipose  and  reduction  in  size  of  muscle  and  other  body  cells. 

Senile  Atrophy. — As  the  energies  of  life  decline  with  the  advance  of 
years,  the  tissue  and  organs  may  undergo  gradual  and  progressive  atro- 

phy, but  in  varying  degrees.  The  muscle  cells  of  the  heart  are  more 

slender,  and  brown  pigment  may  accumulate  within  them — brown 
atrophy.     The  parenchyma  cells  of  the  liver,  kidney,  and  generative 

glands  and  the  ganglion  cells  become  smaller  and  may  be  more  or  less 
pigmented.  Similarly  the  bones  suffer  atrophic  changes,  becoming 
more  brittle,  and  the  skin  becomes  wrinkled  and  dry.  Senile  atrophy 
may  be  associated  with  significant  sclerotic  changes  in  the  blood-vessels 
and  with  atrophy  of  the  lymph-nodes,  spleen,  and  marrow. 

Atrophy  from  Suependon  of  Functional  Activity — Atrophy  from 
Disuse. — This  is  well  exemplified  in  disused  muscles  or  hones,  as  in  vari- 

ous forms  of  paralysis.  Voluntary  muscles  under  these  circumstances 
become  more  slender,  lo.sc  their  transverse  stri.itions,  and  become 

fibrillar.  Brown  pigment  derived  from  the  disappearing  muscle  sub- 
stance may  gather  tn  ma.sses  in  the  remaining  fibres,  and  the  nuclei  of 

the  sarcolemma  may  be  increased  in  number  (Kig.  14).  The  fibres  may 
finally  disappear  and  may  be  replaced  by  fat  or  fibrillar  connective 
tissue. 

Pressure  Atrophy. — This  is  seen  under  the  ordinary  conditions  of 
modern  life  as  the  result  of  ill-adapted  articles  of  dress,  such  as  corsets, 
which  frequently  induce  very  marked  atrophy  with  distortion  of  the 

liver  (Fig.  15).  But  within  the  body  itself  pressure  from  a  more  vigor- 
ously growing  tissue  may  induce  atrophy  of  an  adjacent  part.     Thus, 
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tumors,  cysts,  act-uniulations  of  fluids  in   various  cavities,  anourirtniM, 
degeneration  of  blood-vessels  (Fig.  10),  etc.,  may  load  to  local  atrophy. 

Neurotic  Atrophy. — While  it  is  difficult  to  (iissociate  the  direct  tro- 
phic influence  of  the  nerves  upon  tissues  from  the  accompanying  loss  of 

function  and  interference  with  vascular  supply,  there  ap(«'ar  to  he 
cases  of  atrophy  from  neurotrophic  influences.  Atrophy  of  one  side  of 
the  face  in  lesions  of  the  trigeminus  and  in  certain  cerebral  lesions, 
wasting  of  the  associated  muscles  in  destruction  of  the  anterior  c 
of  the  spinal  cord,  are  examples. 

Degeneration. 

ALBUmnOUS  DfiOEnERATION  (Cloudy  Swelling,  Parenchymatous 
Degeneration,  Acute  Degeneration,  Granular  Degeneration). 

Under  a  variety  of  conditions  in  which  there  is  a  di.stuHiance  of  cell 
metalx)lism,  hut  especially  often  in  infectious  diseases  and  in  intoxica- 

tions when  poisonoua  substances  come  in  contact  with  the  tissues,  the 
cells  of  the  body  show  an  accumulation  in  the  cytoplasm  of  albuminous 
granules,  of  various  sizes  and  forms.  While  bacterial  toxins  are  common 
excitants  of  this  change,  other  vegetable  toxins,  such  as  abrin  and  ricin. 
or  mineral  poisons,  corrosive  sublimate,  may  induce  it.     This  is  a  type  of 

'i- 

cell  degeneration  which  is  so  often  assoeiateil  with  infectious  diseases 
and  certain  phases  of  inflammation  that  it  is  sometimes  regarded  as  a 
part  of  the  inflammatory  process.  The  cells  in  this  condition  are 
usually  swollen  and  are  more  opaque  than  normal,  the  nuch-us  being 
Usually  somewhat  concealed  in  the  granules  when  tliese  are  numerous 
(Fig,  17).  The  albuminous  granules  in  the  cells  are  soluble  in  dilute 
Metic  acid,  but  not  in  ether,  being  thus  distinguished  from  fat. 
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While  all  the  cells  of  the  body  are  subject  to  this  phase  of  proto- 
plasmic degeneration,  it  is  most  pronounced  and  frequent  in  the  paren- 

chyma cells  of  the  liver  and  kidney,  in  muscle,  in  epithelial  cells  of  the 
mucous  membranes.  These  are,  it  will  be  seen,  cells  which  have  a  large 

amount  of  cytoplasm  and  in  which  metabolism  is  active  and  the  exi- 
gencies of  nutrition  are  imperative.  The  alterations  in  the  ganglion 

cells  of  the  central  nervous  system  in  infectious  diseases  and  in  various 
forms  of  intoxication  are  somewhat  different  from  those  occurring  in 
other  parenchyma  cells  and  will  be  described  in  the  section  devoted  to 
the  Brain  and  Spinal  Cord. 

Cells  in  a  condition  of  albuminous  degeneration  may  return  to  their 
normal  state,  they  may  become  fatty,  or  they  may  die,  become  necrotic, 
and  disintegrate. 

The  liver,  kidney,  muscle,  mucous  membranes,  etc.,  when  in  this  con- 
dition, are  often  swollen  and  in  gross  appearance  more  opaque  and  gray 

than  when  normal. 

The  exact  chemical  nature  of  this  degenerative  process  is  obscure 
and  will  doubtless  remain  so  until  we  know  much  more  than  we  now 

do  of  cell  structure  and  cell  metabolism.^ 

Technique. — The  microscopical  study  of  this  lesion  is  best  made  in  fresh  frozen 
sections  of  the  tissue,  by  the  rapid  formalin  method,  page  1028;  or  in  fresh  tissue  teased 
in  one-half-per-cent.  salt  solution. 

FATTY  DEGENERATION  AND  FATTY  INFILTRATION. 

General  Considerations. 

It  should  be  remembered  that  besides  the  occurrence  of  fat  cells  in 

fat  tissue  and  in  the  interstitial  tissue  of  various  organs,  the  accumulation 
of  fat  in  certain  epithelial  cells  is  physiological,  as  in  the  functional 
processes  of  the  mammary  and  sebaceous  glands.  In  the  involution 

of  the  uterus — also  a  physiological  process — extensive  fatty  metamor- 
phosis of  cell  protoplasm  occurs. 

It  is  customary  and  convenient,  in  considering  the  abnormal  accu- 
mulation of  fat  in  the  tissues,  to  assume  that  in  one  set  of  cases — fatty 

degeneration — the  fat  is  formed  by  a  retrograde  metamorphosis  or  degen- 
eration of  the  proteid  elements  of  protoplasm,  a  process  by  which  the 

integrity  and  capacity  of  the  cell  are  compromised,  while  in  the  other — 
fatty  infiltration — it  may  l)e  due  to  a  simple  accumulation  in  the  cell  of 
fat  formed  eleswhere — a  condition  of  less  significance. 

The  validity  of  this  assumption  has  of  late  been  called  in  question. 
It  involves  in  large  measure  the  solution  of  the  physiological  problem 
whether  normally  the  fat  in  the  body  is  formed  from  proteids  or  from 
carbohydrates.  Concerning  this,  many  experiments  and  much  argument 

have  been  made;^  but  it  appears  not  yet  to  be  solved.     The  traditional 
*  For  a  study  of  albuminous  degeneration  see  Albrecht,  Verb,  Deutsch.  Path.  Ges.,  Bd.  vi.,  p.  63 

1903. 

*  For  a  critical  summary'  of  this  question  see  Taylor,  American  Journal  of  the  Medical  Sciences, 
vol.  cxvii.,  p.  569,  1899.  For  a  study  of  the  r61e  of  soluble  soaps  in  formation  of  fat  in  cells  see  Klots, 
Jour.  Exp.  Med.,  vol.  vii,,  p.  670.  See  also  ref.  to  Albrecht,  foot-note  above.  For  a  study  of  myelo- 

genous substances  in  cells  see  Albrecht,  Verb.  Deutsch.  Path.  Ges.,  Bd.  vi.,  p.  95,  1903. 
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distinction  between  fatty  defeneration  ami  fatty  infiltration  will  there- 
fore l>e  made  here,  with  such  modifications  and  rpsenT  as  are  fitting  in 

view  of  our  lack  of  knowledge. 

There  is  apparently  a  certain  amount  of  fat  or  closely  related  nuh- 
stances  in  the  cytoplasm  of  many  cells  not  demonstrable  morphologically. 
Similarly  there  ia  fat  in  the  blood  which  may  l>e  conveyed  to  cells. 
Under  normal  conditions  these  forms  of  fat  enter  into  the  metaboli.sm  of 

the  cells  and  arc  used  up. 

We  might  perhaps  wisely  adopt  the  conception  of  Riblx-rt  that  fatty 
degeneration  is  a  condition  in  which  the  involve<l  cells  are  so  damaged 
through  various  harmful  agencies  that  the  fat  which  they  may  normally 
contain,  but  which  is  invisible  in  their  cytoplasm,  or  fat  taken  into  the 
cell  from  without,  or  fat  formed  in  the  cell  metabolism,  is  not  properly 
metamorphosed — burned — but  accumulates  in  droplets  in  the  cell 
body. 

Fatty  D eo ex e ration. 

In  fatty  degeneration  there  is  an  accumulation  of  larger  and  smaller 
droplets  of  fat  in  the  cell,  sometimes  so  slight  as  to  \w  scarcely  visible, 
sometimes  so  great  as  largely  to  replace  the  protoplasm,  crowding  the 
nucleus  to  one  side.  These  strongly  retractile  fat  droplets  are  not 

changed  by  dilute  acetic  acid.     They  are  soluble  in  ether,  and  when  fn^sh 

are  stained  black  by  osmic  acid  (Fig.  18)  or  red  (Fig.  1!))  by  Sudan  III 
or  Scharlach  R  (see  technique  below).  Not  infrequently,  feathery  clus- 

ters of  delicate  fat  crystals  are  present  in  the  cells.  Cells  in  exces- 
sive fatty  degeneration  may  disintegrate,  forming  an  oily  detritus  in 

which,  especially  when  much  moisture  is  present,  eholesterin  crystals 
may  form  by  decomposition  of  the  fat. 

To  the  naked  eye,  organs  in  a  condition  of  marked  fatty  degeneration 
are  usually  larger  and  softer  than  normal,  have  a  grayish-yellow  color  or 
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are  mottled  with  yellowish  streaks  or  patches,  and  the  normal  markings 
of  cut  surfaces  arc  more  or  less  obscured. 

P'atty  degeneration  may  be  associated  with  or  maj-follow  albuminous 
degeneration  and  may  occur  under  similar  general  conditions,  as  in 
infections,  poisoning,  etc.  It  is  often  associated  with  the  processes  of 
necrosis  and  disintegration  in  dead  cells  and  dead  tissue.  It  may  be 
due  to  local  or  general  disturbances  of  nutrition,  from  a  great  variety  of 

causes — disturbances  which  either  directly  affect  the  life  processes  of 

the  cells  themselves  or  which  produce  alterations  in  their  nutritive  sup- 
ply. In  addition  to  its  local  occurrence,  as  a  result  of  local  disturbances 

of  circulation  in  the  vicinity  of  infJamnmlions  or  in  tumors,  etc.,  it  is 
apt  to  occur  in  the  liver,  heart  muscle,  and  kidney  in  chronic  exhausting 
diseases  and  in  conditions  and  diseases  to  which  profound  anfcmia  is  in- 

cident, in  senility,  or  as  the  result  of  the  action  of  certain  poisons,  such  as 
phosphorus  and  arsenic. 

The  function  of  the  cell  in  fatty  degeneration  may  Ix'  greatly  impaired, 
as  in  fatty  degeneration  of  the  heart  muscle.  On  the  other  hand,  in  the 
liver  and  kidney,  the  function  of  the  organ  may  not  apparimtly  suffer  even 
with  marked  degrees  of  the  lesion.  The  cell  may  recover  if  the  lesion 
be  not  too  profound. 
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Fatty  I x filtration. 

This  is  of  common  occurrence  under  normal  its  well  as  pathological 
conditions.  The  fat  ia  believed  to  originate  outside  of  the  cells,  accumu- 

lating in  them,  and  inducing  a  passive  atrophy  of  the  eytophism.  Cellji 
in  a  condition  of  abnormal  fatty  infiltration  are  scarcely  to  be  distin- 

guished morphologically  from  those  involved  in  fatty  degeneration. 
The  presence  in  the  cells  of  large  or  small  droplets  of  fat,  without  marks 

of  degeneration  in  the  remaining  protoplasm,  has  Ix-en  regarded  as 
distinctive  of  infiltration. 

In  some  phases  of  fatty  infiltration,  as  in  the  heart  (Fig.  'HI)  or  the 
pancreas  for  example,  the  fat  accumulates  in  the  cells  of  the  interstitial 

connective  tissue  in  a  manner  identical  with  that  in  which  the  normal 

panniciiius  adiposus  is  formed.  The  heart  musch-s  or  the  gland  cells  are, 
under  such  conditions,  affected  secondarily  through  pre.-^sure  atrophy 
from  the  accumulated  fat.  It  should  be  remembered  that  fatty  infiltra- 

tion and  fatty  degeneration  may  occur  simultaneuu.sly.  When  fat.  pro- 
duction or  fat  storage  is  largely  in  excess  of  fat  consumption  from  eithc-r 

local  or  general  causes,  the  condition  is  called  liponiatii'iis  or  liposin.' 
Hyellnic  Degeneration.^During  autolysis  of  cells  and  under  c<Ttain 

other  conditions  associated  with  fatty  degeneration  and  infiltration  there 
appear  irregular,  double  contoured,  doubly  refractive  globules  or  masses, 
swelling  up  in  water,  soluble  in  alcohol  and  ether.  The  chemical  nature 
of  these  so-called  myelin  bodiei  is  as  yet  not  clear,  hut  they  are  regarded 

■  Fora  Atudy  of  lipoinat4MB  with  bibl,  se^  Li/on.  Arrh.  of  Inl.  Mp*!.,  l^JO,  vj,  ill. 
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as  lipoid   bodies,  allied  to  soaps,  in  which  the  fatty   acid  essentially 
concerned  is  oleic  acid.^ 

Technique. — Fatty  tissues  may  be  teased  fresh  in  salt  solution;  or  they  may  be 

hardened  in  Fiemming's  osmic-acid  solution  (see  page  1030)  in  preparation  for  section- 
ing. Hardening  in  Orth's  fluid  and  afterward  in  alcohol  gives  good  results  if  the 

lesion  be  extensive.  In  tissues  which  have  been  soaked  in  alcohol  without  previous 
fixation  of  the  fat,  the  latter  is  no  longer  present,  its  former  seat  being  indicated  by  clear 

spaces  filled  with  the  mounting  medium.  Fat  crystals,  how^ever,  often  persist  after 
prolonged  soaking  in  alcohol. 

Sudan  III  and  Scharlach  R  are  valuable  stains  for  fat,  the  fat  taking  on  an  orange 
or  red  color.     The  following  method  is  recommended  for  this  purpose. 

Smears  of  exudates,  scrapings,  etc.,  may  be  made  on  a  slide  and  fixed  in  from  five 
to  ten  minutes  in  the  vapor  of  formaldehyde.  Stain  in  a  saturated,  filtered,  seventy- 
per-cent.  alcohoHc  solution  of  Sudan  III  for  fifteen  to  twenty  minutes.  Wash  quickly 
in  fifty-per-cent.  alcohol  and  transfer  to  water.  Counterstain  in  hsematoxylin  or 
methylene  blue.  Mount  in  glycerin.  Herxheimer'  recommends  the  solution  of 
Scharlach  R  to  saturation  in  equal  parts  of  acetone  and  seventy-per-cent.  alcohol, 
differentiating  in  seventy-per-cent.  alcohol. 

Sections. — Frozen  sections  of  fresh  tissue  or  tissue  hardened  in  formalin  are  placed 
for, a  few  seconds  in  fifty-per-cent.  alcohol.  Stain  for  fifteen  minutes  or  longer  in 
Sudan  III  or  Scharlach  R.  Wash  quickly  in  fifty-per-cent.  alcohol.  Rinse  in  water. 
Counterstain  in  haematoxylin.  Mount  in  glycerin.  Conduct  the  stainings  in  covered 

dishes  to  avoid  a  precipitation  of  the  stain  by  evaporation.' 

GLYCOGEN  INFILTRATION. 

Glycogen  appears  under  abnormal  conditions  in  the  cells  as  hyaline, 
mostly  globular  masses  of  varying  size  (Fig.  21).     It  is  soluble  in  water, 

is  stained  brownish-red  by  iodine, 
and  does  not,  like  amyloid,  as- 

sume a  greenish  color  by  further 
addition  of  sulphuric  acid.  In 
diabetes  it  may  occur  in  large 

quantities  in  the  liver  cells  and 
in    the    epithelial    cells    of    the 

Fig.  21.— CiLycogen  Infiltration  of  UriuifcrOUS    tubulcS,    especially   in Epithelial  Cells.  ,  r      tt       i    >       i  j      • 

The  droplete  of  glycogen  are  stained  with  iodine.       ̂ ^^^C     of     Heule  S     loop,     and     IH 
leucocytes.  It  may  be  found  in 

fresh  pus  cells,  in  the  cells  of  various  forms  of  tumors,  and  in  leucocytes 
in  the  blood  in  leukaemia,  in  chronic  diseases  of  the  gastrointestinal  tract 
in  children,  and  in  various  acute  and  chronic  diseases. 

Technique. — If  the  tissue  to  be  examined  for  glycogen  be  fresh,  the  iodine  should 

be  used  in  solution  in  glycerin  (equal  parts  of  Lugol's  solution  and  glycerin),  in  order 
to  avoid  its  solution.  If  specimens  are  to  be  hardened,  this  should  be  done  in  absolute 
alcohol  to  avoid  the  solution  of  the  glycogen.  Sections  may  be  stained  with  picro-acid 

fuchsin  (Van  Gieson's  stain)  or  with  a  dilute  solution  of  iodine  in  alcohol  (tincture 
iodine  1  part,  absolute  alcohol  4  parts);  cleared  up  and  studied  in  oil  of. origanum. 

'  For  a  study  of  myelins  and  myelin  bodies  occurring  in  fatty  degeneration  and  otherwise  sec 
Adami  and  Aschoff,  Proc.  Roy.  Soc.  B.,  vol.  Ixxviii,,  1906. 

2  Herxheimer,  Cbl.  .\llg.  Path.,  Bd.  xiv..  p.  S41,  1903. 
'For  method  of  staining  fat-acid  crystals  see  Mallory  and  Wright's  "Path.  Technique,"  1904, 

p.  ."^SS. 
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SEROUS  HTFILTRATIOIf  OF  CELLS  (Hrdropic  Degeneradon,  Vacuolization). 

Under  many  pathological  comiitions,  cells,  espeeiaily  those  of  mucous 
membranes,  glands,  muscles,  tumors,  etc.,  contain  one  or  more  larger  or 
smaller  droplets  of  clear  fluid  (Fig.  22).  The  cell  may  thus  be  distended. 

These  droplets  are  usually  extra-nuclear  and  may  crowd  the  nucleus  to 
one  side  of  the  cell.  The  nature  and  source  of  this  accumulated  fluid  are 

not  definitely  known.  Its  transparent  appearance  in  the  granular  pro- 

toplasm has  given  rise  to  the  term  "vacuole."  It  may  be  associated 
with  general  tissue  cedema,  with  inflammatory  and  degenerative  proc- 

esses, etc. 

Mucous  and  Colloid  Degeneratioa. 

There  is  a  group  of  elosely  related  translucent  glyco-proteid  substan- 
ces which  it  was  formerly  thought  practicable  to  distinguish  by  simple 

chemical  tests  especially  relating  to  solubility.  Among  these  are  the  so- 
called  mucins  and  colloid.     The  simplicity  of  the  earlier  distinction  has, 

however,  not  been  justified  by  more  modern  research,  so  that  the  separa- 
tion of  mucoid  and  colloid  degeneration  along  the  old  lines  does  not 

express  very  definite  chemical  knowledge.  It  will,  however,  be  con- 
venient, while  awaiting  light  from  the  chemist,  to  maintain  the  old 

distinctions  between  mucous  and  colloid  degeneration,  unstable  as  are 
the  foundations  on  which  they  rest. 

H0CO1IS  DEGEIfERATIOH. 

Mucous  degeneration  may  occur  in  cells  or  in  intercellular  substance. 
When  occurring  in  cells  it  consists,  under  pathological  as  under  normal 
conditions,  of  the  transformation  of  the  protoplasm  into  a  translucent, 

ropy,  semi-fluid  material,  occupying  more  space  than  the  unaltered  pro- 
toplasm and  hence  causing  a  swelling  of  the  ceils  (Fig.  23).  The  dis- 

tention of  cylindrical  epithelium  by  the  accumulation  of  mucin-containing 
substances  in  the  outer  portion  of  the  cell,  with  the  crowding  of  the  nu- 

cleus and  the  remnant  of  the  cytoplasm  toward  the  base,  often  gives  the 
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cells  the  shape  of  a  goblet  or  beaker  (Fig.  24).  Hence  the  name  "  beaker 
cells,"  often  applied  to  them.  This  appearance  is  especially  well  marked 
when  the  mucinogenous  contents  of  the  cell  have  been  discharged  from 
the  free  end. 

Mucins  may  collect  in  small  transparent  droplets  within  cells  or  may 

so  distend  them  as  to  form  a  globular  body  with  a  scarcely  visible  rem- 
nant of  nucleus  or  cytoplasm.  The  cells  may  be  totally  destroyed  by 

the  accumulation  of  the  mucinous  material  within  them.  This  new- 

formed  material  contains  mucin  in  solution,  which  is  pi-ecipitated  by 
acetic  acid  and  by  alcohol.     It  swells  up  in  water  and  is  readily  stained 

by  thionin.  It  occurs  under  a  variety  of  conditions,  sometimes  as  an 
abnormal  increase  of  a  normal  function  of  cells,  as  in  many  catarrhs, 
sometimes  as  an  entirely  abnormal  transformation. 

In  certain  cases,  as  in  many  tumors,  in  cartilage,  bone,  and  other 

tissues,  the  intercellular  substance  may  undergo  convci-sion  into  mucin- 
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containing  material,  losing  almost  entirely  its  original  structure  (Fig. 
25).  The  cells  in  such  cases  may  be  affected  only  secondarily  by  the 

pressure  which  the  new-formed  material  exerts  upon  them. 

Technique. — Tissues  should  be  hardened  in  Orth's  fluid  or  formalin  followed  by 
alcohol;  the  sections  are  stained  with  picro-acid  fuchsin  or  with  haematoxylin,  which 
colors  the  mucin-containing  portions. 

COLLOID  DEGENERATION. 

This  is  very  closely  allied,  both  in  chemical  and  morphological  char- 
acters, to  mucous  degeneration,  and  in  many  cases  there  is  no  definite 

microscopic  distinction  between  them.  But  colloid  material,  which  is 
normally  present  in  the  thyroid,  is  firmer  and  more  consistent  than 
mucinous,  does  not  yield  a  precipitate  on  addition  of  acetic  acid  or 
alcohol,  and  its  formation  is  usually  confined  to  cells;  not  involving 
intercellular  substance,  except  by  an  atrophy  which  its  accumulation 
sometimes  induces.  The  cells  may  contain  larger  and  smaller  droplets 
of  colloid  material,  or  the  latter  may  nearly  or  entirely  replace  the  proto- 

plasm and  accumulate  to  such  an  extent  as  to  cause  rupture  and  destruc- 
tion of  the  cell.  In  this  way,  and  by  the  atrophy  of  intercellular  sub- 

stance which  its  accumulation  causes,  cysts  may  be  formed  containing 
colloid  material  and  cell  detritus.  Colloid  material  accumulates  fre- 

quently in  "the  thyroid  gland.  A  material  resembling,  if  not  identical 
with,  colloid  is  occasionally  seen  in  the  form  of  homogeneous  globules 
in  the  tubules  of  kidneys  which  are  the  seat  of  other  lesions,  in  the 
hypophysis,  and  in  various  tumors. 

Technique. — Tissues  should  be  hardened  in  formalin  or  Orth's  fluid,  and  stained 
with  picro-acid  fuchsin. 

Hyaline  Substances. 

Under  a  variety  of  conditions  there  are  deposit2d  in  the  tissues  homo- 
geneous proteid  substances  whose  origin  and  nature  are  still  obscure. 

Sometimes  they  are  very  abundant  and  seriously  interfere  with  the 
function  of  the  organs  in  which  they  occur.  But  frequently  they  are 
present  in  small  amount  and,  with  or  without  association  with  other 
processes,  seem  to  be  of  slight  importance.  While  some  of  these  are 
characteristic  in  appearance  and  in  the  conditions  under  which  they 
occur,  and  give  definite  gross  and  micro-chemical  reactions,  others  seem 
at  present  to  have  no  definite  reactions  and  appearances,  except  the 
homogeneous  character  which  they  all  share. 

One  of  these  substances,  amyloid j  can  be  definitely  differentiated  by 
its  appearance,  color  reactions,  and  the  conditions  under  which  it  occurs. 
Another,  hyaline  substance ^  while  less  individualized  than  amyloid,  is 
conveniently  considered  for  the  present  as  a  definite  material.  The 
remainder  of  the  homogeneous  substances  cannot  be  classified  now  and 
are  probably  of  diverse  origin  and  composition. 
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HYAtDTE  DEGEHERATIOff. 

This  is  the  transformation  of  tissues  into  a  transparent,  glassy  sub- 
stance, much  resembling  amyloid  in  its  morphological  characters  (Fig. 

2(i);  but  which  docs  not  give  the  micro- chemical  reactions  of  amyloid, 
and  appears  under  different  conditions. 

Hyaline  substance  is  resistant  to  the  action  of  acids,  and  stains 

readily  with  acid  fuchsin  and  eosin.  It  occui-s  especially  in  the  walls  of 
the  smaller  blood-vessels  in  various  parts  of  the  body,  in  voluntary 
muscle  fibres,  and  sometimes  involves  interstitial  tissue.  It  occurs  in 

the  thyroid,  the  brain,  the  reticular  tissue  of  lymph-nodes,  and  in  the 

ovaries;  in  the  membrana  propria  of  the  tubules  of  the  kidney  and  in 

Bowman's  capsule;  in  the  walls  of  aneurisms,  in  the  lesions  of  diphtheria, 
tuberculosis,  and  syphilis;  in  the  hyaloid  membrane  and  vessels  of  the 
eye,  and  elsewhere.  It  occurs  in  the  unstriated  muscle  fibres  in  infection 
of  the  uterus  during  pregnancy  (Fig.  27).  It  is  believed  that  fibrin, 
blood  plates,  and  leucocytes  may  undergo  hyaline  degeneration,  and  in 
the  form  of  so-called  hyaline  thrombi  this  substance  may  block  the 
capillaries  in  many  infectious  diseases — typhoid  fever,  pneumonia, 
diphtheria,  pyemia,  etc. — and  under  other  conditions  (see  p.  27). 

Hyaline  substance  is  not  uncommon  in  coarse  trabeculie  or  in  masses 
as  an  apparent  modification  of  fibrin  in  inflammatory  exudates  and  in 

thrombi.     Hyaline  casts  are  common  in  the  kidney  tubules.' 

Tkchnhjue. — Hardeninjt  in  alcohol,  Orth's  fluid,  or  formalin.  Staining  by  piero- add  fuchsin  or  by  hematoxylin  and  eosin. 

AMYLOID  DEGENERATION  (Waxj  oi  Lardaceous  Degeneration). 

This  is  a  process  by  which  the  basement  subslancc  of  various  forms 
of  connective  tissue,  and  especially  the  walls  of  the  blood-vessels,  become 

'  {'nnniitt  For  bililuiKiBphy  of  Htiiclipi  un  hyHline  d^pnprBlUin  Lubartrli  nnd  Otiertne''  "  ErgeboBse 
ilpr  ullK.  pulh.  Morvliologir  unil  Physiulugir."  tlr..  Jahix.  i.,  A))lh.  i.,  IWtS.  p.  210. 
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swollen  and  thickened  by  their  conversion  into  a  translucent,  firm, 

glassy,  colorless  material,  albuminous  in  character.  For  the  micro- 
chemical  reactions  of  amyloid  substance  see  below  under  Technique. 
This  albuminous  material  may  be  present  in  the  tissues  in  such  small 
amount  as  to  be  recognizable  only  under  the  microscope,  or  it  may  be  so 
abundant  as  to  give  a  very  characteristic  appearance  to  the  tissue. 
Parts  in  which  the  lesion  is  marked  are  usually  enlarged,  and  some  organs, 
the  liver,  for  example,  may  reach  a  very  large  size.  Affected  parts 
contain  less  blood  and  feel  harder  than  normal,  and  have  a  peculiar 

Fio,  3S.— Amtloid  Duskneratcon  of  Capillart  BLooD-vEsaiu  of  a  UlouerL'lus  of  thb  Kidnbt. 
The  wsiy  vesseb  are  sUioeil  pink  with  methyl  violet. 

shining  and  translucent  appearance  which  varies  in  character,  depending 
upon  the  extent  and  distribution  of  the  degenerated  areas  and  upon  its 
association  with  other  lesions,  such  as  fatty  degeneration.  It  most 
frequently  occurs  in  the  smaller  arteries  and  capillaries  (Fig.  28) ,  whose 
lumen  is  encroached  upon  by  the  thickening  of  the  walls  which  the 

process  involves.  It  is  usually  the  media  and  interniediarj'  layers  of 
the  intima  which  are  earliest  and  most  extensively  affected.  The  change 
also  often  occurs  in  the  interstitial  connective  tissue  and  membrance 

proprise  of  organs  and  in  reticular  connective  tissue.  It  does  not  affeet 
the  parenchyma  cells  of  organs.  These,  however,  frequently  undergo 
atrophy  as  the  result  of  pressure  from  the  swollen,  degenerated  tissue. 

It  is  not  yet  known  whether  amyloid  degeneration  is  due  to  a  direct 



50  REGRES8IVE    TISSUE    CHANGES 

transformation  of  the  tissue,  or  is  an  infiltration  by  some  abnormal 
material  formed  elsewhere  antPbrought  to  it,  or  is  derived  from  the  blood. 

Amyloid  degeneration  occurs  most  frequently  and  abundantly  in 
the  liver,  spleen,  kidneys,  intestinal  canal,  and  lymph-nodes;  but  it  may 
occur,  usually  in  a  less  marked  tloffree,  in  other  parts  of  the  body:  in 
the  larger  blood-vessels,  in  the  interstitial  tissue  of  the  heUrt  and  mucous 
membranes  of  the  air  passages,  and  in  the  generative  organs.  It  may 
occur  locally  or  appear  in  various  parts  of  the  body  at  once.  It  most 

frequently  occurs  in  connection  with  severe  wasting  diseases,  particu- 
larly in  those  involving  chronic  suppuration  and  ulceration,  especially  of 

the  bones.  It  is  common  in  tuberculosis,  syphilis,  and  the  cachectic  con- 
dition induced  by  malignant  tumoi-s,  and  is  occasionally  seen  in  severe 

malarial  infection,  dysentery,  and  leukseniia.' 

TKCHNiguE.^For  microscopical  examination,  the  tissue,  either  fresh  or  after  pres- 
ervation, should  be  cut  into  thin  sections,  and  these  deeply  stained  with  one-per-cent 

aqueous  solution  of  methyl  violet;  the  sections  are  washed  in  water  and  mounted  in 
glycerin.  The  differentiation  between  the  amyloid  and  other  part*  is  more  distinct  if, 
after  staining,  the  specimen  he  dipjiei  for  an  instant  in  HCl  and  alcohol  1  :  100,  and 
then  carefully  rinsei,  Iwfore  mountinit  in  ulycerin.  The  degenerated  areas  are  thus 
stained  roae-red.  while  the  normal  tissue  elements  have  a  bluish  violet  color.  In 
"ome  case"  for  reasons  which  we  do  not  know,  the  amyloid  subst  ance  does  not  show 
a  well  marked  reaction  with  methyl  violet.  For  the  detection  of  amyloid  in  fresh 
tissues  by  the  iodine  reaction  see  p.  1012. 

Corpora  amylacea  are  small,  spheroidal, 
homogeneous  or  lameliated  bodies  (Fig-  29) , 
which  assume  a  bluish  color  on  treatment 

with  solution  of  iodine  or  iodine  and  sul- 

phuric acid.  They  are  frequentlj' found  in 
the  acini  of  the  prostate  gland, sometimes  in 
large  numbers;  in  the  ependyma  of  the 
brain  and  cord;  also  in  extravasations  of 
blood  and  in  various  other  situations.  They 

Flo  29— c'uRPOH*  AuYLACEA  ""^y  occur  under  normal  as  well  as  patho- 
Fmm  prosintp  gland.  logical  Conditions,   and   are  apparently  of 

little  importance.  They  seem  to  have 
nothing  to  do  with  amyloid  degeneration,  although  they  somewhat 
resemble  its  products.  Some  of  the  tube  casts  of  the  kidney  resemble 

in  many  respects  the  corpora  amylacea.' 

CALCAREOtJS  IHPILTRATIOB. 

There  is  in  this  condition  a  deposition,  either  in  cells  or  in  the  inter- 
cellular substance,  of  larger  and  smaller  granules  composed  chiefly  of 

phosphate  and  carbonate  of  calcium  (Fig.  30).     These  particles,  when 

I  Ad  extended  nludy  of  amyloid  df^eneration  may  he  tounri  in  a  monoarapli  by  IVirftmnnB. 

Ziegler'a  Beilrtge.  Bil.  xiii.,  p.  48T,  ISSa.     Also  torlalerbibl.  .S'rAiWer,  ibid..  Bd.,  xlvi.  p.  BOa.  190B. 
A  iHlcr  biblmgrsphy  wilh  n  Hummnrj'  of  pxpprimcnt!  on  the  produclion  o!  amyloirf  ilpgene ration 

in  nnlmnlB  will  be  found  ia  an  srlii^li-  by  Majimuu-.  Virch.  Arch.,  Bd.  cliii..  p.  ̂153.  ISDS. 
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abundant,  give  hardness,  brittlenesa,  and  a  whitish  appearance  to  the 
affected  tissue.  Under  the  microscope  they  appear  dark  by  transmitted, 

white  and  glistening  by  reflected,  light.  In  hiematoxylin-stained 
specimens,  the  tissue  about  the  lime  particles  and  masses  is  apt  to  be 

deeply  and  diffusely  colored.  Tissues  may  be  nearly  completely  per- 
meated with  salts,  or  the  latter  may  be  scattered  in  patches  through 

them  (Fig.  31).  Sometimes  large  tamellatcd  concretions  are  formed  in 
tissues,  usually  at  the  seat  of  some  old  inflammatory  process.  Calcium 
salts  may  be  deposited  under  abnormal  conditions  either  in  tissues  or  in 
the  retained  secretions  and  excretions  of  the  body.  In  pathological 
calcifications  they  arc  retained,  not  in  the  diffuse  state  in  which  they 

Eslrifietl  pnrU  ure  iliffusriy  Btaineit  with  hsmaloxyliD, 

exist  in  bone,  but  in  particles  or  clumps,  although  the  calcium  compounds 
are  essentially  the  same  under  both  the  normal  and  the  pathological 
conditions. 

Calcification  in  tissues  usually,  if  not  always,  occurs  in  parts  which 
are  dead  or  are  in  a  condition  of  reduced  vitality  as  a  result  of  some 
antecedent  abnormal  process,  as  a  rule  of  an  inflammatory  nature. 
Fatty  degeneration  of  cells  frequently  precedes  calcification.  Among 
the  most  common  and  important  examples  of  calcareous  degeneration 
may  be  mentioned  those  which  occur  in  the  valves  of  the  heart  in  endo- 

carditis and  the  walls  of  the  blood-vessels  in  chronic  obliterative  endar- 
teritis. It  occurs  in  old  thrombi,  in  old  tuberculous  areas,  in  old  infarcts, 

in' long-retained  dead  foetuses,  in  cartilage,  in  ganglion  cells  in  old  age 
or  after  their  death  from  any  cause,  and  under  many  other  conditions. 
Calcification  of  the  epithelium  and  of  casts  in  the  kidney  occurs  after 

corrosive-sublimate  poisoning  in  man  (see  p.  421)  and  may  bo  expcri- 
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mentally  induced  in  animals.  As  examples  of  calcification  of  i 

.of  secretion  and  excretion  we  may  mention  tonsillar  calculi'  in  which 
masses  of  epithelial  cells,  bacteria,  etc,  are  infiltrated  with  calcium 
salts.  Of  similar  character  are  the  preputial,  bronchial,  and  intestinal 
calculi,  and  calculi  in  the  ducts  of  various  glands;  and  calcification  in 
thrombi  and  other  fibrinous  structures. 

The  calcium  salts  are  derived  from  the  blood  and  lymph  in  which 
they  arc  held  in  solution.     The  rationale  of  their  deposition  in  damaged 

epithelium  □(  the  luhulcn. 

cells  and  tissues  is  not  yet  clear,  though  much  work  and  discussion  have 

centred  in  the  problem.  The  pi-esenct!  of  phosphorus  in  the  affected 
areas;  the  existence  of  fatty  acids  in  cells  and  tissues — since  fatty 
degeneration  so  frequently  precedes  calcification — with  which  the  cai- 
etum  may  form  insoluble  soaps;  and  pioteids  capable  of  uniting  with 
calcium,  have  all  been  urged  as  determining  factors.  We  cannot  enter 

here  upon  a  discussion  of  this  point.' 
TKcHNiijrE.^The  carl>onate  of  lime  deposited  in  the  ti.-wues  is  dissolved  by  di- 

lute acids  with  evolution  of  carbonic-acid  gas.  This  process  may  be  observed  uader 
the  microscofie  Ijy  running  five-per-eent.  hydrochloric  acid  under  the  cover-glass 
upon  unstained  sections;  thegaa  bubbles  are  caught  aa  they  evolve  beneath  the  cover. 

'  Cnkuii  ore  rou'w-s  of  aolia  malcriul  of  various  pomponiiion  piwipitatpci  from  the  body  fluidi. 

'  CoDsull  WrII:  -PBtholotirBl  Colpifipntion,"  Jcmr.  .Mrd.  Hwi-arth.  vol.  xiv.,  IWfl.  p.  491.  bibL 
AlHo,ri)ritiiliiitvofthpi/>|pof.liirui>ihldioap!>inlhefoniinlianofcpUFiiliunil  in  cnlrareoua dc^eoentioo 
MV  Khii.  "('»lran-n-j9  IMtPnemtiuli,"  Juur.  Knp.  .M«l„  vol.  vij.,  lao.S.  p.  0.13.  ond  vol.  viii..  KHW.  p. 
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Pigmentation. 

There  is  under  normal  conditions  a  certain  amount  of  pigment  in  the 

body— in  the  rete  Malpi^chi  of  the  skin,  in  the  eye,  in  muscle,  and  in  fat. 
This  pigment  is  elaborated  by  the  body  cells  ami  may  vary  considerably 
in  amount. 

The  pigment  which  is  formed  under  patholofrical  conditions  may  be 
derived  from  the  blood — hirmaiogtnous;  from  the  bile — hepatogenous;  or 
it  may  lie  elaborated  by  various  cells  after  the  analogy  of  the  normal 

pigment — metabolic.     Finally,  pigment  maybe  introduce<l  into  the  body 
from  without  by  drugs,  in  tattooing,  or  by 
inhalation — extraneous.     The  pigment  in  the 
body,  of  whatever  origin,  may  be  in  yellow, 
brown,    black,   or   reddish   granules,   or   in 

crj'stalline  form.     It  is  often  deposited  in 
cells,   but  may  lie  free  in  the  intercellular 
substance.      It    is    often   transferred   from 

place  to  place  in  the  body.' 
H^MATOGENors  PIGMENT. — Blood  pig- 

ment may  form  by  the  decomposition  of 
hfemogiobin  in  thrombi,  in  extravasateil  or 

in  the  circulating  blood.  Under  these  con-  fio.  aa.-Prr.MiNT  cvintawwq 

ditions  the  haemoglobin  which  is  loosely  t"b\[^' v^jMctM^or tkb"' l"km  *" 
associated  with  the  plasma  of  the  red  blood  The  iron  pigment  in  cotored  blue, 

cells  readily  diffuses,  leaving  the  cells — so-  Th»B|wpimMisfmm  the  lungs  of  nn 

called  "blood  shadows" — pale  and  almost  nty. 
invisible  and   prone   to    disintegrate.     This 
destruction  of  blood  cells  is  called  hiMmolysis.  Hiemoglobin  in  solution 

in  the  body  fluids'  undergoes  various  phases  of  decomposition  which 
we  cannot  follow  in  detail  here.  One  of  the  derivatives  or  groups  of 
derivatives  of  the  hsemoglobin  is  called  hamosiderin. 

Hajmositlcrin  usually  appears  in  the  form  of  brown  or  black  granules 

either  in  cells  or  free  in  the  tissues.  It  is  the  usual  form  of  blood  pig- 
ment resulting  from  hfemolysis.  It  gives  the  microchemical  reaction  for 

iron.     For  this  test  for  iron  in  hsemosiderin  see  foot-note  below.' 
A  further  common  decomposition  product  of  hfemoglobin  is  kwma- 

tcidin.  Hiematoidin  is  identical  in  chemical  composition  with  the  bile 
pigment,  bilirubin.  It  may  occur  as  red  rhombic  plates  or  acicular 
crystals  or  as  granules  (Fig.  33).     It  docs  not  contain  iron.     This   is 

■Sep  .4*t Cbl.  f-  Pa h..  Sep.  7th.  190a.  p. 942. 

»Todiffe 
tioiw  of  (he alco ol-hurdeoc liasue  are  plaee. 
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our  or  bug -ctDt  aqueo 

of  polia. um.     Transfer  t Kb 
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bete loaihefcrnoa Brum  enrh  of  f rm-  and  fe 

u 

ureJ  by  alu PI  in 
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There  are 
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vol.  xiv..  1905 

p.  : 
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the  form  of  blood  pigment  which  after  a  time  is  apt  to  form  at  the 

seat  of  old  haemorrhages  or  in  old  blood-clots,  thrombi,  etc.,  where  it 
may  persist  for  a  long  time. 

Red  blood  corpuscles  may  be  taken  up  by  various  forms  of  phago- 
cytes, and  within  these  cells  the  decomposition  of  the  haemoglobin  may 

lead  to  their  pigmentation. 
Haemolysis  may  take  place  in  the  circulating  blood  in  many  forms 

of  poisoning,  in  acute  infections,  notably  in  malaria,  in  pernicious  anae- 
mia, in  various  cachexia?,  etc.  The  haemoglobin  thus  set  free  in  the 

body  fluids  may  be  eliminated  through  the  urine,  inducing  haemo- 
globinuria;  it  may  be  used  by  the  liver  in  the  formation  of  bile;  or  it 

In 
V         f  V 

J 

Fig.  33. — Hamatooenous  Pigment.     HjEMatoidin  Crystals  and  Masses  Free  and  within 
Leucocytes. 

may  undergo  decomposition,  and  its  derivatives  may  be  deposited  in 
the  cells  of  various  organs  and  in  the  tissues  as  pigment  granules. 

A  condition  called  hormochromatosis  has  been  described,  in  which  a 
brown  pigment,  probably  derived  from  the  haemoglobin  of  the  blood,  is 
deposited  in  various  tissues  of  the  body.  The  organs  in  this  condition 
may  appear  notably  pigmented  on  gross  examination.  The  pigment 

particles  w^hich  are  found  in  the  epithelial  cells  of  glands,  especially  of 
the  liver  and  pancreas,  contain  iron;  while  an  iron-free  pigment  may  be 
present  in  the  smooth  muscle  cells  of  the  gastro-intestinal  canal  and  of 
the  blood  and  lymph  vessels,  and  in  connective-tissue  cells.  This  pig- 

mentation is  commonly  associated  with  cirrhosis  of  the  liver.  Haemo- 
chromatosis  may  be  associated  with  diabetes  mellitus  and  cirrhosis  of 

the  liver,  together  with  pigmentation  of  the  skin — **  bronze  skin." 
The  conditions  leading  to  haemochromatosis  are  still  obscure.^ 

Hepatogenous  Pigment. — Pigmentation  of  tissues  from  the  bile 
occurs  under  various  conditions.  The  bile  may  enter  the  blood  and  tis- 

sue fluids  in  obstruction  of  the  gall  ducts  by  inflammation,  tumors,  cal- 
culi, etc.  In  the  condition  called  jaundice  or  icterus  the  tissues  are 

stained  yellowish  or  yellowish-green  by  bile  pigment.  Icterus,  it  should 
be  remembered,  may  also  occur  in  infectious  diseases  and  in  toxaemia, 
under  conditions  which  lead  to  destruction  of  red  blood  cells  within  the 

vessels.  Bile  pigment  may  be  deposited  in  the  liver  and  elsewhere  in 
the  form  of  yellow  or  brown  granules. 

1  For  a  careful  study  of  ha'mochromatosis,  with  bibliography,  see  Opie,  Jour.  Exp.  Med.,  vol. 
iv.,  p.  279. 
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It  consists  largely  of  bilinibin.  a  substance  identical  with  hienia- 
toidin.  being  derived  from  haemoglobin  through  the  nK'tnboli.tm  of  the 
liver  cells. 

Ochroriosix. — Under  conditions  which  are  as  yet  little  understood, 
minute,  iron-free,  gray  or  black  granules  of  pigment  which  may  be  calleil 

MrtBholir  PiamenlalkiD. 

melanotic  are  deposited  especially  in  cartilage  but  also  in  other  con- 
nective tissues.  Meldnuria  niay  aeconipany  this  form  of  tissue  pig- 

mentation.    This  condition  has  been  called  ockronunis.' 
Metabolic    Pigment. — Pigments    called    melnnins,    and    probably 

derived  from  albumins,  may  be  elaborated  by  various  forms  of  cells. 

by  processes  apparently  somewhat  analogous 

normal  pigmentation.'    This  is  exemplified  in 

^  with  those  concerned  in 

normal  pigmentation.'  This  is  exemplified  in  nu'lanotic  tumors  (Pig. 
34),  most  frequently  of  the  choroid  and  the  skin,  and  possibly  in  the 

bronze  skin  of  Addison's  disease. 
Pigment  whose  nature  is  not  very  clearly  defined  may  form  in  the 

smooth  muscle  tissue  of  the  gastro-intestinal  walls,  in  various  cachexia', 

•i»l.  imt.     Abo  Maa 
|J.  set.  lS9e^  also  ChiUrrnIni 

■  IBOfl.  p.  5S0. 
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in  the  heart  muscle,  in  the  so-called  "  brown  atrophy,"  and,  under  certain 
conditions,  in  the  liver. 

Extraneous  Pigment. — As  examples  of  pigment  introduced  into 
the  body  from  without,  we  may  mention  the  deposition  of  minute  par- 

ticles of  silver  from  the  internal  use  of  silver  salts — argyria;  the  coloring 
of  the  skin  and  lymph  glands  from  tattooing;  and  especially  the  pig- 

mentation of  the  lungs  and  bronchial  glands  from  the  inhalation  of 

coal  and  other  dust — pneumonokoniosis  (Fig.  35).  This  is  universally 
present  under  the  conditions  of  indoor  life  which  modern  civilization 
imposes.  Such  pigment  may  be  brown  or  black,  and  is  usually  in  very 
small  particles  within  cells  or  in  the  intercellular  stroma. 

Necrosis. 

Necrosis  is  the  death  of  a  circumscribed  portion  of  tissue  in  the 
living  body.  It  may  be  the  result  of  insufficient  nutrition  from  cutting 
off  the  blood  supply,  as  by  embolism,  thrombosis,  ligature,  pressure,  etc., 
or  it  may  depend  upon  the  action  of  destructive  chemical  agents,  ex- 

treme degrees  of  temperature,  the  Roentgen  rays  and  radium.  It  may 
be  due  to  bacterial  toxins  or  to  toxins  formed  by  the  animal  tissues; 
to  nerve  lesions  leading  to  trophic  disturbances;  or,to  mechanical  injury. 

Defective  nutrition  of  the  bodv  in  various  acute  and  chronic  diseases 

disposes  the  individual  to  local  necrosis  when  subjected  to  any  of  the 
direct  agencies  just  enumerated.  The  general  appearance  of  dead 

tissue  varies  greatly.  In  some  cases  there  is  a  simple  and  gradual  dis- 
integration and  softening  of  the  tissue,  resulting  in  a  mass  of  degenerated 

cells  and  cell  detritus,  with  more  or  less  fluid  and  various  chemical 
substances  arising  from  decomposition.  The  softening  of  the  brain  in 

embolism  is  an  example  of  simple  necrotic  softening — liquefaction 
necrosis.  In  some  cases  the  dead  tissues  merely  dry  and  shrivel  grad- 

ually and  become  hard  and  dark-colored. 
In  another  class  of  cases  the  dead  tissues  are  permeated  by  fluids 

which  may  be  dark  red  in  color,  from  the  solution  of  coloring  matter 
from  the  blood,  and  may  contain  bacteria  which  induce  putrefaction, 
with  the  production  of  gases  and  various  new  chemical  substances.  The 
tissues  become  swollen  and  granular,  and  disintegrate;  and  finally  the 
whole  may  form  a  mass  of  irregular  granules,  with  fat  droplets,  tyrosin, 
leucin,  and  various  forms  of  crystals,  shreds  of  the  more  resistant  kinds 
of  tissue,  and  bacteria. 

The  death  of  cells  is  marked  by  cessation  of  function  and  by  certain 
morphological  and  chemical  alterations  of  the  body  and  the  nucleus. 
As  a  rule  the  highly  specialized  cells,  such  as  the  functional  cells  of  the 
brain,  liver,  and  kidney,  are  most  vulnerable  in  the  presence  of  harmful 
conditions. 

There  is  at  first  no  evident  morphological  diff'erence  between  dead 
cells  and  living  cells.  But  very  soon  in  the  former,  changes  occur.  The 
cytoplasm  may  swell  and  become  homogeneous  from  imbibition  of  fluids; 
or,  on  the  other  hand,  it  may  become  more  coarsely  granular.     The 
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nucleus  stains  less  deeply  or  not  at  all  with  hematoxylin  or  other  nuclear 
dyes   (Fig.  3()),  owing  to  the  disappearance  of  the  chromatin  which 
seems  to  tiiasolvc  in  the  tissue  juices;  this  is  called  karyotysis.     Some- 

times, however,  the  chromatin  does  not  dissolve,  or  only  partially  dis- 

l  o(  lliow  above  are  mofe  coarsely 

appears,  the  remainder  breaking  up  into  irregular,  more  or  less  deeply 
staining  granules.  This  is  called  karyorrhexix.  The  nuclei  of  cells 
which  are  undergoing  regressive  processes  or  dying  may  become  smaller 
and  denser  than  normal  and  stain  more  <Ieeply;  this  is  called  pycnoKis. 

Presently  the  cell  body  may  contain  fat  droplets,  or  without  this  it  may 
disintegrate. 

Ganghen-e. — When  death  of  a  considerable  mass  of  tissue  occurs,  and 
this  either  dries,  as  is  possible  on  the  surface  of  the  body,  or  is  associated 



58  REGRESSIVE   TISSUE   CHANOES 

with  putrefaction  in  the  tissue,  the  condition  is  called  gangrene.  The 
involved  part,  when  on  the  surface  of  the  body,  may  dry  and  become 

hard  and  brown  or  hl&ck-^mummifiealion,  or  dry  gangrene'  (F'ig.  37). 
On  the  other  hand  it  may,  when  putrefactive  bacteria  are  present,  in 
addition  to  its  discoloration,  become  soft  and  infiltrated  with  foul- 
smelling  gases — moist  gangrene.  If  the  affected  part  be  comparatively 
blootlless,  the  discoloration,  which  is  largely  due  to  decomposition  of  the 

blood  pigment,  may  be  absent.' 
ForAL  Xecrosis. — Necrosis  involving  a  small  cireumscrilx-d  area  of 

tissue,  such  aa  is  frequent  in  toxtemia,  is  called /«c«/  necrosis,  p.  203. 

Ulceration. — Necrosis  with  erosion  involving  the  surface  of  the 
skin  or  of  the  mucous  or  serous  membranes  is  called  an  nicer.  An  ulcer 

may  be  necrotic  in  origin,  from  the  cutting  off  of  nutrition  in  a  circum- 
scribed area,  as  in  some  forms  of  gastric  ulcer.  This  may  be  associated 

with  reactive  inflammatory  processes  which  tend  to  promote  repair.  On 
the  other  hand,  the  process  may  be  inflammatory  in  origin,  death  of 
tissue  following. 

Co^Gii  ATIo^  Nec'ro.sis, — If  dead  areas  of  tissue  (whether  this  con- 
dition be  due  to  mechanical  injury,  to  disturbances  of  nutrition,  or  to 

the  local  action  of  bacterial  or  other  poison.s) 

■^  -  contain   the  substances  necessary  for  the 
,  ,  coagulation  of  their  albuminous  constitu- 

^       *    j"   ""  ents,  or  if  they  be  bathed  with  body  fluids 
from  adjacent  parts  in  which  the  circula- 

tion is  maintained,  a  characteristic  coagu- 
lation of  the  necrotic  elements  is  apt  to 

occur.  The  composition  of  the  cells  of  the 
tissue  is  altered,  so  that  the  cell  bodies  are 
shining  and  translucent,  sometimes  altered 
in  shape;  while  the  chromatin  and  finally 

the  nuclei  of  the  cell  disappear  (F"ig.  38). 
The  white  infarctions  of  the  spleen  and 
kidneys,  the  areas  of  coagulation  necrosis 
in  tuberculasis.  and  the  pellicle  in  croupous 
inflammation  of  the  mucous  membranes  are 
the  most  common  examples  of  this  lesion. 

Fia.  3s.-  coMu-LAT^cN  neithww  ]f^  f^^  example,  in  the  spleen,  one  of  the 
Thptiisapppiininn-of  ihrchnimntiQ     small  ftrtcries  IS  plugged  hv  an  embolus,  a 

from  ihc  nuclei  is  indiciiird  by  iMr     corresponding    portlon    of  the  .Spleen   be- 
fflilure  to  stum,  oniippmlly  mnrkrcl  in  "^  "^     "^        ,  i  ■■ ihp  upppr  Mils.  comes    anaemic    and    appears  as  a  white, 

wedge-shaped  mass,  sharply  defined  from 
the  surrounding  splenic  tissue.  If  such  a  white  infarction  has  exi.sted 
but  a  short  time,  there  is  hardly  any  difference  between  the  appearance 
of  its  anatomical  elements  and  tho.se  of  the  surrounding  spleen,  except 

that  they  are  differently  affected  by  staining-flui<ls.  If  the  infarction 
is  older,  the  cells  are  small  and  shiny  ami  their  nuclei  cannot  be  seen. 

<Fornstuilyor!<pnt1i-EanKrf'nFE<¥FnI(ii,  ZoilKcfar.  r.  Hpilkutirlr.  Bel.  ix,  p.  :<<j:i,  ISHU,  liilil. 
:  Fcir  moCT  ilrlailpil  xtuclie.  ol  Ranitn^p  run«ult  wcirlu  an  Rurgei?'. 
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In  croupous  inflammations  of  mucous  mcnibranps  the  epithelial  eells 
become  shiny,  the  nuclei  disappear,  and  the  shape  of  the  cells  is  changed 
by  the  coagulation  necrosis,  so  that  a  number  of  them  together  often  look 
like  a  network  of  coagulated  fibrin. 

Cheesy  Deyenemlton  iCnsealion). — As  commonly  used,  this  term 
embraces  the  changes  in  the  tissues  which  we  have  just  considered  under 
the  more  appropriate  name  of 
coagulation  necrosis.  But  it  ia 
also  applied  to  that  form  of  degen- 

eration in  which,  under  a  variety 
of  conditions,  the  dead  tissue  ele- 

ments lose  their  normal  structural 
features  and  become  converted  into 

an  irregularly  granular  albuminous 
ami  fatty  material  (Figs.  39  and 
40),  which  sometimes  tends  to  dis- 

integrate and  soften,  sometimes 
dries  and  becomes  dense  and  firm, 
or    may   become   infiltrated    with 

salts  of  calcium.     Thus  cheesy  de-  g,a.  hb.— ('o*oi-i.ati(.k  Ne>-ii.ji.ii.. 
generation    may,   and   very   often  '■>  lubercuioiw  iwni*. 
does,  occur  in  tissues  which  are  in 
the  condition  of  coagulation  necrosis;  but  it  also  occurs  in  tissues  which 
are  not  the  seat  of  coagulation  necrosis,  but  which,  for  a  variety  of 
reasons  and  in  a  variety  of  ways,  have  lost  their  vitality. 

The  terms  ''coagulation  necrosis"  and   "cheesy   degeneration."  as 
commonly  used,  in  part  actually  cover  the  same  degenerative  conditions 
in  the  tbsues.     Both  are  indefinite,  and  will  no  doubt  remain  so  until 

we  gain  a  more  precise  knowledge 
of  the  conditions  under  which  they 
occur. 

Fat  Necrosis. — This  is  a  de- 
generative process  most  frc<nient 

in  the  subperitoneal  fat  and  in  and 
about  the  pancreas,  and  especially 
associated  with  lesion  of  that 

organ.  We  refer  for  ilctuils  to  the 

special  section,  p.  "1)4. The  Disposal  of  Necrotic  Tissues. 

Flo.  m.-An  Area  <,y  Cnw^i  RE<i«sERATi..N    — N'ccrotic     tissues     mjlV     be    .•'Cpil- 
u"™"""'  '"  *  '^'"-'■"'^  TiMBrLe  IN  THE   rdtcd  froHi  the  living  body  by  in- 

flammatorj'   processes   and  wholly 
cast  off,  as  in    gangrene  of  a  limb,  or  in  bone,  the  <Iea(l  portion  here 
being  called  a  seqtieilrum. 

Fragments  of  dead  cells  and  tissues  in  the  living  body  are  in  part 
disposed  of  by  leucocytes  or  other  mesobla.stic  cells  which  may  lie 
attracted  to  them,  and  may  cause  their  solution  by  proteolytic  eiuynies 
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which  are  set  free  or  by  the  incorporation  of  particles  of  the  dead  tissue 

into  their  bodies  where  they  are  destroyed.^ 
Furthermore,  the  absorption  of  necrotic  tissues  is  in  part  due  to 

proteolytic  enzymes  furnished  by  the  dead  and  degenerating  cells  them- 
selves. The  self-destruction  of  tissues  in  the  ways  indicated  is  called 

autolysis  (see  p.  106).  To  what  extent  the  lytic  substances  through 
which  dead  tissues  are  softened  may  be  derived  directly  from  the  blood 
plasma  is  not  yet  clear.  At  any  rate,  through  chemotaxis,  phagocytosis, 
and  autolysis  considerable  masses  of  necrotic  tissue  may  be  finally  re- 

moved.^ Dead  bone  is  dissolved  and  disposed  of  by  special  forms  of 
cells  called  osteoclasts  (see  p.  103). 

Recent  studies  relating  to  the  adaptation  of  the  body  to  various  alien 
substances  have  led  to  new  conceptions  of  the  nature  of  the  processes  by 
which  the  body  frees  itself  of  useless  or  harmful  material  either  devel- 

oped within  it  or  introduced  from  without.  For  a  fuller  consideration 
of  these  processes  see  cytolysis,  p.  171. 

*  See  Phagocytes,  p.  98. 
'  WdU,  Jour.  Med.  Res.,  vol.  xv.,  p.  149,  1906. 



CHAPTER  IV. 

PROGRESSIVE  TISSUE  CHANGES. 

Hypertrophy  and  Hyperplasia. 

Hypertkophy. — Under  a  variety  of  conditions,  cells,  larger  parts  of 
the  body,  or  organs  become  larger  than  normal.  The  structural  change 
to  which  this  enlargement  is  due  may  be  a  simple  increase  in  size  of  the 

elementary  structures  of  the  part,  the  cells.  This  is  called  simple  hyper- 
trophy. It  is  usually  associated  with  some  increased  functional  demand 

upon  the  cells  and  an  increase  in  their  functional  capacity;  as,  for  exam- 
ple, in  the  hypertrophy  of  the  heart  with  lesions  of  the  valves,  or  in  the 

hypertrophy  of  one  kidney,  which  in  case  of  diminution  or  suspension  of 
function  in  the  other  assumes  the  work  of  both — compensatory  hyper- 

trophy.^ 
Pathological  hypertrophy  in  response  to  functional  demand— /wnc- 

tional  hypertropy — has  its  physiological  prototype  in  the  changes  in  the 
uterus  and  in  the  mammary  gland  during  pregnancy. 

It  should  be  borne  in  mind  that  the  simple  enlargement  of  a  part  or 
organ  does  not  necessarily  involve  the  hypertrophy  of  any  of  its  structural 
elements.  Thus  there  may  be  an  increase  of  fat  in  a  muscle  causing 
its  enlargement;  waxy  degeneration  of  the  liver  may  determine  great 

increase  in  the  size  of  this  organ.  It  is  well  to  limit  one's  conception 
of  hypertrophy  to  enlargement  of  specific  structural  elements  of  a  part 
with  maintenance  or  increase  of  functional  capacity,  and  to  consider 
other  instances  of  enlargement,  such  as  those  just  cited,  as  examples  of 

pseudo-hypertrophy . 
Hyperplasia. — In  many  cases  the  increase  in  size  of  a  part  or 

organ  is  due  not  only,  or  not  at  all,  to  the  increase  in  size  of  its  element- 
ary structures,  but  to  an  increase  in  their  number.  This  increase  in 

number  of  the  structural  elements  of  a  tissue  or  organ  is  called  numer- 

ical hypertrophy,  or  hyperplasia.^ 
Hyperplasia  of  connective  tissue  is  of  frequent  occurrence  in  associa- 

tion with  atrophy  of  the  parenchyma  of  various  organs,  replacing  the 

damaged  cells  as  these  diminish  or  disappear.  This  is  called  replace- 
ment hyperplasia. 

Hypertrophy  and  Hyperplasia  in  Special  Organs. — In  hypertrophy  of 
the  heart  associated  with  the  increased  amount  of  work  which  it  has  to 

do  in  maintaining  the  circulation  in  various  forms  of  valvular  lesion, 

*  For  bibliography  of  compensatory  hypertrophy  see  reference  to  Aschoff,  p.  79. 
*  Consult  for  examples  of  hyperplasia  and  hypertrophy  the  following  sections  on  Regeneration  and 

Inflammation. 
61 
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pulmonary  and  vascular  obstruction,  or  excessive  bodily  strain;^  in 
hypertrophy  of  the  unstriated  muscle  such  as  may  occur  in  the  bladder 
in  urethral  stricture,  calculi,  etc.,  in  the  stomach  in  pyloric  stenosis,  in 

the  arteries  in  chronic  diffuse  nephritis;  as  well  as  in  the  voluntary- 
muscle  hypertrophy  from  athletic  exercises,  etc.,  the  individual  muscle 
cells  and  fibers  are  increased  in  length  and  in  thickness. 

In  hypertrophy  of  one  kidney  from  the  loss  of  the  other  or  part  of 
its  own  substance  by  operation  or  lesion,  there  is  enlargement  of  the 
epithelium,  especially  of  the  convoluted  tubules  and  of  the  glomerular 
epithelium  covering  the  tuft,  the  latter  being  also  enlarged.  Changes  in 
the  collecting  tubes  and  in  the  interstitial  tissue  are  less  marked  even  in 
kidneys  which  are  greatly  increased  in  size. 

Compensatory  hypertrophy  of  the  liver  following  destruction  of 
part  of  the  parenchyma  seems  to  be  largely  due  to  the  new-formed 
liver  cells,  and  to  hyperplasia  of  the  interstitial  tissue,  but  the  hyper- 

trophy of  the  old  cells  occurs. 
Compensatory  hypertrophy  of  the  thyroid  and  adrenals  has  been 

experimentally  induced.  Hypertrophy  of  one  testicle  occurs  after  the 

removal  of  the  other,  and  the  same  is  true  of  the  mammary  gland.  Com- 
pensatory hypertrophy  of  the  ovaries  has  not  been  observed. 

After  destructive  injury  to  the  spleen  its  function  may  be  in  a 
measure  assumed  by  the  bone  marrow  and  lymphatic  tissue  which 
undergo  compensatory  hypertrophy. 

In  most  of  these  conditions  hyperplasia  of  the  interstitial  tissue  is 

associated  with  the  hypertrophy  of  the  specific  parenchyma  cells  w^hose 
response  to  increased  functional  demands  is  marked  by  simple  hyper- 
trophy. 

Metaplasia. 

In  the  development  of  the  body  there  is  a  constant  and  progressive 

differentiation  of  cells.  When  development  is  complete  a  certain  speci- 
ficity exists,  marked  by  functional  and  structural  characters.  These 

specific  characters  in  cells  are  fairly  permanent  under  normal  conditions. 
Under  a  variety  of  abnormal  conditions,  however,  they  may  undergo 
modification  so  that  one  type  of  cell  or  tissue  may  assume  more  or 
less  completely  the  characters  of  another  type.  But  the  limitations 
of  this  change  in  type  are  strictly  drawn,  so  that  one  type  can  assume 
only  the  characters  of  another  which  is  closely  related  to  it.  This 

change  of  one  form  of  closely  related  tissue  into  another  is  called  meta- 

plasia. 
1  hus,  by  a  gradual  change  in  the  cells  and  stroma  of  fibrous  tissue, 

this  may  be  converted  into  bone,  as  mucous  tissue  may  become  fat  tissue, 
and  hyaline  cartilage  become  fibrous.  Metaplasia  is  a  process  involving 
active  changes  on  the  part  of  the  living  cells  of  the  tissue,  and  should  be 
clearly  distinguished  from  certain  degenerative  and  infiltrative  processes, 

in  the  course  of  which  one  form  of  connective  tissue  may  assume  super- 

*  For  conditions  of  caniiac  hypertrophy  see  p.  550.  For  a  fuller  consideration  of  the  phases  and 

conditi3ns  of  hypertrophy  see  Adami  "Principles  of  PntholoRj'."  i.  P-  535. 



PROGRESSIVE   TISSUE   CHANGES  63 

ficial  resemllances  to  others  of  the  group,  as  in  calcareous  and  mucoid 
degeneration. 

The  infiltration  of  the  cells  of  fibrillar  connective  tissue  with  fat, 

and  the  reverse  process  in  which  the  fat  is  lost,  as  in  atrophy  and  emacia- 
tion, are  not,  strictly  speaking,  examples  of  metaplasia. 

While  metaplasia  is  most  common  among  the  members  of  the  con- 
nective-tissue group,  it  sometimes  occurs  in  other  tissues.  Thus,  for 

example,  the  epithelium  of  the  nose,  bronchi,  urinary  passages,  cervix 
uteri,  and  gall-bladder  may  under  a  variety  of  conditions  assume  the 

characters  of  squamous  epithelium  of  the  skin  type.* 
One  should  be  critical  in  estimating  the  value  of  evidences  of  meta- 

plasia, which  has  apparently  been  assumed  to  occur  more  frequently 
than  the  facts  justify.  For  example,  many  instances  of  alleged  meta- 

plasia can  be  equally  well  accounted  for  on  the  assumption  of  defects 
of  development  in  which  a  certain  portion  of  tissue  has  failed  to  com- 

plete its  differentiation,  thus  remaining  in  form  and  in  situations  which 
simulate  the  results  of  metaplasia.  Or,  cells  of  the  differing  types  may 
have  grown  into  the  region  from  adjacent  parts. 

A\  hen  <lifferentiation  has  advanced  so  that  such  distinct  types  of 
tl^ue  have  been  formed  as  connective  tissue,  epithelium,  muscle,  nerve, 
these  do  not  again  merge  through  metaplasia.  There  is  no  evidence 
that  mesoblastic  tissues  can  be  converted  into  those  of  the  epiblastic  or 
hypoblastic  type  or  tnce  versa. 

Reversion. 

Under  various  conditions,  but  especially  when  highly  differentiated 
cells  have  been  thrown  out  of  function  often  as  the  result  of  inflammatory 
processes,  they  appear  to  assume  the  morphological  characters  which 
belong  to  an  early  stage  in  their  development.  This  is  called  reversion, 
reversionary  vie  tumor  pilosis  or  kataplasia.  Thus  the  flat  epithelium  of  the 
air  vesicles  of  the  lungs  or  the  cylindrical  epithelium  lining  the  bronchi 
or  the  stomach  may  become  cuboidal.  In  the  kidney  the  epithelium  of 
the  glomeruli  and  also  of  the  convoluted  tubules  may  become  cuboidal. 
So  in  chronic  peritonitis  the  endothelium  may  become  greatly  thickened. 
Muscle  fibres  and  connective-tissue  cells  may  assume  for  a  longer  or 
shorter  period  distinctly  embryonic  forms.  But  here,  as  in  metaplasia, 
one  should  accept  the  morphological  evidence  of  reversion  with  due 
reserve,  since  in  many  instances  the  cells  in  question  of  the  lower  type 

may  be  the  results  of  a  reparative  process  not  yet  compk»^e,  and  may 
have  been  derived  from  newly-formed  cells. ^  Furthermore  the  shape  of 
cells  in  general  is  so  closely  dependent  upon  nutrition,  pressure,  and 
mutual  relationship  that  even  slight  departures  from  these  may  lead  to 
changes  in  form  quite  as  marked  but  not  of  such  significance  as  those  in- 

volved in  reversion. 

'For  references  to  epithelial  metaplasia  see  Menetrirr  in  Bouchard's  "Traits  do  path.  Rcn.."  t. 
i'i-,  pt.  2,  p.  784.  See  also  for  a  discussion  of  metaplasia  Ribbert'n  "  Lehrhuch  d.  allj?.  PatholoRie." 
2d  edition,  1905,  p.  .32.3.  and  "Ge^chwulstlehre,"  1904.  ALso  Adami,  "Principles  of  PatholoKy.  vol.  i. p.  586. 

^  Bee  Ribberi's  **Ge8chwuUtlehre,'*  p.  15,  1904.  Also  for  general  review  of  reversion  and  growth 
in  tissues  see  Adami,  **  A.  Jacobi  Festschrift,"  1900.  p.  422.  and  in  his  Pathology,  i,  p.  SIO. 
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Regeneration. 

General  Considerations. — It  is  during  the  earlier  periods  of  life  that 
the  new  formation  of  cells  in  the  body  is  most  active.  From  the  fertil- 

ization of  the  ovum  until  the  tissues  and  organs  have  assumed  the  varied 
forms  and  functions  which  the  physiological  division  of  labor  among  the 

cells  imposes,  cell  proliferation  and  cell  adaptation  to  a  changing  envi- 
ronment are  constant  and  important  features  of  individual  development. 

After  this  time,  under  normal  conditions,  new  cell  formation  is  largely 

limited  to  the  replacement  of  w^orn-out  cells  or  to  the  restitution  of 
such  cells  as  may  be  sacrificed  in  the  performance  of  their  physiological 
functions. 

The  studies  of  Bizzozero  have  shown  that,  notwithstanding  the  great  diversity  in 
the  capacity  for  physiological  regeneration  among  tissues,  they  may  be  conveniently 
grouped  into  three  classes,  as  follows:  Firsts  tissues  whose  cells  are  capable  of  multipli- 

cation throughout  the  life  of  the  individual  or  for  a  considerable  period  after  maturity, 
and  so  lead  to  a  continual  regeneration.  These  are  tissues  whose  cells  are  labile  and 
evanescent.  In  this  class  are  the  parenchyma  cells  of  those  glands  or  structures  which 

produce  formed  elements,  such  as  the  spleen,  lymph-nodes,  bone-marrow,  ovary,  testi- 
cle. Also  the  epithelium  of  the  skin  with  its  hair  follicles  and  sebaceous  glands,  and  of 

the  mucous  membranes  of  the  respiratory,  digestive,  and  geni to-urinary  organs.  Sec- 
ond^ tissues  whose  elements  increase  by  division  up  to  the  time  of  birth,  or  sometimes 

for  a  short  period  thereafter,  when  evidence  of  physiological  regeneration  ceases. 
These  are  tissues  with  permanent  cells.  In  this  class  are  the  parenchyma  cells  of  those 
glands  which  secrete  fluid  material,  such  as  the  liver,  kidney,  pancreas,  salivary  glands, 
etc.  Also  members  of  the  connective-tissue  group,  fibrous  tissue,  cartilage  and  bone, 
and  the  smooth  muscle  fibres.  Thirdj  striated  muscle  and  nerve  tissue.  In  these 

tissues,  division  by  mitosis  ceases  at  an  early  period  and  before  the  tissues  have  ac- 
quired their  special  characters.     Here  a  physiological  regeneration  does  not  occur. 

This  grouping  of  tissues  in  accordance  with  their  capacity  for  physiological  regen- 
eration, while  liable  to  modification  under  further  research,  affords  a  suggestive  guide 

in  our  studies  of  regeneration  under  abnormal  conditions.  For  beyond  the  regenera- 
tive capacity  normally  exercised  by  cells  in  response  to  the  physiological  wear  and 

tear  of  life,  they  are  frequently  called  upon  to  make  good  unusual  losses,  as  the  result 
of  many  forms  of  injury. 

Regeneration  of  injured  tissues,  all  new  growths,  as  well  as  the 

hyperplasias  above  mentioned,  are  invariably  brought  about  by  prolifer- 
ation or  other  changes  in  living  cells.  Furthermore,  just  as  the  cells  of 

the  adult  organism  are  the  offspring  of  one  original  cell,  the  ovum,  so 

are  all  the  new  cells  which  appear  in  the  body  under  abnormal  condi- 
tions derived  from  pre-existing  cells  by  division. 

We  shall  now  briefly  summarize  the  morphological  changes  which 

cells  undergo  in  division  and  shall  then  indicate  the  degree  of  regener- 
ative capacity  which  various  forms  of  tissues  possess. 

MODES  OF  CELL  DIVISION. 

The  careful  and  minute  study  of  cells  during  the  act  of  division, 

which  has  been  recently  made,  has  revealed  many  most  curious  phe- 
nomena and  has  opened  a  new  world  of  observation  nearer  to  the  elemen- 

tary expression  of  life  than  has  seemed  possible  in  earlier  times.     It  will 
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suffice  for  our  purpose  briefly  to  indicate  some  of  the  more  striking  feat- 
ures of  the  new  cell  lore. 

It  is  well  to  recall  at  the  outset  that  recent  studies  of  cells  have 

shown  that  even  in  their  simplest  forms  they  are  highly  organized,  and 
that  their  different  parts  have  special  functions  to  perform.  Thus  the 

nucleus  presides  over  the  constructive  metabolism  or  assimilative  proc- 
ess of  the  cell  and  furnishes  the  physical  basis  upon  which  the  trans- 

mission of  hereditary  characters  depends.  The  cytoplasm  of  the  body, 
on  the  other  hand,  is  concerned  in  those  phases  of  metabolism  which 
result  in  the  liberation  of  energy  in  movements  of  various  kinds  and  in 
the  formation  of  new  chemical  substances.  The  centrosome  also  in 

certain  cells,  though  not  apparently  in  all,  appears  to  play  an  important 
part  in  the  changes  incident  to  division. 

Two  modes  of  cell  division  are  commonly  recognized.  First,  indirect 
division  (mitosis,  or  karyokinesis) ;  second,  direct  division  (amitosis). 

Indirect  (Mitotic)  Cell  Division. 

This  is  the  most  common  mode  of  cell  division  and  is  especially  char- 
acteristic of  embryonic  cells  and  those  which  are  undergoing  active  de- 

velopment. While  it  presents  great  variations,  its  general  features  may 
be  thus  briefly  summarized: 

Among  the  earlier  changes  which  are  to  be  seen  in  a  cell  about  to 

divide  by  mitosis  are  a  condensation  and  an  increase  in  the  staining  capac- 
ity of  the  chromatin  of  the  intranuclear  network.  This  chromatin  sub- 

stance gathers  into  a  contorted  thread  or  threads,  called  the  spiremes 
(Fig.  41,  2),  within  the  nucleus,  whose  membrane  with  the  nucleolus 
gradually  disappears  so  that  the  spireme  lies  free  in  the  cytoplasm;  and 
at  the  same  time  with,  or  preceding,  these  changes  in  the  nucleus,  there 
may  be  a  division  of  the  centrosome  when  this  is  present,  the  segments 
resulting  from  this  division  passing  to  opposite  parts  of  the  cell,  usually 
outside  the  limits  of  the  nucleus.  Around  each  of  the  new  centrosomes, 
which  stain  deeply  with  haematoxylin  or  other  nuclear  dyes,  may  be  a 
clear  zone  of  unstained  material,  or  a  series  of  fine  radiating  fibrils,  or 
both;  the  whole  forming  a  structure  called  a  polar  body  (Fig.  41,  2  and  3). 

Now  the  threads  of  the  spireme  break  across  transversely,  forming  a 
series  of  more  or  less  rod-like  bodies  called  chromosomes^  which  form  a 
somewhat  flattened  cluster  or  wTeath  between  the  polar  bodies,  lying  in  a 

plane  at  a  right  angle  to  a  line  passing  between  the  latter.^  While  this 
mass  of  chromosomes — sometimes  called  the  monaster — has  a  stellar  or 

wreath-like  appearance  when  seen  from  the  side,  it  is  more  band-like 
when  viewed  in  profile  (Fig.  41,  3  and  4). 

Between  the  polar  bodies  and  across  the  monaster  there  may  now  be 
stretched  a  bridge  or  spindle  of  delicate  fibrils  resembling  those  about  the 
centrosome  in  the  polar  bodies. 

Mt  is  believed  that  every  species  haa  a  fixed  and  characteristic  number  of  chromosomes  in  the 
dividing  cells,  and  that  in  forms  arising  by  sexual  reproduction  this  number  is  even.  In  man  the  num- 

ber is  believed  by  some  to  be  16,  by  others  32. 
5 
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This  fibril-spindle,  together  with  the  polar  bodies,  is  called  the  achro- 
matic figure  in  distinction  to  the  structure  formed  from  the  chromatin, 

which  stains  with  nuclear  dyes,  and  is  called  the  chromatic  figure. 
The  whole  complicated  structure  composed  of  both  the  chromatic 

and  achromatic  substance  constitutes  the  viitotic  figure. 
Now  each  chromosome  splits  lengthwise  into  exactly  equal  parts. 

These  parts  separate  into  groups  which  pass  to  the  polar  bodies  at  op- 
posite ends  of  the  spindle.  This  is  sometimes  called  the  diasler  phase  of 

mitosis  (Fig.  41,  5  and  6). 
Corresponding  to  the  division  of  the  chromosomes  into  equal  parts, 

the  cell  body  divides,  each  part  containing  one  of  the  groups  of  daugh- 
ter chromosomes  or  diasters,  together  with  one  polar  body  and  a  part 

of  the  achromatic  spindle  (Fig.  41,  (i).     Now  a  new  nucleus  is  formed 

/    V 
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about  the  daughter  chromosomes  which  gradually  assume  the  characters 
of  the  resting  intranuclear  network  {Fig.  41,  7).  The  achromatic  fibrils 

disappear  from  the  new  cell,  while  the  ecntrosome  may  also  disappear  or 
may  take  its  place  in  the  cytoplasm  beside  the  now  nucleus. 

There  are  countless  variations  and  details  in  the  minute  processes  of 
mitotic  cell  division  and  much  interesting  conjecture  as  to  the  meaning 

of  the  various  changes  in  mitosis,  which  the  scope  of  this  work  does  not 

permit  us  to  consider.  But  the  facts  already  at  hand  are  of  extreme 

significance  to  the  biologist  and  point  toward  large  fields  of  research  in 

pathology  when  the  normal  procc-^ses  shall  have  been  more  clearly  and 
exhaustively  determined. 

Abnormal  phases  of  mitosis  are  not  infrequent.     Thus,  the  mitotic  fig- 
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ures  may  be  asymmetrical,  so  that  the  distribution  of  chromatin  sub- 
stance to  the  daughter  cells  may  be  unequal  (Fig.  42) .  There  may  be 

multipolar  mitosis,  so  that,  instead  of  two,  several  nuclei  may  form.  Or, 
the  new-formed  chromosome  masses  may  fail  to  share  in  the  formation  of 
the  new  nuclei. 

Such   abnormal  mitoses  are 

frequent  in  certain  tumors,  an<l 

they  may  be  experimentally  in-  ,'""-,, 
duccd    by    the    application    of  Qg    -  -^^^;  ̂  

various  chemical  substances  to  ''^fe?^-'^^'  ' 
living  cells.     Too  little  is  known  ,        .   - 
about  the  conditions  under  which 

abnormal  mitoses  occur,  and  too       j^  ̂^°^^^  eeiirthe"mii«is «  wmaie'ri™rftod  in little    about    the    nature    of    the  the  cell  lo  the  lett  tripolar. 

impulse  to  cell  division  in  gen- 
eral, to  justify  to-day  far-rcachlng;  conclusions  as  to  the  significance  of 

these  interesting  abnormalities  in  the  life  of  the  cell. 

The  Significance  of  Hitosls. — The  term  mitosis  or  karyomitosis  is 
applied  to  this  indirect  mode  of  cell  division,  on  account  of  the  involve- 

ment of  the  nuclear  threads.  It  is  also  sometimes  designated  as  karyo- 
kinesis,  from  the  form  changes  which  these  threads  undergo.  Aside 
from  its  intrinsic  biological  interest,  a  knowledge  of  mitosis  in  proliferat- 

ing cells  is  of  importance  in  pathology,  because  the  recognition  of  mitotic 
figures  often  enables  us  to  decide  with  certainty  what  particular  cells  or 

cell  groups  are  involved  in  the  formation  of  new  tissue,  The  most  sig- 
nificant feature,  however,  of  the  whole  process  of  mitosis,  with  all  its  in- 
tricate variations,  appears  to  be  that  the  chromosomes,  during  their 

separation  into  two  or  more  clusters  to  form  the  basis  of  new  cells,  undergo 
an  exact  longitudinal  division.  So  that,  under  normal  conditions,  no  mat- 

ter how  unequal  the  division  of  the  cytoplasm  may  be,  all  of  the  new  nuclei 
share  alike  in  the  chromatin  substance  of  the  parent  nucleus.  This  fact 
appears  to  be  of  extreme  importance  in  the  recognition  of  a  physical  basis 
of  inheritance.' 

Direct  (Amitotic)  Cell  Divlsion. 

In  this,  which  although  relatively  rare,  appears  to  be  the  most  simple 
mode  of  cell  division,  without  those  preliminary  changes  in  the  nucleus 
which  are  seen  in  the  mitotic  cell  division,  the  nucleus  with  its  membrane 

becomes  constricted  and  finally  divides  into  two  or  more  parts  which  be- 
come new  nuclei.  At  the  same  time  or  following  this  simple  nuclear 

division  the  cell  body  divides,  and  thus  two  or  more  cells  may  form  in 
the  place  of  one.  Sometimes  the  nuclear  division  is  not  followed  by  a 

division  of  the  cell  body,  and  thus  multinuclear  cells,  or  "giant  cells," 
may  be  formed. 

I  Sec  iummBry  by  WilKin.  Science.  Feb.  24,  IWa.  For  a  rftum£  of  physiology  and  patholoRyof 
the  nucleus  sec  Ad/imi.  Brit.  Med,  Jour.,  Dec.  22,  IDOfl,  p.  1700.  Consult  alw  Adami  on  development 

and  inheritance.  -Principles  olPuihologi"/'  vol.  i. 
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The  significance  of  the  difference  between  the  amitotic  and  the  mitotic 
cell  division  is  that,  while  in  the  former  there  is  an  exactly  even  division 
of  chromatin  to  the  daughter  nuclei,  the  division  in  the  latter  is  of  the 
nuclear  mass  as  a  whole. 

Amitotic,  as  well  as  mitotic,  division  occurs  in  leucocytes,  in  some 
forms  of  epithelium,  and  in  pathological  new  formations.  While  the 
nature  of  the  process  is  little  understood,  there  appears  to  be  much 

reason  for  the  belief  that,  in  general,  amitotic  division  is  ̂*  characteristic 
of  highly  specialized  or  degenerating  cells  in  which  development  is  ap- 

proaching its  end."^ 

GENERAL  CHARACTERS  A]fD  LDflTATIONS  OF  CELL  REGENERATION. 

It  should  be  borne  in  mind,  in  studying  the  regeneration  of  various 
kinds  of  cells  and  tissues,  that  the  acquirement  by  certain  cells  of  special 
functional  powers  as  the  result  of  the  physiological  division  of  labor  has 

involved  the  impairment  of  some  of  their  more  primitive  general  capac- 
ities, among  these  that  of  reproduction.  Thus  it  is  that  we  find  in  the 

ganglion  cells  an  almost  total  lack  of  reproductive  capacity;  while  in 
many  of  the  gland  cells  this  is  slight,  in  others  considerable.  In  some  of 
the  less  highly  differentiated  cells  of  the  body,  on  the  other  hand,  as  in 

certain  forms  of  epithelium,  in  blood  cells,  and  in  the  cells  of  the  con- 
nective tissue,  this  primitive  capacity  of  protoplasm  to  form  new  simi- 

lar cells  by  division  is  maintained,  and  may  be  evoked  by  the  changed 
conditions  which  injury  or  loss  involves. 

Although  the  occurrence  of  mitosis  is  the  mark  by  which  we  espe- 
cially recognize  the  regenerative  process  in  cells,  it  should  be  remembered 

that  mitosis  or  some  of  its  phases  may  occur  in  cells,  without  being  fol- 

lowed by  those  further  changes  which  lead  to  new  cells  or  new  tissues.^ 
We  may  also  often  recognize  new-formed  cells  and  tissues  by  differ- 

ences in  the  shape  and  character  of  the  cells  and  the  arrangement  of  the 
tissue  elements,  these  often  approaching  the  embryonic  type  in  form  as 

well  as  in  character  of  development.  P'urthermore,  the  atypical  arrange- 
ment often  seen  in  new-formed  cells,  both  in  regard  to  each  other  and  in 

their  association  with  older  tissues,  may  aid  in  the  identification  of  the 
formative  process. 

Individual  cells,  even  after  having  undergone  marked  structural 

changes — as,  for  example,  in  albuminous  degeneration — or  after  a  cer- 
tain degree  of  physical  injury,  may  be  restored  to  a  normal  condition. 

After  destructive  injury  or  loss,  a  full  and  complete  replacement  of 
cells  and  tissues  can  occur  only  as  the  result  of  a  proliferation  of  cells  of 

the  same  type  as  those  to  be  restored.  Thus  a  regeneration  of  epithe- 
ium  occurs  by  proliferation  and  growth  of  epithelial  cells  alone;  regen- 

•  For  a  comprehensive  summary  of  facts  and  theories  concerning  the  cell,  both  in  higher  and  lower 

forms  of  life,  consult  WHsons  masterly  work,  "The  Cell  in  Development  and  Inheritance." 
2  One  is  often  disappointed  in  seeking  for  mitotic  figures  to  find  so  few  of  them  even  in  rapidly 

growing  tissues.  This  is  due  to  the  fact  that  cell  division  even  when  active  is  not  continuous,  and 

period'?  of  reU  may  follow  the  act  of  division.  See  Thomas  "Text-hook  of  General  Pathology,"  English 
Tr.,  vol.  i.,  p.  481. 
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eration  of  muscle  by  muscle  cells,  etc.  In  fact,  however,  in  the  higher 
types  of  tissue,  after  considerable  injuries  with  loss  of  substance  or  after 
destructive  pathological  processes,  complete  regeneration  is  not  common. 
This,  as  we  have  seen,  is  because  the  highly  specialized  cells  of  the  body 
are  limited  in  their  capacity  for  reproduction  closely  to  the  domain  of 
physiological  regeneration.  What  we  ordinarily  call  healing  in  exten- 

sive wounds  of  the  more  highly  specialized  tissues  is  usually  a  provi- 
sional makeshift  repair  by  means  of  new-formed  connective  tissue. 

We  have  seen  that  the  regenerative  capacity  in  the  cells  of  the  human 
body  is  most  marked  in  the  less  highly  differentiated  types  of  cells,  and 

that  it  is  above  all  connective  tissues,  blood-vessels,  and  epithelium 
which  most  freely  and  most  completely  undergo  regeneration.  These 
are  relatively  lowly  organized  tissues  and  serve  for  the  maintenance  or 
protection  of  more  highly  specialized  tissues,  and  with  them  regenera- 

tion may  be  complete  with  full  restoration  of  function.^  But  although 
the  more  highly  organized  tissues  in  man  do  not  undergo  after  injury  any 
considerable  regeneration,  they  are,  when  uninjured,  capable,  under  the 
stimulus  of  increased  functional  exercise,  of  compensatory  hypertrophy, 
so  that  the  loss  to  the  organism  of  similar  tissue  is  made  good,  an  ex- 

ample of  which  is  the  structural  hypertrophy  and  increased  performance 

of  one  kidney  after  the  removal  of  the  other.  ̂  
The  capacity  to  regenerate  lost  or  injured  parts  exists  to  a  certain  ex- 

tent in  all  animals  but  is  most  marked  among  the  lower  forms.  Thus  if 
an  amoeba  be  cut  in  two  so  as  to  leave  one  part  with  the  intact  nucleus, 

this  part  lives  and  the  one-celled  organism  is  completely  restored.  The 
fresh-water  hydra,  composed  of  many  cells,  may  reproduce  a  large  por- 

tion of  the  organism  from  a  small  severed  fragment.  The  common  earth 
worm  can  reproduce  a  severed  head  or  tail.  Crabs  reproduce  a  whole  leg 
if  the  severance  takes  place  at  a  particular  joint.  Salamanders,  snails, 

etc.,  can  reproduce  a  leg  and  tail.  It  is  further  noteworthy  in  this  connec- 
tion that  the  larvae  of  many  lower  forms,  such  as  reptiles  and  insects, 

have  a  much  greater  capacity  for  the  reproduction  of  lost  parts  than  the 

same  species  have  when  in  the  adult  condition.' 

REGENERATION  OF  SPECIAL  TISSUES. 

Regeneration  of  the  Nerve  Tissue. — In  the  nervous  system  we  find  no 
evidence  that  the  ganglion  cells  are  capable  of  reproduction.  Some  phases 
of  mitosis  are  occasionally  found  in  them,  although  they  do  not  appear 
to  lead  to  proliferation.  But  if  the  essential  parts  of  the  ganglion  cells, 
including  the  nuclei,  be  intact,  a  restoration  may  occur  of  their  central 
as  well  as  their  peripheral  branches.  The  fibrous  and  the  neuroglia  tis- 

sue of  the  central  nervous  system,  on  the  other  hand,  may  increase,  and 

1  Consult  Morgan,  "Regeneration,"  Columbia  University,  Biol.  Ser.,  1901. 
2  For  an  illuminating  discourse  on  the  surplus  of  functional  provision  in  the  body  see  Melizer, 

*'  The  Factors  of  Safety  in  Animal  Structure  and  Animal  Economy,"  Harvey  Lecture,  1907,  reprinted  in 
Jour.    Am.  Med.  Assn,  xlviii,  655,  1907. 

'  For  a  suggestive  study  of  the  laws  of  growth  and  changes  in  cells  and  tissues  during  development, 
and  their  relationship  to  the  nature  and  cause  of  old  age,  see  Minot,  Harvey  Lectures,  1905-1906.  Also 
Pop.  Sci.  Monthly,  Ixxi,  1907. 
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in  this  way,  even  with  considerable  loss  of  substance,  injuries  to  the 
brain  and  cord  may  undergo  a  sort  of  patchwork  repair. 

In  the  peripheral  nerves  a  considerable  regeneration  of  fibres  may 
take  place  after  injury,  when  the  corresponding  ganglion  cells  are  intact. 
This  restoration  may  be  effected  in  part  by  fibrous  tissue  which  bridges 
the  damaged  region  and  affords  guides  or  channels  along  which  the  axis 
cylinders  may  grow  out  from  the  uninjured  central  segments,  finding 
their  way  to  their  endings,  as  in  embryonic  development  they  stretch 
into  the  tissues  far  from  the  ganglion  cells  in  which  they  originate.  The 
restitution  is  possible  here  because  the  centre  of  nutrition  and  at  least  a 
limited  reparative  control  in  the  ganglion  cell  are  intact. 

Further  details  as  to  degenerations  and  regenerations  of  nerves  and 
nerve  tracts  may  be  found  in  the  chapter  devoted  to  The  Nervous 

System. 
Regeneration  of  Muscle  Itssue. — Regeneration  of  smooth-muscle  tissu4i 

after  injury  is  slight.  Mitosis  may  occur  in  the  cells  and  preliminary 
phases  of  division  of  the  body  have  been  described,  but  it  is  doubtful 
whether,  except  possibly  to  a  very  slight  extent,  new  cells  are  formed. 
Such  healing  as  occurs  after  wounds  and  other  injuries  is  largely  effected 
by  new-formed  fibrous  tissue. 

A  partial  regeneration  of  striated  muscle  occurs  after  various  forms  of 
damage  and  losses  of  substance.  There  may  be  division  by  mitosis  in 
the  sarcolemma  nuclei  (Fig.  43)  associated  with  the  accumulation  near 

il-:.i':j;|-i 
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Fig.  43. — Regeneration  of  Striated  Muscle  after  Injury. 

The  nuclei  of  the  sarcolemma  have  proliferated  and  are  surrounded  by  a  small  amount  of  non-striated 

protoplasm. 

them  of  granular  protoplasm,  which  becomes  striated,  either  in  situ  or 
as  independent  cells.  At  the  injured  end  of  the  muscle  fibre  a  similar 
process  may  occur,  so  that  these  damaged  fibres  may  be  in  part  restored. 
If  as  the  result  of  the  injury  some  of  the  nucleated  protoplasm  escapes 
from  the  sarcolemma,  a  similar  development  of  striated  cells  and  cell 
masses  mav  occur. 

It  is  especially  in  certain  forms  of  degeneration  of  the  contractile 

substance,  after  typhoid  fever  for  example,  in  which  the  nuclei,  the  sar- 
colemma, and  the  general  framework  of  the  tissue  are  uninjured,  that 

regeneration  of  striated  muscle  fibres  is  most  complete.  After  injuries 
with  considerable  destruction  of  the  muscle  tissue,  regeneration  is  apt  to 
be  irregular  and  incomplete.  While  there  is  often  much  nuclear  divi- 

sion and  often  the  formation  of  large  numbers  of  more  or  less  striated 
and  variously  shaped  cells,  these  are  apt  not  to  develop  into  useful 
muscle  fibres  and  may  disappear  by  degeneration  and  absorption  or  by 
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pressure  atrophy.  Here,  as  elsewhere  in  highly  organized  tissues,  such 
restitution  as  is  possible  after  considerable  injury  is  achieved  by  fibrous 
tissue. 

It  is  interesting  to  note  that  such  regeneration  as  does  occur  in 
striated  muscle  is  not  initiated  by  the  highly  differentiated  contractile 
substance,  but  by  the  nuclei  and  small  residual  amount  of  undifferen- 

tiated protoplasm,  and  that  such  more  or  less  definitely  striated  colls  as 
arc  formed  are  in  many  respects  similar  to  certain  forms  of  developing 
muscle  cells  in  the  embryo. 

Although  mitosis  and  nuclear  division  have  been  seen  in  the  muscle 
fibres  of  the  heart  after  injury,  there  is  no  evidence  that  new  muscle  can 
be  formed.     Repair,  which  is  not  infrequent,  is  secured  by  fibrous  tissue. 

Regeneration  of  Epithelium. — Owing  to  continuous  shedding  or  to 
functional  destruction  of  epithelium  of  the  skin  and  mucous  membranes 
and  certain  of  their  adnexa,  physiological  regeneration  by  mitosis  is 
common. 

After  injuries,  also,  regeneration  of  epithelium  in  these  situations  oc- 
curs by  mitosis  and  may  be  extensive  and  complete.  The  new  epithelium 

always  forma  from  the  old,  and,  when  surface  losses  are  to  be  made  good, 
extends  inward  from  the  edges  across  the  injured  area  after  a  suitable 
substratum  has  been  formed  by  fibrous  tissue  and  blood-vessels  (Fig.  44). 

The  new  epithelium  is  at  first  atypical  in  form  and  arrangement  owing 
to  the  necessity  for  a  gradual  adaptation  to  the  sustaining  and  associated 
tissues.  Thus  the  epithelium,  which  at  first  presses  forward  over  a  heal- 

ing wound  of  the  skin,  may  be  in  the  form  of  an  irregular  layer  of  cells 
(see  Fig.  45)  or  of  a  thin  smooth  pellicle  without  the  usual  variations  in 
size  and  shape  by  which  it  is  later  characterized  when  the  papillie  of 
the  new  cutis  are  formed  and  the  new  cells  have  adjusted  themselves 

to  these  and  to  each  other.'  In  stratified  epithelium  it  is  the  deeper 
layers  from  which  the  new  celts  chiefly  arise.  While  amitotic  division 
has  been  observed  in  the  restitution  of  surface  epithelium,  this  occurs 
in  the  more  superficial  cells  and  is  believed  not  to  be  concerned  in  the 
regenerative  process. 

Regeneration  of  gland  epithelium  after  injury  is  of  frequent  occur- 
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rcnce,  though  this  capacity  varies  considerably  in  different  glands.  In 
many  cases  it  appears  to  be  by  a  proliferation  of  the  epithelium  lining 
the  smaller  excretory  ducts  that  the  restitution  is  accomplished,  rather 

than  by  the  more  highly  differentiated  secreting  cells.  This  is  of  espe- 
cial interest  because  it  affords  an  excellent  example  of  the  rehearsing 

under  abnormal  conditions  and  for  reparative  ends  of  a  developmental 

phase  of  cell  life. 
In  the  liver  very  extensive  new  formation  of  liver  cells  may  occur 

after  experimental  removal  of  a  portion  of  the  organ.  These  new  cells 
arising  largely  from  the  epithelium  of  the  -small  gall-ducts  do  not  form 
real  liver  tissue,  however,  since  in  this  a  definite  relationship  must  exist 

between  the  liver  cells  and  the  gall-ducts,  the  blood-vessels  and  the 
interstitial  tissue.  Such  a  relationship  can  be  secured  only  under  the 
conditions  of  embryonic  development  when  all  the  various  tissues  in- 

volved are  being  formed  together.  Aftei-  large  destruction  of  Hver  cells 
in  certain  forms  of  toxa>mia — called  acute  yellow  atrophy  of  the  liver — 
there  may  be  an  extensive  and  successful  regeneration  because  the 
as.sociated  tissues  arc  not  at  the  same  time  destroyed. 

In  the  thyroid  (jluiid  new  gland  tissue  may  be  formed  after  injury. 
In  the  kidney  the  regenerative  capacity  of  the  epithelium  appears  to 

be  less  marked,  though  proliferation  of  the  epithelium  of  the  collecting 
tubes  may  take  place  and  epithelium  to  a  con.siderable  extent  may  be 
renewed  if  the  blood-vessels  and  interstitial  tissue  remain  intact,' 

Regeneration  of  epithelium  to  a  considerable  extent  may  lake  place 
in  the  mammary  and  salirory  ylands.     But  here  it  is  the  less  highly  dif- 
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ferentiatcd  cells  of  the  oxcretory  ducts  rather  than  the  secreting  epi- 
thelium through  which  regeneration  is  secured.  In  the  omry  and 

testicle  a  slight  amount  of  regenerative  capacity  may  be  manifested 

through  mitosis  and  division  of  epithelium,  but  its  results  are  insig- 
nificant. The  pancreas  and  spleen  show  little  or  no  capacity  for 

regeneration.' 
In  all  these  cases  of  partial  regeneration  it  is  often  diflScult  to  deter 

mine  how  much  of  the  inci^case  in  parenchyma,  which  undoubtedly  does 
occur,  is  due  to  a  formation  of  new  gland  tissue  and  how  much  to  a  com- 

pensatory hypertrophy  of  the  old.  While,  therefore,  it  is  true  that  after 
injuries  to  the  glands  a  considerable  regeneration  of  epithelium  may 
occur,  when  the  loss  of  substaneo  is  extensive  it  is  usually  rather  by  a 

fibrous-tissue  repair  or  by  a  compensatory  hypertrophy  or  hyperplasia  in 
the  uninjured  portions  of  the  organ  than  by  the  new  formation  of  true 
gland  tissue  that  restitution  occurs. 

Regeneration  of  Connective  Tissue. — We  have  seen  again  and  again 
in  reviewing  pathological  regeneration  that,  in  local  restoration  after 
injury,  fibrous  tissue  playa  an  important  part,  either  by  itself  or  in  asso- 

ciation with  various  forms  of  parenchyma.     New  fibrous  tissue  readily 

forms  in  the -adult  to  replace  tissue  which  has  been  destroyed.     It  re- 
sults from  many  kinds  of  prolonged  chemical  and  mechanical  irritants. 

Atrophy  of  the  parenchyma  may  be  followed  by  interstitial  fibrous- 
tissue  growth,  or  new  fibrous  tissue  _ 
may  develop   under  the  influence 
of   bacterial  and  other  toxie  Kub- 
stances,   and    it   frequently  forms 
dense  capsules  about  the  seat  of 
ohl  lesions  or  around  foreign  bodies. 

Many  forms  of  compensatory 
fibrous-tissue  development  will  be 
described  in  the  second  section  of 

this  book,  such  as  thickening  of 
the  walla  of  blood-vessels,  inflam- 

matory adhesions,  replacement 
hyperplasia,  etc. 

We  have  now  to  consider  briefly        Fio. «.— MiT.mw  m  granuution  twbue. 

the  changes  involved  in  the  new  .  Twoof  Ihenew-fonnmlconnectiTO-liMuetpllB r  .-  j»      ̂ 1  ■        /-I  ^'  show    Diitolic  fiBiiiT*!,      Three  leucocytes   have 
tormatlOn     of     this     fibrous    tissue.       wsadered  inunhc  new  liBaue. 

Here,  as  in  all  other  tissues  of  the 
body,  it  is  the  cells  alone  which  take  the  initiative,  the  formation  of 
intercellular  substance  being  always  secondary  to  the  formation  of  the 
cells  and  always  occurring  under  their  influence. 

Xew  connective-tissue  cells  may  be  formed  by  mitosis  (Fig.  40), 
either  from  older  connective-tissue  cells,  or,  as  now  seems  certain,  from 
the  endothelium  of  the  blood-vessels*  and  possibly  from  the  so-called 

H'n.lnirnfft,  Arrh.  r.  Milt.  An,.t,.  19I)S.  Mil.  "      '      "'"''         '!"■<'"■'"' '  See  Baumgarltn,  Arbcites.  Path.  Inst.  Tubingen,  Bd.  iv.,  p.  ̂110. 
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"plasma  cells/^*  In  either  ease  the  cell  about  to  divide  shows  an  increase 
in  the  size  of  the  body,  which  becomes  more  granular;  the  nucleus  divides 
by  mitosis,  segmentation  of  the  cytoplasm  following.  This  process  may 
be  repeated  so  that  many  cells  are  derived  from  one,  separated  at  first  by 
a  small  amount  of  homogeneous  intercellular  substance.  These  cells, 
at  first  more  or  less  spheroidal  in  form,  may  become  larger,  and  polyhedral 
or  elongated.  Little  by  little,  fine  fibrils  appear  between  the  cells,  some- 

times apparently  as  extensions  of  their  cytoplasm,  sometimes  along  their 
sides  in  the  homogeneous  material  in  which  they  lie.  Such  new  con- 

nective-tissue cells  concerned  in  the  formation  of  fibrillar  stroma  are 
called  fibroblasts  (Fig.  47).     As  the  fibrous  stroma  increases  in  amount 

^aSpi  0 

Fig.  47. — Regeneration  op  Connective  Tissue. 

Showing  fibroblasts  with  a  few  new-formed  intercellular  fibrils  between  them.     The  walls  of  the  blood- 
vessels are  very  thin. 

the  cells,  at  first  relatively  abundant,  become  elongated  and  flattened, 
until  as  the  new  tissue  approaches  maturity  the  more  or  less  dense 
fibrillar  stroma  preponderates,  pressing  the  cells  between  its  bundles  or 
layers  into  variously  shaped  plaques,  often  fusiform  or  linear  in  profile. 

In  the  formation  of  fibrillar  connective  tissue  from  endothelium  the 

endothelial  cells  of  thin-walled  blood-ves.sels  increase  in  size,  stretch 
slender  bud-like  extensions  into  the  adjacent  tissue,  where,  after  mitotic 
division,  they  assume  a  r6le  altogether  identical  with  that  of  the  ordinary 
connective-tissue  cell. 

'  Plasma  Cells. — It  is  believed  by  many  that  the  so-called  plasma  crlls  are  frequently  and  largely 
concerned  in  the  formation  of  new  fibrous  tissue.  Plasma  cells  are  rounded  or  polyhedral  or  elongated, 

depending  upon  their  situation,  and  var>'  in  size  from  that  of  a  leucocyte  to  many  times  this  size.  The 
rounded  or  oval  nucleus  Is  usually  excentric  and  commonly  shows  several  irregular  groupings  of  chro- 

matin masses  just  beneath  the  membrane.  The  body  of  the  plasma  cell  is  especially  characterized  by 

the  staining  of  its  protoplasm  by  basic  anilin  dyes — the  polychrome  methylene  blue  of  I'nna,  for  example. 
The  staining  is  commonly  less  intense  near  the  nucleus  and  is  otherwase  frequently  uneven. 

Such  cells  occur  normall>-  in  the  bone-marrow,  spleen,  lymph-nodes,  and  gas tro- intestinal  mucosa 
of  man,  and  may  be  found  under  various  pathological  conditions,  especially  in  hyperplasia  and  the  new 
formation  of  fibrous  tissue.  It  is  believed  by  many  observers  that  plasma  cells  are  direct  derivatives 
of  the  small  mononuclear  lymphocytes,  and  that  when  these  gather  in  the  tissue  by  emigration,  they 
may  cither  undergo  degeneration  and  destruction,  or,  on  the  other  hand,  they  may  become  connective- 
tissue  cells  and  share  as  fibroblasts  in  the  formation  of  fibrillar  stroma.  Other  observers  believe  some 

forms,  at  least,  of  plasma  cells  to  be  simply  fibroblasts  which  have  assumed  a  spheroid  form.  The 

origin  and  significance  of  '*  plasma  cells"  are  not  yet  altogether  clear,  and  we  must  refer  to  larger  works 
for  further  data.  Sec  *'  Critical  Summar>'  of  Recent  Literature,"  by  Williamft,  American  Journal  of  the 
Medical  Sciences,  vol.  cxix.,  p.  702,  1900.  also  "Plasma  Cells  in  Liver,"  Porcile,  Ziegler's  Beitr.,  Bd. 
xxxvi.,  p.  375,  1904. 
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The  formation  of  new  connective-tissue  cells  may  be  large  or  it  may 
be  limited  to  the  production  of  a  single  pair  of  cells;  the  stroma  may  be 
scanty  or  abundant,  loose  or  dense;  the  process  is  essentially  the  same, 
namely,  the  division  of  cells  by  mitosis,  and  the  formation  by  them,  or 
under  their  influence,  of  more  or  less  fibrillar  stroma.  This  process,  it 
will  be  seen,  is  practically  identical  with  the  formation  of  fibrous  tissue 
in  the  embryo. 

But  here,  as  elsewhere,  the  character  and  extent  of  new  tissue  pro- 
duction are  largely  influenced  by  the  environment,  and  particularly  by 

the  nutritive  supply,  so  that  the  formation  of  new  connective  tissue  in 

any  considerable  amount  is  closely  linked  to  the  development  of  bloo<l- 
vessels. 

Regeneration  of  Endothelium. — The  regeneration  of  endothelium^ 
which  seems  to  be  closely  related  to  that  of  connective  tissue,  takes  place 
readilv.  The  new  cells  advance  over  denuded  surfaces  in  a  manner 

similar  to  that  in  epithelial  repair.  Whether  the  new  cells  always  origi- 
nate in  the  old  neighboring  endothelium  or  may  be  more  directly  derived 

from  fibroblasts  is  not  yet  fully  determined. 
The  Fonnation  of  Blood -Vessels. — The  formation  of  blood-vessels  in 

post-embryonic  life  is  believed  always  to  start  in  a  budding  or  sprouting 

Fig.  48. — Developing  Blood-vessels  in  New-formed  Tihsie. 

of  the  endothelial  cells  of  pre-existing  capillaries.  The  sprouts,  directed 
outward  from  the  endothelia  of  the  capillaries,  consist  at  first  of  buds, 
then  of  slender,  conical,  or  filiform  projections  of  cytoplasmic  substance 
(Fig.  48).  Now  the  cytoplasm  of  the  cell  from  which  the  sprout  springs 
may  increase  in  amount  and  its  nuclei  divide  by  mitosis,  so  that  the  base 
of  the  sprout  may  consist  of  a  multinuclear  mass  of  cytoplasm  or  of  a 
cluster  of  new-formed  cells.  The  sprouts  may  extend  for  a  long  distance 
into  the  surrounding  region,  whether  this  be  already  organized  tissue 
m  which  the  vessels  are  increasing  in  number  or  unorganized  lifeless 
material  like  blood-clot,  which  is  to  be  replaced  by  new  living  structures. 
If  a  similar  process  be  in  progress  in  neighboring  vessels,  the  sprouts  may 
unite  at  their  extremities,  forming  a  slender  solid  protoplasmic  bridge 



76  PROGRESSIVE   TISSUE   CHANGES 

from  vessel  to  vessel.  The  sprouts  now  become  thickened  and  gradually 
channelled  out  at  the  base  by  pressure  of  the  blood  in  the  vessel  from 
which  they  spring.  The  blood  enters  these  lengthening  channels, 
forcing  its  way  along  them,  forming  a  lumen  as  it  goes.  Simultaneously 
with  this  advance  of  the  lumen,  new  nuclei  are  formed  by  division  of  the 
old  along  the  sides  of  the  vessel,  and  the  new  structure  gradually  assumes 
a  distinctly  cellular  and  vascular  character.  At  length  the  channel  is 
complete;  the  new  vessels  have  well-defined  endothelial  walls  and 
connective-tissue  cells  from  without,  or  new  connective-tissue  cells 
which  have  been  formed  about  the  nuclei  of  the  protoplasmic  sprout, 
range  themselves  outside  along  the  walls.  So  the  new  vessel  takes  its 
place  in  the  vascular  system  of  the  part.  Thus,  in  a  short  time,  many 

new  blood-vessels  may  form,  furnishing  nutritive  centres  about  which 
the  organization  of  tissue  proceeds. 

In  the  new  formation  of  arteries  it  is  believed  that  the  smooth-muscle 

tissue  is  formed  by  a  growth  along  the  developing  vessel  from  a  pre- 
existing artery. 

The  Formation  of  Lymph-Vessels. — The  formation  of  lymph  channels 
in  granulation  tissue  takes  place  in  the  same  way  as  that  of  blood- 

vessels, the  process  being  initiated  by  the  formation  of  buds  from  the 
endothelium  of  existing  vessels  which  push  their  way  out  into  the  new 
tissue,  gradually  acquiring  lumina  and  forming  anastomoses  with  other 
trunks. 

Regeneration  of  Cartilage  and  Bone. — New  cartilage  may  form  by 
the  proliferation  either  of  connective-tissue  cells  or,  to  a  slight  extent, 
of  cartilage  cells,  and  the  formation  about  the  new  cells  of  the  character- 

istic basement  substance.  It  is  the  connective-tissue  cells  of  the  peri- 
chondrium from  which  especially  new  cartilage  is  formed. 

The  new  formation  of  bone  under  pathological  conditions  is  not 
brought  about  by  the  bone  cells,  but  by  the  development,  first,  from  the 
cells  of  the  periosteum  or  of  the  marrow,  of  a  cellular  connective  tissue, 
or  from  the  perichondrium  of  a  form  of  hyaline  cartilage.  From  these 

tissues,  by  processes  essentially  similar  to  those  in  the  embryonic  develop- 
ment, the  new  bone  is  formed  under  the  influence  of  osteoblasts  (see 

p.  876). 
The  regeneration  of  bone  marrow  takes  place  through  the  activities 

of  the  characteristic  marrow  cells  together  with  those  of  the  blood- 

vessels and  cells  of  the  connective  tissue  and  osteoblastic  type.^ 
Regeneration  of  Lymph-Nodes. — Regeneration  of  lymph-nodes  may 

take  place  after  partial  removal.  This  appears  to  be  more  complete 

in  the  earlier  years  of  life.  After  extirpation  of  lymph-nodes  it  has  been 
shown  experimentally  that  new  nodes  may  form.  These  Bayer  believes 
develop  from  fat  tissue.  Further  studies  are  needed  in  the  regeneration 

of  lymph-nodes  and  the  relationship  of  these  and  lymphatic  tissue  to 
fat  and  other  forms  of  connective  tissue.^ 

'  For  stmlies  on  the  rc^oneration  of  bone  marrow,  see  Haasler,  Arch.  f.  klin.  Chir.,  Bd.  1.,  p.  75  1895, 
and  Enderlen,  Deutsch.  Zcits.  f.  (^hirurg,,  Bd.  lii,  p.  293,  1899. 

'  Consult  for  bibl.  of  regeneration  of  lymph-nodes  and  lymph-vessels,  Meyer,  Johns  Hopkins  Hosp. 
Bull.,  vol.  xvii.,  p.  1S5.  19()6. 
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Regeneration  of  Fat  Tissue. — Fat  tissue  is  formed  by  the  accumula- 
tion of  fat  droplets  in  the  ceils  of  various  typps  of  connective  tissue, 

particularly  in  the  young  or  embryonic  forms;  but  adult  connective  tissue 
may  change  into  fat  tissue  by  a  similar  process.  The  repair  of  fat  tissue 
takes  place  by  the  formation  of  young  fibrous  tissue,  whose  cells  and 
stroma  gradually  assume  the  type  of  fat  tissue.  The  cells  of  regenera- 

ting fat  tissue  are  at  first  more  or  less  spheroidal,  and  remnants  of  the 
cytoplasm  may  be  seen  as  more  or  less  crescentic  masses  pressed  to  one 
side  by  the  accumulating  fat  (Fig.  49).  Xew  fat  tissue  which  replaces 

atrophied  organs  or  parts  of  organs,  such  as  kidney,  heart,  lymph-nodes, 
etc.,  is  formed  in  the  same  way.' 

Regeneration  of  Blood. — The  formation  of  leucocytes  appears  to 
occur  chiefly  in  the  masses  of  lymphoid  and  myeloid  tissue  which  are  so 

widely  scattered  in  the  body  in  the  lymph-nodes,  in  the  spleen,  and  in 
the  bone-marrow.  The  polynuclear  leucocytes  are  formed  in  the  bone- 
marrow,  but  their  development  may  be  completed  in  the  circulating 
blood.  Both  mitotic  and  amitotic  cell  division  are  to  be  observed  in 

the  new  formation  of  leucocytes,  but  the  exact  relationship  between 
the  new  cells  produced  in  these  two  ways,  and  their  respective  destinies, 

are  not  yet  verj'  clear.  Regeneration  of  red  blood  celts  seems  to  occur 
in  the  bone-marrow  and  probably  in  the  spleen  and  hfemolymph -nodes 
through  mitotic  division  of  nucleated  forms.  The  latter  may,  under 
pathological  conditions,  appear  in  the  vessels  in  varying  numbers  (see 

Part  II.,  Chapter  I.).' 

TRASSPLAnTATION  OF  TISSUE. 

Transplantation  of  various  types  of  tissue  has  been  frequently  at- 
tempted, and  is,  on  both  theoretical  and  practical  grounds,  of  con- 

siderable interest.     Transplantations  have  been  successfully  made  from 
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one  part  of  the  individual  to  another — autoplastic — or  from  another 
individual  of  the  same  species — heteroplastic. 

A  variety  of  general  conditions  favor  successful  transfer.  The 
tissue  to  be  transplanted  must  be  alive  and  in  good  condition;  young 
tissues  are  more  readily  transferred  than  old;  the  site  to  which  the 
transfer  is  made  must  be  adapted  to  the  growth  of  the  graft.  A  great 
difference  is  observed  in  the  success  of  transplantation  of  various  types 

of  tissue.  Thus,  the  epithelium  of  the  skin  and  various  forms  of  con- 
nective tissue  may  be,  under  favorable  conditions,  readily  transplanted, 

and  produce  new  tissue  of  similar  type.  Thus,  deeply  implanted 
epidermal  tissue  may  grow  and  produce  considerable  new  tissue,  especially 
in  the  form  of  cysts  resembling  either  simple  or  complex  dermoid  cysts. 
Experimental  transplantation  of  various  gland  and  other  special  forms 
of  tissue,  such  as  portions  of  the  kidney,  liver,  sebaceous,  salivary  and 
mammary  glands,  testicles,  ovary,  periosteum,  bone,  and  cartilage, 
show  that  there  may  be  at  first,  if  the  conditions  be  favorable,  a  slight 
proliferation  of  the  transplanted  tissue  cells.  Together  with  this  growth 
in  the  better-nourished  parts  of  the  tissue  grafts  there  is  apt  to  be  a 
more  or  less  extensive  necrosis  of  other  portions.  But  the  proliferative 
activities  of  transplanted  gland  tissue  are,  as  a  rule,  not  permanent; 
they  presently  cease  and  sooner  or  later  these  tissues,  with  necrotic 
portions  of  the  grafts,  are  absorbed. 

Transplantation  of  epidermis  for  practical  purposes  has  become  a 
part  of  surgery,  aiding  in  the  repair  of  surface  losses  of  skin.  The  graft 
properly  implanted  upon  the  granulating  surface  becomes  closely 

attached  by  the  growth  into  it  of  new  connective-tissue  cells  and  blood- 
vessels. The  old  connective  tissue  of  the  graft,  as  well  as  most  of  the 

epithelium,  especially  the  superficial  layers,  usually  dies  and  is  cast  off 
or  absorbed,  while  new  epithelium  formed  from  the  remaining  cells 
makes  its  way  over  the  granulating  surfaces. 

In  transplantations  of  bone  the  grafts  seem  to  furnish  a  nidus  into 

which,  hand-in-hand  with  its  absorption,  new  bone  grows  under  the 
influence  of  osteoblasts  of  the  old  periosteum,  but  does  not  itself  appa- 
ently  share  in  the  new  production  of  bone  tissue. 

Portions  of  the  thyroid  gland  and  of  the  ovary  have  been  successfully 

transplanted.^ 
Carrel  has  found  that  heteroplastic  transplantations  of  whole  organs — 

kidney,  spleen,  leg,  segments  of  blood-vessels,  etc. — in  animals  may  be 
successfully  accomplished  if  through  accurate  vascular  anastomoses  the 

circulation  can  be  re-established,  and  other  relationships  of  the  parts — 

nerves,  ducts,  etc. — be  properly  restored.^ 
*  For  study  of  transplantation  of  thyroid  see  Payr,  Arch.  f.  klin.  Chir.,  Bd.  80,  1906. 
'  For  a  summary  of  observations  on  tissue  transplantation  see  Hibbert,  "Allg.  Pathologie,"  1905, 

p.  297.  See  also,  for  transplantation  of  organs,  Nichols,  '*  Third  Report  of  the  Croft  Cancer  Commis- 
sion," Jour.  Med.  Res,,  vol.  xiii.,  p.  221,  1905.  For  transplantation  of  human  ovaries  see  Cramer^ 

MQnch.  Med.  Wochenschr.,  Sept.  25th,  1906.  See  also,  for  transplantation  of  oiKans  and  blood- 
vesiels,  Carrel  and  Guthrie,  "Surgery,  Gynecology  and  Obstetrics,"  vol.  ii,,  p.  266,  1906;  Jour.  Am- 
Med.  Assoc,  Nov.  25th,  1905;  Am.  Jour.  Med.  Sci.,  Feb.,  1906;  Science,  Mar.  9th,  1906.  and  April  13th, 
1906;  Carrel,  Jour.  Exp.  Med.,  vol.  x.,  p.  98.  1908;  vol  xii.,  139,  146,  1910;  Outhrie,  Jour.  Exp. 
Med.  xii,  269,  1910. 
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The  Impulse  to  Cell  Regeneration. 

While  we  can  thus  summarize  the  differing  capacities  of  the  body- 
cells  for  regeneration;  while  we  know  many  of  the  general  conditions 
under  which  the  impulse  to  cell  proliferation  and  growth  is  manifested ; 
while,  further,  we  have  learned  something  of  the  delicate  mechanism 
through  which  division  is  controlled  and  effected,  at  the  end  we  must 
acknowledge  that  we  do  not  know  why  cells  divide.  We  may  say  that 
it  is  due  to  a  chemical  or  a  mechanical  stimulus,  and  it  certainly  may  be 
associated  wdth  both;  or  that  increased  nutrition  favors,  while  innutrition 
retards  cell  multiplication;  we  may  cite  direct  or  remote  injury,  or  talk 
of  the  inhibition  of  organic  control,  disturbed  tissue  equilibrium,  dimin- 

ished pressure,  reversion,  etc.,  but  w^hen  all  is  said  we  are  forced  to  recur 
to  some  unknow^n  factor  in  the  inherited  constitution  of  the  cell  w^hich 
determines  the  measure  and  character  of  its  response  to  the  most  varied 
influences. 

The  hypothesis  of  Ribbert,  in  accordance  with  which  the  capacities 
of  cells  to  proliferate  and  grow%  so  manifest  in  embryonic  life,  are  held 
in  restraint  in  the  normal  adult  body  by  a  subtle  correlation  of  cells  and 
tissue,  is  most  suggestive  in  this  connection.  When  this  mutual  relation- 

ship is  disturbed,  as  is  the  case  under  many  of  the  conditions  in  which 
regeneration  takes  place,  the  cells,  in  the  conception  of  Ribbert,  are 
freed  from  certain,  at  least,  of  their  organic  restraints.  These  restraining 

conditions  he  calls  "tissue  tension,"  meaning  thereby,  however,  some- 
thing more  complex  and  subtle  than  simple  physical  tension.  Thus, 

free  to  exert  their  primitive  capacities,  formerly  held  in  restraint  by  the 

environment,  w^e  can  conceive  how  cells  proliferate  and  new  tissues  are 
formed  in  the  regenerative  processes  without  assuming  the  acquirement 
of  any  new  capacities  and  without  the  assumption  of  vague  and  special 

stimuli.^ 
According  to  this  conception,  then,  the  regenerative  processes  lead- 
ing to  the  formation  of  new  cells  and  tissues  are  not  brought  into  play 

by  stimuli  furnished  by  injuries — the  so-called  "formative  stimuli" 
of  an  earlier  time.  But  new  cells  and  tissues  form  as  the  result  of  the 

release  of  inherent  capacities  of  cells  normally  held  in  restraint  after 
the  developmental  period,  by  their  associations  as  parts  of  an  organism. 
Thus,  when  conditions  of  nutrition,  pressure,  organic  association,  pos- 

sibly of  protoplasmic  continuity  or  of  nerve  correlation,  are  disturbed, 
for  example,  through  trauma,  poisons,  degenerations,  prolonged  hyper- 
semia,  and  various  other  vascular  and  nutritive  cellular  disturbances, 
the  leash  of  organic  control  is  loosened,  and  the  primitive  capacities 
of  the  cells  arc  temporarily  free  to  act.     But,  as  we  have  seen,  this 

*  For  a  riaumi  of  Ribbert'a  hypothesis  and  it«  applications  to  regeneration,  hypertrophy,  etc.,  see 
Ribbert,  "Allgemeine  Pathologic,"  2d  Ed.,  1905;  also  references  under  "Origin  of  Tumora,"  p.  351. 
For  a  criticism  of  Ribbert's  views  see  Adami'a  "Pathology,"  vol  i.,  p.  537,  el  acq. 

See  also,  for  summary  of  a  new  phase  of  research  and  interpretation  in  the  nature  of  the  "forma- 
tive stimulus"  involved  in  artificially  induced  cell  division  and  artificial  parthenogenesis,  Loeb,  "  Studies 

in  General  Physiology,"  p.  253.  For  general  bibliography  of  r^eneration,  compensatory  hypertrophy, 
etc.,  see  Aachoff,  Lubarech  and  Ostertag's  Ergebnisse,  Jahrg.  v.  for  1898,  p.  22.  For  a  full  considera- 

tion of  the  subjects  dealt  with  in  this  chapter  consult  the  general  pathology  '  Les  Processus  G6n6raux" 
of  Chantemease  and  Podwyaaotakj/,   1901. 
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resumption  of  an  abeyant  potency  in  the  ordinary  processes  of  repair 
is  not  limitless  and,  sooner  or  later,  the  old  controlling  relationships 

of  organic  associations  are  re-established  and  the  reparative  activities 

cease.  ̂  
In  a  later  chapter  we  shall  see,  in  discussing  tumors,  how  a  more 

complete  and  lasting  emancipation  of  certain  cells,  from  the  restraints 
imposed  by  organic  association,  may  possibly  lead  to  most  significant 
and  baleful  consequences  in  the  formation  of  malignant  tumors  (see 
p.  350). 

Finally,  while  we  have  set  forth  somewhat  at  length  the  conceptions 
of  Ribbert,  elaborating  an  original  hypothesis  of  Weigert,  there  are  so 
many  evidences,  especially  clear  in  lower  forms  of  life,  of  the  direct 
incitement  of  cells  to  overgrowth  and  proliferation  by  various  physical 
and  chemical  agencies,  under  conditions  in  which  the  potencies  of  the 

so-called  tissue  tension  cannot  properly  be  invoked,  that  the  assumption 
of  direct  external  stimuli  to  regenerative  cell  activities  in  many  cases 
seems  fully  justified. 

*  For  a  consideration  of  the  bearing  of  this  hyf>o thesis  on  compensatory  hypertrophy,  see  Ribbert, 
"Lehrbuch  der  allg.  Pathologic,"  1905,  p.  315. 



CHAPTER  V. 

INFLAMMATION. 

General  Considerations. 

The  conception  of  inflammation  was  originally  a  clinical  one  in  which 

the  process  was  marked  by  special  symptoms — redness,  heat,  swelling, 
pain,  and  impaired  function.  This  conception  was  gradually  enlarged 
to  embrace  the  new  formation  of  tissue  which  might  be  associated  with 
or  follow  these  symptoms,  or  which  might  be  independent  of  them. 
After  the  knowledge  of  the  importance  of  the  cell  became  general  it 
was  upon  the  formation  and  accumulation  of  cells  and  other  substances 

that  attention  w^as  especially  fixed.  Finally,  the  processes  and  structural 
alterations  embraced  in  the  conception  of  inflammation  became  so 
varied  and  complex  that  a  definition  or  even  a  characterization  seemed 
not  only  diflScult,  but  wellnigh  impossible. 

It  is  only  within  the  past  decade  or  two  that  the  processes  and  lesions 
involved  in  inflammation  have  been  seriously  considered  in  the  light  of 
comparative  pathology  and  as  biological  problems  divorced  for  purposes 
of  research  from  the  dominance  of  traditional  clinical  conceptions.  In 

view  of  our  increased  knowledge  of  the  structure  of  cells  and  of  the  im- 
pulses immediate  and  hereditary  which  determine  their  performances,  it 

seems  possible  now  to  resolve  the  complex  processes  and  lesions  embraced 
in  the  general  notion  of  inflammation  into  more  simple  factors,  and  to 
arrive,  if  not  at  an  exact  definition,  at  least  at  a  reasonable  conception 
of  the  relationship  of  its  phenomena  to  each  other,  to  those  of  normal 
physiology,  and  to  other  phases  of  disease. 

With  this  end  in  view  it  seems  wise  at  first  to  rehearse  as  simply  and 
briefly  as  is  practicable  some  of  the  more  typical  of  the  phenomena  and 
lesions  which  are  commonly  grouped  under  the  term  inflammation. 

While  the  death  of  tissue  from  trauma,  and  degenerative  alterations 
in  the  tissues  in  the  presence  of  various  forms  of  poisons  are  often  impor- 

tant factors  in  the  inflammatory  processes,  we  shall  not  consider  them 
separately  here,  because  they  are  incidental  rather  than  inherent  and 
have  already  been  treated  in  the  section  on  Degenerations  and  Necrosis. 
But  it  should  be  noted  that  various  phases  of  albuminous  degeneration, 
local  or  general,  which  are  induced  by  the  poisons  of  the  pathogenic 
bacteria,  are  very  often  associated  w^ith  inflammation,  and  not  infre- 

quently modify,  or  may  even  determine,  its  occurrence. 
A  comprehensive  survey  of  the  conditions  under  which  inflammation 

most  frequently  takes  place  shows  at  once  that  it  is  almost  always  asso- 

ciated w^ith  some  form  of  injury.  This  may  be  direct  trauma,  or  exces- 
sive heat  or  cold.  It  may  be  poisons  of  various  kinds — from  the  cruder 
6  81 
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inorganic  poisons  inducing  immediate  and  gross  tissue  destruction  to  the 
subtle  toxic  substances  which  result  from  the  metabolism  of  micro- 

organisms or  from  the  aberrant  metabolism  or  degeneration  of  the  body- 
cells  themselves.  Dead  cells  or  tissues  or  foreign  substances  of  many 
kinds  within  the  body  are  common  ineitants  of  the  inflammatory  processes 

Let  us  now  look  at  some  of  the  ways  in  which  the  living  body  re- 
sponds to  injury,  anci  lirst  at  an  injury  which  is  very  slight  and  simple. 

Types  of  the  Inflanmiatory  Reaction  of  the  Body  to  Injuiy. 

Injury    to   Non-vascular  Ilssue. — If  a  small  clean  cut  be  made  in 
living  fibrillar  connective  tissue,  not  involving  blood-vessels,  and  affecting 
only  the  cells  and  fibres  in  the  vicinity  of  the  incision,  and  if  the  sides 
of  the  wound  be  immediately  placed  and  held  together,  the  resulting 

changes  which  lead  to  the  complete  restitution  of  the  part  are  compar- 
atively simple      A  small  quan- 

tity of  fluid  which  oozes  from 
the  tissue  spaces  sticks  the  sitles 

of  the  cut  together.     Such  con- 
nective-tissue colls  as  have  been 

I      seriously   injured,    especially    if 
the  nuclei  have  suffered,  die  and 

i      disintegrate;  and  the.se,  together 
with   such    tissue  fragments  as 
may  Ije  present,  are  removed  by 

_-      _  -_       _  ,  -      _     ,        phagocytes  or  through  autolysis 
-*-  7  -   -     -  -1        and  absoiption.     But  cells  whose 

Fio.  50.— heaunq  OK  »  wuiNu  OF  THK  roHNE..      nucloi    HavB    rcmaincd    intact, 
Without  involvement  of  blood-veasels  a  few  new  whether    directlV    UDOH   the  inci- 

connRclive-tissuecpllB  have  fonnedslootc  the  line  of  .                -      •.     -              i-    .         -    -    -. 
sllahl  injury  (in™ion),  and  the  aidis  of  tile  wound  Slon  or  m  itS  immediate  Vicinity, 
are  JoineJ  by  the  new  cells  and  Rbrib  fomed  by  bcCOme    larger    and  niOPC  graUU- them.     The  epiUielmm   has   regenerated  over  the  ,                         i-    -  i       ,             ■.       ■ 
surfapi.  iar,  may  divide  by  mitosis,  ex- 

tend their  bodies  or  processes 

across  the  plane  of  incision,  bridging  this  at  inter\'als  with  living  pro- 
toplasm. Under  the  influence  of  these  cells,  new  intercellular  fibres 

are  formed,  which  in  a  short  time  bind  the  sides  of  the  wound  firmly 
together  (Fig.  50).  Thus,  with  but  the  slightest  amount  of  tissue 
destruction,  and  with  no  involvement  of  the  blood-vessels,  a  simple 
mechanical  injury  may  be  made  good.  This  form  of  reaction  to  injury 

of  living  tissue  is  known  to  the  surgeons  as  healing  by  "first  intgition." 
The  mode  of  healing  does  not  essentially  differ  if  there  be  a  slight  injury 
to  the  blood-vessels. 

In  injury  to  a  non-vascular  part,  like  the  cornea,  for  example,  the 
primary  reaction  to  the  damage  manifested  by  the  fixed  connective-tissue 
cells  is  often  complicated  by  the  wandering  in  of  leucocytes  from  the 
conjunctival  blood-vessels  in  the  manner  indicated  in  the  next  section. 
This  participation  of  distant  blood-vessels  and  leucocytes  is,  no  doubt, 
incited  by  a  reflex  stimulation  of  the  nerves  of  the  blood-vessels,  and  may 
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be  fostered  under  certain  conditions  by  the  absorption  of  injurious  sub- 
stances which  are  carried  to  the  nearest  blood-vessels  by  the  lymphatics. 

Thus  it  is  that  in  injuries  to  the  cornea,  a  non-vascular  part,  the  lesion 
is  often  complicated  by  the  secondary  participation  of  the  adjacent 
blood-vessels. 

Injury  to  Vasctilar  Tissue. — Let  us  now  look  at  the  effect  on  a  vascular 
tissue  of  an  injury  not  immediately  destructive.  For  this  purpose  the 
mesentery  of  the  bladder  of  a  curarized  frog,  drawn  out  upon  a  suitable 

plate  ̂   upon  the  stage  of  the  microscope  and  kept  moist  by  irrigation  with 
three-fourths-per-cent.  salt  solution,  affords  a  succession  of  most  instruc- 

tive pictures.  The  mechanical  disturbance  of  the  organs  exposed, 
desiccation,  and  a  variety  of  other  physical  and  chemical  vicissitudes  to 
which  they  are  subjected,  are  sufficiently  damaging  to  incite  a  complex 
train  of  responses  on  the  part  of  the  living  tissues. 

In  studying  the  circulation  of  the  blood  in  small  vessels  under  the 
microscope  it  should  be  remembered  that,  while  the  walls  of  these  vessels 
are  made  up  of  living  tissue  and  are  capable  of  responses  by  movement 
or  by  structural  change  to  external  agencies,  whether  applied  directly  or 
through  the  nerves,  they  are  also  elastic  pipes  through  which  fluid  flosw, 
and  that  both  pipes  and  fluid  are  subject  to  the  laws  of  mechanics. 
These  mechanical  laws  are  often  modified  in  expression,  it  is  true,  by 
the  subtle  energies  which  living  tissues  wield,  but,  as  Thoma  more  than 
any  other  has  shown,  they  are  not  to  be  ignored-  by  the  serious  student 
of  the  living  body,  either  in  health  or  disease. 

In  the  bladder  or  mesentery  of  the  frog  the  arteries  and  veins  with 
their  connecting  system  of  capillaries  are  clearly  seen.  When  the  cur- 

rent is  rapid  the  cells  of  the  blood  in  the  arteries  and  veins  are  gathered 
into  a  red  axial  mass  in  which  the  separate  cells  may  not  be  distinguish- 

able, owing  to  their  crowding  and  the  rapid  flow.  Outside  of  this,  against 
the  walls,  is  a  clear  marginal  zone  in  which  a  leucocyte  is  occasionally 
visible.  If  for  any  reason  the  rate  of  flow  be  considerably  diminished, 
the  leucocytes,  which  are  specifically  lighter  than  the  red  cells,  gather  in 
the  marginal  zone.  If  the  current  become  very  slpw  or  be  arrested,  the 

marginal  zone  disappears  and  the  red  and  white  cells  intermingle.^ 
Soon  after  the  exposure  of  the  bladder  or  mesentery  the  tissues  be- 

come hyperaemic.  The  arteries,  veins,  and  capillaries  dilate,  and  the 
blood,  encountering  less  resistance  from  the  walls,  flows  more  rapidly 
through  them.  This  increased  rapidity  of  the  blood  current  does  not, 
however,  last  long,  although  the  vessel  still  remains  dilated.  After  a 
variable  period,  owing,  it  is  believed,  to  changes  in  the  endothelia  of 
the  vessels,  the  blood  meets  with  so  much  resistance  that  it  flows  more 
slowly  than  under  normal  conditions.  Temporary  or  even  permanent 
stasis  may  occur  in  some  of  the  vessels,  but  this  is  not  a  constant  nor  a 
characteristic  occurrence.  White  blood  cells — leucocytes — now  begin 
to  accumulate  along  the  inner  walls  of  the  veins  and  to  become  fixed 

*  See  description  of  Thoma's  frog-plate,  p.  111. 
2  This  distribution  of  the  blood  is  ahnost,  if  not  wholly,  mechanical,  and  may  be  simulated  in  glass 

tubes  with  a  fluid  in  which  lifeless  particles  of  different  specific  gravities  are  suspended.  The  particlee 
of  the  lesser  specific  gravity  assume,  when  the  flow  is  established,  the  peripheral  portion  of  the  stream. 
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there,  so  that  after  a  time  the  whole  inner  aurfaue  of  the  veins  may  be 
more  or  less  thickly  sprinkled,  and  even  closely  crowded,  with  adherent 
leucocytes.  These  may  either  lie  firmly  against  the  endothelium  or  be 
dragged  slowly  along  by  the  current  of  blood  sweeping  past  them. 
Some  are  dragged  by  the  blood  current  into  pyriform  shapes,  showing 
that  they  arc  adherent  at  a  small  point  only,  and  thus  they  may  be 
detached  from  the  wall  and  rejoin  the  circulating  blood.  They  may  by 
amoeboid  movement  crawl  slowly  along  the  interior  of  the  wall,  even 
against  the  current.  In  the  capillaries,  also,  a  similar  comportment 
of  the  leucocytes  may  be  seen. 

After  a  time,  which  varies  considerably — in  the  bladder  sometimes 
within  an  hour  after  its  exposure;  in  the  mesentery  usually  later — some 
of  the  leucocytes  commence  to  make  their  way  slowly  through  the  walls 
of  the  veins  and  capillaries.     At  first  a  little  shining  knob  appears  on 

the  outside  of  the  wall  opposite  to  the  cell  which  is  sticking  within,  and 
this  outer  portion  grows  larger  as  the  part  still  within  grows  smaller, 
until  at  length  the  entire  ceil  is  outside  of  the  vessel.  The  cell  now  may 
immediately  detach  itself  and  wander  olT  in  the  tissue  spaces,  or  it  may 
remain  for  some  time  attached  to  the  outside  of  the  wall  (Fig.  51).  This 

passage  of  the  leucocytes  through  the  walls  of  the  capillaries  and  veins — 
it  does  not  occur  in  the  arteries-— is  called  emigration.  The  emigrating 
cells  are  largely  the  polynuclear  leucocytes,  but  mononuclear  forms — 
lymphocytes — and  eosinophiles  may  also  pass  out  of  the  vessels. 

The  cells  pa-ss  between  the  endothelia  through  the  cement  substance, 
which  apparently  is  in  some  way  changed  in  the  inflammatory  process. 
They  may  pass  through  very  rapidly,  but  usually  their  progress  is  slow 
and  often  interrupted,  so  that  cells  may  be  seen  motionless  for  a  long 
time  in  various  stages  of  progress  through  the  walls.     A  half  minute,  or 
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even  less,  may  suffice  for  their  passage,  or  they  may  be  hours  about  it. 
Thus,  after  a  variable  time,  if  the  eonilitions  have  been  favoral)lp,  the 

tissues  immediately  arounil  the  capillaries  and  v<'ins.  ami  even  those 
somewhat  remote  from  them,  may  Ix*  more  or  less  densely  crowded  with 
leuco<>-tes,  some  motionless  and  in  the  spheroi<lal  form,  others  moving 
about  through  the  tissue  spaces  (Fig.  52).  Leucocytes  may  pass  out  ot 
the  tis.suDs  on  to  free  surfaces  of  the  inflamed  part,  or  they  may  wander 
ioto  the  iymph-vcsseld  and  so  re-enter  the  circulation. 

It  is  probable  that  the  emigration  of  the  leucocytes  is  due  in  part  to 
a  sort  of  filtration  process  with  which  the  pres.sure  of  the  blood  within 
the  vessels  is  concerned,  and  also  to  capillary  attraction  at  the  point  of 
emergence.     But  the  inherent  contractility  of  the  cells  themselves  forms, 

Shoving  exlravBHitni  tnicacftes  ki  the  viciniiy  of  the  hloocl-vpssph,  wiih  h'iIpidb  of  the  HiirroundtiiK 

doubtless,  a  very  important  factor.  That  in  most  cases  rhrnii^lrixix  plays 
a  significant  part  in  directing  the  course  of  the  leucocytes  seems  to  be 
well  established,  and  it  is  largely  to  this  agency  that  the  gathering  of 
leucocytes  is  due  in  the  vicinity  of  the  deleterious  substances  which 
incite  inflammation. 

In  regard  to  chemotaxis  it  should  be  said  in  brief  that  the  ilirection 
of  locomotion  in  protoplasm  may  be  determined  by  chemical  substiinces 
in  the  vicinity.  This  is  the  ca.se  not  only  in  the  lower  forms  of  life,  as  in 
certain  bacteria  and  protozoa,  but  also  in  such  cells  of  higluT  org:tuisnis 
as  have  retained  a  certain  independence  of  locomotion,  for  exiuuplc.  in 
the  leucocytes  and  certain  ceils  of  the  connective  tissue.  To  this  form  of 

response  to  external  agencies  the  name  chcmoliixiii  has  been  ap})lii'd.  In 
some  cases  the  effect  of  chemical  agents  in  the  enviroimu-nt  is  not  to 

attract,  but  to  repel,  protoplasm.  This  has  been  called  iii<i<iti}-r  rlu  i>ui- 
iiiris.     Chemotaxis  and  certain  allie*!   responses   to  ouisitle  influences 
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have  been  found  to  play  an  important  rflle  in  health  as  well  as  in  some 

forms  of  disease,  and  have  been  the  subject  of  much  careful  study.' 
If  we  return  now  to  our  observation  of  the  living  mesentery  it  wilt  be 

found  that  while  emigration  of  leucocytes  is  going  on,  the  red  blood  cells, 
although  for  the  most  part  carried  along  as  usual  in  the  current  of  the 
veins  and  through  the  capillaries,  still  often  find  their  way  in  small,  and 
sometimes  in  very  large,  numbers  into  the  surrounding  tissues.  They 
are,  it  is  believed,  carried  passively  through  the  cement  substance 
between  the  endothelta  by  minute  streams  of  fluid  which  under  these 
conditions  are  flowing  in  abnormal  quantities  through  the  walls.  This 
extravasation  of  the  red  blood  cells  is  called  diapedesis.  It  appears  to 
follow  the  emigration  of  the  leucocytes,  which  seems  in  some  fashion  to 
prepare  the  way  for  the  more  mechanical  exit  of  the  red  cells. 

By  this  time  it  will  usually  be  found  that  the  tissue  around  the  vessels 
is  somewhat  swollen  and  more  succulent  than  normal,  and  fluid  may  be 
poured  out  on  the  free  surface.     The  fluid  which  thus  gathers  is  called 
serum.     It    is   similar   to    the   simple    non-inflammatory   transudates, 
except  that  it  is  richer  in  proteids  and  is  mixed  with  cells.     This  .serum 

has  passed  out  of  the  blood-vesscia  along  with  the  blood  cells,  ami,  as  its 
composition  differs  somewhat  from  that  of  blood  plasma,  it  is  evident 
that  it  has  undergone  a  change  as  it  passed.     The  way  in  which  this 
alteration  in  the  composition  of  the  blood  plasma  occurs  as  it  passes 

through  the  walls  of  the  vessels  and  becomes 

the  serum  of  exudation,  we  do  not  under- 
stand.    But  it  is  probably  due  to  metabolic 

processes  in  the  endothelial  cells  by  which 

what  has  been  called  a  "selective  filtration" 
is  secured. 

The  fluid  exudate  contains  fibrinogenous 

substance,  and  from  this,  when  the  condi- 
tions  arc  favorable,  fibrin  may  be  formed 

FiQ.  83.-FiBHiN^m^i^Kri.AiiiiAToiiT    ̂ pjg^  g^j  ijy  ̂  change  similar  to  that  which 
occurs  in  the  coagulation  of  the  blood.  The 

leucocytes  which  wander  into  the  tissue  spaces  outside  the  vessels  may 

encounter  conditions  inimical  to  life,  from  innutrition  or  from  the  pres- 
ence of  deleterious  substances,  and  thus  these  and  other  cells  furnish, 

as  they  die  and  disintegrate,  the  fibrin  ferment  essential  to  coagulation. 
Clusters  of  fibrin  fibrils  may  thus  often  be  seen  surrounding  dead  and 

disintegrating  cells  (see  Fig.  54).' 
If  at  this  time  the  exposed  bladder  or  mesentery  of  the  frog  be 

restored  to  the  abdominal  cavity  and  the  animal  placed  under  favorable 

conditions,  the  reaction  of  the  vessels  and  cells  to  the  unusual  environ- 
ment may,  if  the  injury  have  not  been  too  severe,  gradually  subside. 

>  For  a  lu[|er  c o(  t ihemotaitiii.  willi 
1  bibliosnkphj, 

)rpbolog>-."  Port I.,  p.  32  H  « 

t)- 

For  th^  far™  ( if  leu cocyies  w 

Jscohi's  Kc: 
hrift,   IIWO.   p. 

;)Ofl, 

inship  of  fibrin form stioa  to  c 

luciDE  COMuUlio D  ■«  HauifT, Tch.  AKh.,  Bd, 
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The  circulation  is  then  re-established,  the  scrum  is  absorbed,  the  leuco- 
cytes which  have  not  come  out  upon  the  surface  or  died  in  the  tissue 

spaces  may  re-enter  the  lymphatics.  Fibrin,  if  this  have  been  formed, 
and  red  blood  cells  which  have  escaped  from  the  circulation  are  dis- 

posed of  under  the  influence  of  ferments  which  leucocytes  furnish  (see 
p.  105),  or  may  be  carried  off  by  the  wandering  leucocytes;  or,  as  is  not 
infrequently  the  case,  blood  pigment  resulting  from  the  reduction  of 
the  haemoglobin  which  leaves  the  red  bloo<l  cells  by  osmosis  may  remain 
for  some  time,  in  sihi,  as  the  only  mark  of  an  earlier  active  inflammatory 

process. 

Fia.  54.— Fibrin  Forhinq  Ahouhd  Dead  Cells  ik  the  Intehstices  or  Tnaci 

Thus  in  the  living  animal'  we  can  learn  by  direct  observation  the 
way  in  which  the  serum,  fibrin,  and  red  and  white  blood  cells  got  into 
tissues  and  upon  free  surfaces  in  certain  forms  of  injury  involving  the 
blood-vessels. 

We  can  see  also  by  this  experimental  observation  just  what  the 

factors  are  which  induce  the  so-called  "cardinal  symptoms"  of  inflam- 
mation—the redness  and  heat  due  to  hyperaemia;  the  swelling  to  accu- 

mulation of  exudate;  the  pain  to  pressure  on  the  nerves;  and  the  impaired 
function  to  the  disturbances  of  nutrition  to  which  all  of  these  factors 

contribute.  The  materials  gathering  in  or  upon  the  tissues  under  these 

conditions  are  called  e^-udates,  and  this  phase  of  inflammation  is  com- 
monly called  exudative  inflammation. 

Hand-in-hand  with  these  changes,  which  are  directly  associated  with 
lesions  of  the  blood-vessels,  there  occur  alterations  of  the  cells  of  the 
affected  part,  which  are  not  readily  observed  in  the  experimental  animal, 

especially  of  the  connective-tissue  cells.  These  may  suffer  regressive 
changes — albuminous  or  fatty  degeneration  or  necrosis;  or,  on  the  other 
hand,  they  may  undergo  progressive  changes.     The  bodies  may  swell; 
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mitosis  occurs;  and  they  may  divide.  This  may  take  place  in  the 
cells  of  the  fibrillar  connective  tissue  and  in  the  endothelium  of  the 

blood-  and  lymph- vessels.  The  new-formed  cells  may  detach  themselves 
from  their  original  site  and  join  the  leucocytes  as  wandering  cells.  If 
there  are  small  islets  of  lymphoid  tissue,  such  as  are  widely  scattered 
through  the  body  (see  p.  4S1),  these  may  show  hyperplasia,  and  appear 
as  clusters  of  small  spheroidal  cells  with  large  deeply  staining  nuclei  and 
a  small  amount  of  cytoplasm.  These  clusters  of  small  cells  resembling 
lymphocytes  are  especially  noticeable  in  the  vicinity  of  the  lymph 
channels  near  small  blood-vessels. 

Let  us  now  look  at  the  efTect  upon  a  living  vascular  tissue  of  injury 
inflicted  in  a  different  way. 

Injury  from  Micro-organisms. — ^Suppose  we  inject  into  the  ear  vein 
of  a  rabbit  a  small  amount  of  a  pure  culture  of  a  well-known  and  verj' 
common  micro-organism.  Streptococcus  pyogenes.     Little  masses  of  the 
living  germ  will  enter  the  heart  and  be  driven  out  again  through  the 
arteries  in  whose  smaller  twiglets  or  in  the  capillaries  some  of  them  will 
lodge  as  emboli.     Here  in  the  living  tissues  the  bacteria  may  find  good 
nutrient  conditions  and  begin  to  proliferate,  increasing  so  rapidly  in 

number  that  they  may  distend 
the  vessels  in  which  they  lie.     If 

after  twenty-four  hours  the  ani- 
mal be  killed,  and  one  examine 

the  organs  in  which  the  bacterial 
emboli  have  caught  and  grown 
—in  the  liver,  for  example — he 
finds    small    blood-vessels    here 
and   there  distended  with  bac- 

teria.    But  the  parenchyma  and 
interstitial    tissue    about    them 

appear   to  be  intact   (Fig.  55). 
If,     however,     the     animal    be 

allowed  to  live  longer — say  two 
or   throe   days — before   the   ex- 

amination, the  condition  of  the 
Flo,  55.— B*(TKBiAL  Kmboiah  in  the  Liver.  tisSUC    about  the  growiug  baCtC- 
The  bnctprin  hnvo  grown  in  a  man"  wilhin  the      .{al   niniis  in  tlin  tvnicnl  cnliiMP  nl 

■mall  blood-veswi.      The    livrr  cells  in  llie  vicinity  HIHps  I'l  Hit  lypitai  COUrse
  Ol 

nppenr  unchanKed.  cvcnts  shows  marked  afld  signi- 
ficant alteration.  Immediately 

teria  the  nuclei  fail  to  take  the  nuclear  stains  (Fig.  56); 
s  unusually  granular  or  fallen  into  fragments.  These  are 
II  death,  and  from  the  situation  of  this  area  of  dead  tissue 

ly  of  growing  bacteria  we  may  infer — and  the  inference 
a  host  of  tests  and  ob.scrvations — that,  in  growing,  the 

■t  free  in  the  tissue  about  them  some  chemical  substance 

is  incompatible  with  the  continuance  of  the  life  proc- 
r  cells,  which,  in  fact,  has  killed  them, 
in  the  tissues  near  by  show  a  different  sort  of  reaction  to 
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this  active  poison  set  free  upon  the  spot.     Leucocytes  gather  on  the 
borders  of  the  necrotic  area  and  may  form  a  dense  ensheathing  mass 
about  it  (Fig.  57).     If  we  look  for  the  origin  of  these,  we  find  that  close 
outside  the  area  of  dead  tissue  and  among  the  gathered  leucocytes  the 
smaller  blood-vessels  are  dilated,  overfilled  with  blood,  and  such  marks 
of  the  emigration  of  leucocytes  as  a  tissue  removed  from  the  animal  and 

prepared   for   examination   may   show   are   unmistakable.     Xot   infre- 
quently extravasated  red  blood 

cells  and  fibrin  and  a  distention 

of  the  tissue  spaces   with   fluid 
still     further     characterize    the 

process  as  exudative  inflamma- 
tion. 

It  was  observed  in  the  ex- 
posed mesentery  or  bladder  of 

the  frog  that  the  leucocytes, 

once  outside  the  vessels,  wan- 
dered off  in  various  directions  in 

the  tissues,  some  to  the  surface, 

some  to  the  lymph-vessels,  and 
some  far  from  the  veins  or 

capillaries  from  which  they 
emerged.  Xot  so  here.  The 

extravascular  leucocytes  gather       '"'     '~  '*^'^"'*  NtcEKm^.* '"  ™^    i^mt,  with 
close    in    the  border   zone  of  the  The  bacteria  an  slill  lontely  confined  to  lie  vessel, 

necrotic  area  or  enter  it.  And  'HvBrcdtoXuTthl''^n>Ki^g*ma?)o(Tr^^ri''^  °''"''''' we  may  usually  see  in  the  outer 
parts  of  such  an  area  of  dead  tissue  scattered  leucocytes  which  are 

themselves  undergoing  changes  indicating  the  death  of  the  cell.  Thej- 
too  have  encountered  the  poison  set  free  by  the  growing  bacteria. 

The  changes  which  have  just  been  described  as  the  result  of  experi- 
ment in  the  animal  are  practically  identical  with  those  occurring  in  man 

as  the  result  of  accidental  inoculation. 

If  the  process  continue,  one  may  find  on  later  examination  that  the 

dead-tissue  mass  has  softened  through  the  action  of  proteolytic  enzymes 
developed  on  the  spot  (see  p.  105),  the  bacteria  are  scattered,  and  the 

whole  central  portion  may  be  occupied  by  a  grayish  or  yellowish  gru- 
mous  or  fluid  mass  of  dead  cells,  cell  detritus,  albuminous  and  fatty 
granules,  bacteria  and  leucocytes  in  various  stages  of  necrosis  and 

.  disintegration. 
Such  a  localized  result  of  exudative  inflammation  with  death  and 

disintegration  of  tissue  is  called  an  abscess;  the  material  which  it  contains 
is  called  pus.  For  a  more  detailed  consideration  of  suppuration  and  the 

characters  of  pus  see  p.  IDS.' 
The  changes  by  which,  if  the  animal  survive  the  formation  of  abscess, 

the  active  processes  arc  brought  to  a  standstill  and  repair  is  effected,  we 

'  For  a  rin'mi  of  (arim  of  exu<<iile  ce]]s.  vith  bibl..  see  Hrlly.  ZEeitlei's  Beitr.  i.  Path.  Anat..  Bd. 
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need  not  now  follow.  But  it  concerns  us  here  to  appreciate  that  this  is 
a  type  of  one  of  the  most  important  phases  of  the  inflammatory  process; 
a  phase  in  which  a  poison  produced  in  the  body  by  the  metabolism  of 
micro-organisms  incites  a  complex  train  of  active  and  passive  tissue 

Instead  of  forming  abscesses  with  softening  of  the  tissue,  the  pus 

cells  and  other  exudates  may  be  distributed  diffusely  through  the  inter- 
stices of  the  tissues,  forming  a  so-called  purulent  infillralion. 

A  narrow  canal  leading  to  a  focus  or  area  of  inflammation  is  called  a 

fisUUa. In  our  study  of  illustrative  phases  of  inflammation  we  now  turn  to 

the  processes  by  which  repair  of  injured  tissues,  after  more  or  less  involve- 
ment in  the  inflammatory  phenomena,  is  brought  about. 

Resolution  la  Inflammation. — In  many  cases  of  exudative  inflamma- 
tion, after  the  subsidence  of  the  active  changes  in  the  blood-vessels, 

the  exudates  are  entirely  though  often  very  slowly  absorbed,  and  the 
tissue  returns  to  its  normal  condition;  this  is  called  resolution. 

If  many  new  connective-tissue  cells  have  been  formed,  these  may 
produce  fibrils  and  thus  a  certain  amount  of  new  tissue  may  develop, 
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compromising  the  blood  and  lymph  circulation,  no  that  for  a  long  time 
the  site  of  the  inflammation  may  be  swollen  anil  hard. 

Under  certain  conditions,  on  the  other  hand— for  example,  in  the  case 
of  a  wound  with  loss  of  substance,  or  in  an  acute  exudative  inflamma- 

tion of  a  serous  membrane  in  which  the  surface  is  deprived  of  its  normal 

mesothelial'  covering,  or  in  the  healing  of  an  abscess— a  considerable 
amount  of  new  tissue  may  be  produced  through  the  agency  of  old  cells 
or  of  new  cells  formed  in  the  inflammatory  process. 

We  will  now  consider  the  way  in  which  repair  of  a  wound  or  injury 
with  loss  of  tissue  is  effected. 

The  Healing  of  Wounds. 

The  way  in  which  new  inflammatory  tissues  arc  formed  may  be  Ix'st 
understood  by  following  the  process  of  healing  in  a  wound  with  loss  of 

substance — for  example,  in  a  wound  through  the  skin  or  a  mucous  mem- 
brane into   the  tissue   beneath.     At   first  there  may  be  hfemorrhage. 

After  this  ha.s  ceased,  the  injury  to  the  tissue,  the  umisual  exposure  of 
deep-seated  parts,  the  presence  of  foreign  substances,  etc.,  may  induce 
the  same  series  of  events  which  we  have  seen  occurring  in  exudative 

inflammation  .with  production  of  serum,  fibrin,  and  pus.  The  lilood- 
vessels  dilate,  the  circulation  becomes  slower,  serum  transudes,  and 

emigration  sets  in.     Certain  of  the  cells  and  fragments  of  inten-ollular 

'  Tfae  marphakisical  raunblance  o(  the  Bat  relln  covering  Ihe  tiurfiiri^  <if  the  jtrral  spmiKiVnvitiii— 
peritoneal,  pleural,  and  perirardiai— to  Ihe  eodolhelium  of  Ihe  bloexl-  nnil  lymi.h-viwipl-  hiw  Iml  In 

thry  still  reUin,  render  more  fittinc  Ihe  name  nrmlMium.  .S-c  rcr.'ii'nre  lo  Minot  in  fuulnule 
w  p.  3;;. 
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substance  near  the  seat  of  injury  may  die,  and  in  time  are  cast  off  or  are 
disintegrated  or  dissolved  and  absorbed  or  otherwise  disposed  of  by 

phagocytes  (see  p.  98).'  The  tissue  may  beeome  soaked  and  swollen 
by  the  transuded  serum,  and  the  connective-tissue  cells  in  the  vicinity 
may  undergo  proliferative  or  degenerative  changes. 

Granulation  Tissue. — After  a  variable  time,  usually  on  the  second  or 
third  day  if  all  goes  well,  the  surfaces  of  the  wound  may  be  more  or  less 
covered  with  tiny  rod  nodules  called  granulations.  These  granulations 

contain  numerous  thin-walled  blood-vessels  which  have  sprouted  out 
from  the  old  vessels  near  the  seat  of  injury,  and  around  these  a  new 

loose,  succulent  tissue  is  formed,  largely,  it  is  believed,  from  proliferation 
of  connective-tissue  cells.  This  is  called  granulation  tissue  (Fig.  58). 
On  the  surface  of  the  granulations  are  usually  pus  cells  in  varying 
quantity,  or  the  granulations  may  be  more  or  less  covered  with  dried 

exudate.  The  way  in  which  the  new  blood-vessels  form  by  proto- 
plasmic sprouts  from  the  old,  and  the  manner  in  which  connective 

tissue  develops  from  older  connective-tissue  cells,  have  been  already 
described  in  the  section  on  Regeneration.  Let  it  suffice  here  to  say  that 
the  cells  of  the  granulation  tissue  are  at  first  mostly  small  and  spheroidal 
or  polyhedral,  and  are  usually  packed  closely  together  with  only  a 
small  amount  of  fluid  intercellular  substance.  Presently  some  of  the 
cells  become  larger  and  polyhedral,  elongated,  fusiform,  or  branched, 
and  after  a  while  a  delicate,  fibrillar  intercellular  substance  makes  its 
appearance  about  them  and  grows  more  and  more  abundant  (Fig.  59). 
These  larger,  variously  shaped  cells,  which  appear  to  be  formed  out  of 
the  small  spheroidal  or  indifferent  cells  of  the  granulation  tissue,  are 
usually  granular,  and  the  nucleus  is  generally  large  and  distinct.     Some 
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of  these  larger  colls  which  seem  to  be  moie  or  less  (iiroctty  concerned  in 
the  formation  of  intercellular  fibers  are  c&Wed  fibroblasts  {Fig.  60). 

As  the  granulation  tissue  grows,  new,  small  spheroidal  cells  are 
gathered  by  proliferation  or  by  continued  emigration.  Some  of  these 
participate  in  the  formation  of  the  granulation  tissue,  while  others,  not 
finding  conditions  suitable  for  their  further  development,  or  even  for 
their  continued  existence,  die  and  pass 
off  on  the  surface,  together  with  some 
transuded  fluid,  as  pus. 

The  polynuelear  leucocytes  do  not 
apparently  share  in  the  formation  of 
new  tissue.  To  what  extent  this  new 

tissue  is  derived  from  old  connective- 
tissue  cells  and  cells  of  the  endothelial 

type — the  macrophages  of  Metchnikoff 

—or  how  largely  it  may  come  from     *■"■■■  ̂ ■^^'^"''t^^Z^o'w^vl!^'"""' emigrated  lymphocytes,  assuming  the      There  aw  numeroug  new-formed  intereenaUr 

characters  of  "plasma  cells"   (see  p.  fibrib. 
74),    is    not    yet    certain;    but   both 
classes  of  cells  appear  to  be  actively  concerned. 

Cicatricial  Tissue. — The  new  tissue  gradually  becomes  more  and  more 
dense,  the  intercellular  substance  more  abundant,  while  the  cells  decrease 
in  number  and  become  flatter  and  less  conspicuous.  The  epithelium  may 

now  grow  over  from  the  sides,  forming  by  mitosis  from  the  old  epithe- 
lium at  the  edges  of  the  wound  (Fig.  Gl),  and  finally  cover  the  new 

is  the  deeper  portion. 

vaacular  tissue.  The  new  tissue,  having  at  last  undergone  more  or  less 
shrinkage,  with  atrophy  of  the  blood-vessels,  consists  of  a  dense,  firm 
mass  composed  largely  of  fibrillar  basement  substance  with  a  few  flat- 

tened cells  (Fig.  02);  and  with  this,  which  is  the  cicatrix,  the  healing  is 
complete.     The  cicatricial  tissue  in  its  shrinkage,  as  it  becomes  more 
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fibrillar  and  denser,  often  brings  about  considerable  distortion  of  adjacent 

parts. Variations  in  the  Healing  Process. — Although  in  the  production  of  new 
tissue,  in  connection  with  or  following  exudative  inflammation,  essen- 

tially the  same  processes  arc  involved  in  all  cases,  there  are  yet  very 
marked  diiTerences  in  the  degree  in 

■ "  '^1  —  -     -    -  .  which  the  different  factors  share. 
-         ,    ̂       "^^"^^  Thus  the  vascular  and  exudative 

"       '^        —         ̂ ^_.^^^^—     phenomena  may  predominate  and 
"     ■          —  very    large    quantities    of    serum, 

— ■"     —  — — ■™" —        fibrin,    or   pus   collect,   while   the 
amount  of  new-formed  tissue  may 

icAimciAL^  iMiE  i-BOK  *    BALED    |^^  insignlficant.     The  production 
.of    a    large    amount   of    exudate, 

particularly  of  pus  cells — 8(/pp«r«h*on^usually  marks  the  presence  of 
micro-organisms  whose  locally  elaborated  poisons  complicate  or  retard 
the  healing  process. 

In  other  cases  the  formation  of  new  tissue  is  the  dominant  feature, 
and  the  production  of  exudates  seems  to  be  almost  entirely  subordinated 
to  this  end. 

The  process  of  repair  which  is  complicated  by  exudative  inflammation 

or  effected  only  by  the  gradual  formation  of  a  considerable  amount  of 

new  tissue,  is  called  by  surgeons  healing  by  "second  intention." 
The  distinction  between  healing  by  first  and  second  intention,  which 

is  of  practical  importance  in  surgery,  is,  from  the  pathological  stand- 
point, only  a  quantitative  one;  for  the  restitution  of  the  parts  to  the 

healthy  condition  is  in  both  cases  brought  about  by  exudation  and  prolif- 
eration of  cells  usually  under  the  influence  of  vascular  changes,  but  in  one 

case  the  latter  changes  are  very  slight,  in  the  other  more  or  less  extensive. 
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There  is  much  variation  in  the  formation  of  granulation  tissui-.  Thus, 
sometimes  the  body  cells  respond  but  feebly  to  the  unusual  conditiotiH, 
and  neither  cell  proliferation  nor  blood-vessel  growth  is  active.  On  the 
other  hand,  the  development  of  blood-vessels  may  bo  excessive,  while 
other  tissue  formation  lags.  Under  these  conditions,  loops  and  tangles 

of  thin-walled,  contortetl  new  vessels  may  project  from  the  granulating 
surface,  whOe  useful  tissue  formation  remains  in  abeyance,  or  the  new 

cells  undergo  fatty  or  other  forms  of  degeneration  (Fig.  G'-i).  The  n'sult 
of  this  disproportionate  growth  of  ill-formed  blood-vessels  is  the  exuber- 

ant granulations  ("proud  flesh")  which  the  surgeon  fn'quently  reniovea 
from  unhealthy  healing  surfaces.' 

Cavities  formed  by  abscesses  or  by  necrosis  in  any  part  of  the  body 
may  be  filled  up  and  their  sides  drawn  together  in  a  cicatrix,  by  the  for- 

mation of  a  provisional  mass  of  granulation  tissue  simitar  in  character  to 
that  which  grows  in  external  wounds.  So,  similarly,  cysts  may  be  obliter- 

ated and  ulcers  partially  filled  and  drawn  into  cicatricial  healing.  Lai^e 
free  surfaces,  like  the  pleura  and  the  peritoneum,  may,  through  the 
intervention  of  granulation  tissue,  pass  from  the  denuded  condition 
of  an  active  exudative  inflammation,  either  with  or  without  adhesions, 
into  a  condition  which,  though  by  no  means  a  return  to  the  normal,  we 
yet  designate  as  repair. 

The  so-called  organization  of  a  thrombus  in  a  blood-vessel  is  brought 
about  by  processes  practically  identical  with  those  which  have  just  been 
described  in  the  formation  of  new  tissue  in  reparative  inflammation  in 
an  external  wound.  The  endothelial  cells  of  the  vessels  and  the  con- 

nective-tissue cells  in  their  walls  proliferate,  new  blood-vessels  develop 
by  sprouts  from  the  already  existing  smaller  vessels  in  their  walls  or 
dose  about  them.     The  new  cells  and  new  bloot I- vessels  thus  derived 
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gradually  penetrate  the  clot,  forming  new  connective  tissue,  which 
replaces  step  by  step  the  fibrin  and  blood  which  are  gradually  softened 
by  autolysis  and  absorbed  or  removed  by  phagocytes. 

The  part  which  the  thrombus  plays  in  its  so-called  organization  is 
thus  a  wholly  passive  one.  It  acts  only  as  a  temporary  supporting 
texture  for  the  development  of  the  new  tissue  derived  from  other  sources 
which  step  by  step  re|)laces  it. 

In  the  processes  of  repair  by  the  formation  of  new  tissues,  the  latter 
are  often  developed  in  excess,  the  overproduction  after  a  time  ceasing, 
when  the  normal  condition  is  restored.  Thus,  if  the  epithelium  be 
scraped  from  a  small  area  on  the  front  of  the  cornea  the  new  epithelium 
which  covers  the  injury  is  often  heaped  up  in  excess  (see  Fig.  64). 

Hyperplasia  and  Interstitial  Inflammation. 

Hyperplasia  of  the  fibrous  interstitial  tissue  of  the  internal  organs 

and  other  parts  of  the  body — as,  for  example,  in  the  liver,  kidney,  heart, 
nervous  system,  etc. — is  of  frequent  occurrence  and  is  usually  associated 
with  changes  in  the  parenchyma.  In  some  cases  the  formation  of  fibrous 
tissue  clearly  follows  evident  and  often  acute  inflammatory  processes 
and  bears  the  same  relation  to  antecedent  reaction  to  injury  that  the 
cicatrix  in  a  healing  wound  does  to  the  granulation  tissue  from  which  it  is 

formed.  In  other  cases  it  is  associated  with  long-continued  hyperaemia — 
chronic  congestion — of  the  organ  involved.  Again,  gradual  hyperplasia 
of  the  interstitial  tissue  takes  place  by  the  slow  increase  of  cells  and 

stroma,  without  evidence  of  an  active  cell  proliferation  or  marked  involve- 
ment of  the  blood-vessels.  Finally,  hyperplasia  of  the  interstitial 

tissue  may  be  and  probably  usually  is  secondary  to  damage  to  or  atrophy 
of  the  parenchyma,  as  in  the  spinal  cord  after  degeneration  in  nerve 
tracts  or  in  the  heart  after  damage  to  the  muscle  fibres;  in  the  liver  and 
kidney  in  connection  with  atrophy  of  the  specific  epithelial  cells.  In 
such  cases  it  is  often  spoken  of  as  replacement  hyperplasia.  These  forms 
of  fibrous-tissue  hyperplasia  will  be  considered  with  more  detail  in  the 
sections  dealing  with  the  special  lesions  of  the  viscera.  They  have  all 

been  usually  regarded  as  marks  of  inflammation.  Some  of  them  unques- 
tionably are  so;  concerning  others,  doubt  will  continue  until  our  knowl- 

edge as  to  their  excitants  considerably  increases.  In  the  mean  time 

the  term  fibrosis  is  sometimes  applied  to  the  results  of  fibrous-tissue 
hyperplasia,  though  this  is  still  most  commonly  included  among  the 

inflammatory  processes.^ 
Those  important  phases  of  inflammation  which  are  due  to  damage 

from  special  forms  of  micro-organisms  will  be  considered  in  detail  in  the 
chapter  of  this  book  devoted  to  the  Infectious  Divscases. 

*  For  a  suggestive  and  interesting  consideration  of  the  relationship  between  inflammation  and 
various  forma  of  "fibrosis"  see  Adami,  Middleton  Goldsmith  Lectures,  Medical  Record,  March  14th  and 
21st  and  April  4th  and  11th,  1896. 
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Special  Phases  of  Inflammation. 

The  several  phases  of  the  inflammatory  process,  which  we  have  now 
considered,  are  fairly  typical  of  the  reaction  of  the  living  body  to  various 
forms  and  degrees  of  injury.  If  we  look  at  them  together  and  seek  to 
gather  their  dominant  features,  we  find  that  the  changes,  varied  as  they 
are  in  character  as  weW  as  in  degree,  are  mostly  of  three  kinds:  first, 
those  involving  a  greater  or  less  amount  of  degeneration  or  necrons;  sec- 

ond, those  involving  local  disturbances  of  the  circulation,  as  well  as 
alterations  in  the  distribution  and  character  of  the  fluid  and  cellular 

elements  of  the  blood — exudative  changes;  and  third,  regenerative ^  produc- 
tive^  or  reparative  changes. 

Of  these  three  groups  of  alterations  in  inflammation  those  involving 

the  blood-vessels  and  their  contents  are,  in  a  clinical  sense,  most  striking 
and  characteristic,  and  to  many  seem  to  dominate  the  inflammatory 
processes.  But  in  fact  all  are  closely  associated.  The  various  phases  of 
inflammation  depend  upon  the  nature  and  extent  of  the  injury,  the 
inherent  reactive  vigor  of  the  cells,  and  the  character  and  position  of 
the  tissue  involved. 

Special  names  have  been  attached  to  various  forms  of  the  inflamma- 
tory process,  descriptive  of  the  feature  which  from  the  particular  stand- 

point of  the  observer  seems  most  striking  or  important.  Some  of  the 
names  are  descriptive  of  clinical  symptoms,  some  express  the  duration 
or  character  or  situation  of  the  lesion,  some  seek  to  imply  more  or  less 

well-founded  views  of  the  nature  of  the  process.  Thus  among  the  forms 
of  exudative  inflammation,  those  in  which  the  extravasated  serous  fluid 
is  the  most  marked  feature  are  often  named  serous  inflammations.  If 
fibrin  predominate,  it  is  called  fibrinous;  if  associated  with  much  blood 
extravasation,  it  is  termed  hamorrhagic.  When  the  agencies  are  present 
which  induce  the  necessary  vascular  changes  and  promote  the  emigration 
and  gathering,  and  often  the  destruction,  of  leucocytes  in  considerable 
or  large  numbers,  we  have  a  suppurative  or  purulent  inflammation.  If 
much  tissue  death  be  associated  with  the  process,  it  is  named  necrotic 
inflammation. 

Again,  if  certain  mucous  membranes  or  mucous  glands  be  subjected 
to  the  inciting  agencies,  they  may  respond  by  an  overproduction  of 
mucus  as  well  as  by  an  increase  of  death  of  cells;  this  is  mucous  or  catar- 

rhal inflammation.  In  inflammation  of  the  mucous  membranes  fibrin 

intermingled  w4th  other  exudate  sometimes  forms  more  or  less  well- 
defined  and  often  tough  pellicles  or  membranes  upon  the  surface.  This 

is  called  pseudo-membranous  inflammation.  Finally,  these  various 
forms  of  exudate  may  be  produced  simultaneously,  whence  arise  such 

compound  designations  as  sero-purulent ^  muco-purulent,  etc.,  inflamma- 
tion. Inflammation  with  the  formation  of  new  tissue  is  called  pro- 
ductive or  reparative. 

Local  inflammation,  especially  when  incited  by  micro-organisms,  is 
often  associated  with  svstemic  infection  due  to  a  distribution  of  the 

7 
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gents  through  the  body,  Thia  condition  will  be  considered  in 
er  dealing  with  the  Infectious  Diseases  (see  page  197). 

imation,  especially  of  infective  origin,  is  so  frequently  asso- 
th  degenerative  changes  in  the  more  highly  organized  cells — 
achyma  cells — of  organs  that  when  these  are  conspicuously 
the  term  parenchymatous  injlammalion  has  been  used.  It  is 
)wcver,  to  hold  the  degenerations  apart  and  consider  them  as 
1  but  not  identical  with  the  inflammatory  processes.  Similarly 
interstitial  inflammation,  though  very  commonly  employed, 
a  comparatively  rare  occurrence.  That  which  is  embraced 
term  is  usually  an  interstitial  hyperplasia  secondary  to  damage 
renchyma  cells  of  organs  (see  p.  98). 
seemed  wise  to  many  to  attempt  to  draw  a  sharp  distinction 

:hose  phases  of  inflammation  which  involve  only  the  degener- 
issues  or  the  redistribution  of  already  formed  tissue  elements — 
brin,  aod  blood — and  those  phases  which  are  productive  or 
e.  But  while  this  attempt  aims  at  the  recognition  of  a  biologi- 
[ition  of  fundamental  importance,  it  encounters  the  great  prac- 
;ulty  that  both  phases  of  the  reaction  of  tissues  to  injury,  the 
i  and  the  productive,  occur  together,  so  that  none  of  the  named 
inflammation  represent  simple  and  unmixed  forms  of  tissue 

The  important  thing  is  to  conceive,  as  clearly  as  our  knowl- 
nits,  the  nature  of  the  processes  which  underlie  these  various 
.tions  of  disturbed  cell  function  and  their  associated  tissue 

,s.  Then  the  names  may  serve  useful  temporary  ends  at  least 
mplying  too  much  or  concealing  too  little  knowledge. 

!  Disposal  of  Foreign  and  Dead  Substances  in  the  Body — 
Phagocytosis — Autolysis. 

I  stated  at  the  beginning  of  this  chapter  that  the  injuries  which 
iflammation  are  extremely  varied.  The  degree  and  character 
lulting  inflammation  are  closely  related  to  the  inciting  agents. 
Edready  taken  as  general  examples  of  the  inflammatory  response 
one  in  which  there  was  a  simple  mechanical  damage,  and  the 

fthich  a  more  extensive  and  prolonged  injury  was  effected  by 
lee  of  living  bacteria. 

it  is  not  practicable  to  classify  the  various  phases  of  inflam- 
;cording  to  the  character  of  their  incitants  it  is  convenient  to 
ay  themselves  the  effects  of  animal  and  of  vegetable  parasites, 
he  latter  especially  the  bacteria.  In  subsequent  chapters, 
J  headings  of  Animal  Parasites  and  of  Infectious  Diseases,  we 
ly  the  special  phases  of  injury  induced  by  these  agents  and 
nse  which  the  living  cells  and  tissues  of  the  body  make  to  their 

lere  are  many  forms  of  injury  to  cells  and  tissues  which,  though 
tensive  and  striking  as  those  which  we  have  thus  far  considered 
eliminary  survey  of  inflammation,  are  yet  of  great  frequency 
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and  importance.  One  of  these  we  must  now  consider,  namely,  the 
presence  in  the  body  of  foreign  substances  and  of  dead  portions  of  the 
body  itself.  Here  again,  as  in  so  many  instances,  we  shall  come  upon 
physiological  processes  spurred  to  unusual  activity  by  emergency 
demands  upon  them. 

The  Fonns  and  Origin  of  Foreign  and  Dead  Substances. — Under  the 
conditions  of  normal  life,  as  the  tissues  grow  and  perform  their  functions, 
worn-out  cells  die;  as  bone  grows  it  is  absorbed  little  by  little  to  make 
room  for  the  remodeling  and  growth  of  the  larger  structure;  more  or 
less  constantly,  floating  matter  in  the  air  we  breathe  gathers  in  the  respi- 

ratory organs.  Under  all  of  these  conditions  the  dead  cells,  the  hard  bone, 
the  foreign  particles,  are  disposed  of  by  certain  lowly  organized  cells, 
leucocytes,  lymphocytes,  connective-tissue  cells,  endothelium  and 
mesothelium,  which  are  called  phagocytes. 

On  the  other  hand,  there  arc  many  conditions  under  which  foreign 
material  abnormal  in  quantity  and  character  is  formed  in  or  enters  the 
body  and  must  be  disposed  of.  Thus  organic  pigments  in  the  form  of 
irregular  particles  or  crystals  are  formed  in  the  body,  such  as  blood  and 
bile  pigment.  Many  foreign  substances  in  finely  divided  form  in  large 
quantities  enter  from  without,  especially  in  the  respired  air,  such  as  coal, 
iron,  stone,  smoke,  and  various  kinds  of  organic  dust.  In  various  ways 
larger  bodies,  slivers  of  wood,  particles  of  metal,  bullets,  and,  in  injuries 
or  during  surgical  operations,  fragments  of  clothing,  ligatures,  sutures, 
fragments  of  sponge,  cotton,  gauze,  jute,  etc.,  may  remain  as  foreign 
substances  doing  more  or  less  harm  and  inciting  in  various  degrees  the 
phenomena  of  inflammation.     These,  too,  the  phagocytes  dispose  of. 

Finally,  as  the  result  of  the  greatest  variety  of  injuries  which  lead  to 
the  necrosis  of  cells  and  tissues,  such  as  mechanical  damage,  the  action 
of  corrosive  poisons,  excessive  heat  or  cold,  disturbances  of  circulation, 
various  toxins,  etc.,  the  dead  structures  themselves  become  harmful  to 
the  living  tissues  about  them,  which  respond  in  various  ways  to  their 
presence,  among  others  by  certain  forms  of  inflammation. 

Let  us  see  how  the  body  cells  and  tissues  comport  themselves  in  the 
presence  of  alien  substances  and  dead  structures. 

Disposal  of  Foreign  Substances. — One  of  the  simplest  and  most  com- 
mon of  the  phenomena  of  this  class  is  seen  in  the  disposal  of  pigment  and 

other  solid  particles,  whether  introduced  from  without  or  formed  within 

the  body  under  various  abnormal  conditions.*  In  breathing  dusty  air, 
whether  of  badly  cleaned  dwellings,  places  of  business  or  assemblage,  or 
by  those  engaged  in  occupations  involving  the  loading  of  the  air  with 
the  dust  of  coal,  smoke,  iron,  stone,  tobacco,  lint,  hair,  etc.,  in  the  aggre- 

gate large  numbers  of  the  dust  particles  enter  the  respiratory  passages. 
Here  sooner  or  later  they  are  taken  up  by  cells — phagocytes — and  if 
the  particles  are  colored  they  may  be  seen  lying  within  the  cytoplasm 
surrounding,  but  not  within,  the  nucleus  (Fig.  65).  These  cells  may 
be  the  epithelium  of  the  respiratory  passages  or  of  the  air  chambers  of 

1  For  a  study  of  the  removal  of  alien  substances  from  the  jjeritoneal  cavity  see  Buxton  and  Torrey 
Jour.  Med.  Res.,  vol.  xv.,  p.  5,  1906. 
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the  lungs,  or  leucocytes  which  have  wandered  out  upon  the  surfaces. 
Then  a  large  part  of  the  foreign  particles,  if  these  be  not  too  numerous, 
are  carried  either  on  the  lymph  currents  or  more  fre(|uently  within  cells 
into  the  lymph  channels,  along  which  they  maku  their  way  to  the  nearest 

system  of  lymph-nodes  or  -nodules  or  to  the  smaller  areas  of  lymphatic 
tissue  which  are  widely  distributed  in  the  lun^s  as  well  as  elsewhere  in 

-  the    body    (see   p.    481).      In   these 
islets   of   lymphatic   tissue  or  in  the 
lymph-nodes  of  the  lung  the  foreign 
particles  both  within  and  without  the 
cells  are  deposited  and  may  remain 
for  an  indefinite  period. 

But  the  tissues  in  which  they  are 
deposited  are  not  imlifferent  to  the 

pi-esence  of  sny  considerable  accumu- 
lation of  these  alien  substances. 

The  connective  tissue  and  endothelial 

cells  swell  and  proliferate  and  new 
fibrils  are  formed  enclosing  the  foreign 
material  which  may  lie  within  the 
cells  which  brought  them  or  be  taken 

'"  up  by  the  new-formed  or  old  connec- 
Je  tive-tissue  cells  or  lie  free  in  the 
"  interstices  of  the  fibrils.  Thus  In  the 

lymph-nodes  and  along  the  lymph 
lus  ti.ssue  may  be  formed,  shutting  in  the 

foreign  material  and  compromising  in  vaiying  degrees,  sometimes  coni- 
pletelydestroying,  the  involved  structures  (see  p.  485). 

Similarly  bacteria,  which  arc  also  foreign  bodies,  may  be  taken  up  by 
phagocytes  (Fig.  05)  and  destroyctt  within  them  by  agencies  presently 
to  be  considered. 

If  a  mass  of  foreign  particles  be  placed  beneath  the  skin,  or  if  at  the 
scat  of  a  hemorrhage  insoluble  blood  pigment  is  formed  in  considerable 
amount,  a  similar  process  may  be  observed.  The  pigment  is  more  or 
less  taken  up  by  leucocytes  or  other  phagocytic  cells  which  have  wan- 

dered in.  A  certain  amount  of  fluid  exudate  may  collect.  New  cells  are 
fomictl  from  the  old  connective-tissue  cells  and  from  endothelium,  and 
new  fibrillar  stroma  is  formed  which  becomes  dense  and  assumes  the 

character  of  cicatricial  tissue.  In  these  changes  the  new-formed  cells, 
as  well  as  the  leucocytes,  are  capable  of  moving  from  plane  to  place, 
that  is,  may  become  wandering  cells.  We  have  then,  in  this  relatively 
simple  response  to  a  small  local  injury,  the  presence  of  fine  foreign 
particles,  a  definite  form  of  inflammation.  This  is  marked,  not  by  the 
phagocytosis,  but  by  the  presence  of  leucocytes  and  a  certain  amount  of 
fluid  exudate,  by  the  formation  of  new  cells,  and  the  pro<luction  of  new 

When  the  alien  material  out  of  place  in  the  living  tissue  is  in  the 

form  of  a  loose-textured  mass,  such  as  sponge,  fabrics,  jute,  catgut,  etc., 

channels  masses  of  dense  filir 
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or  is  a  blood-clot,  its  intersticra  become  filled  with  fliiiil  exuiU-d  from 
adjacent  blood-vessels,  with  leucocytes  which  wander  iii,  and  with  new 
connective- tissue  cells  derived  from  the  surroundinp:  parts  anil  from 
the    endothelium   of  neiEhborinj  lymph-vessels.     Sleiiiicr  blood-vessels 

"^'^  ̂ .^  .^'  »"*  ̂ .\ 

form  from  the  old  ones  near  by  and  penetrate  the  mass,  and  new  t'on- 
nective  tissue  is  developed,  having  the  tjpc  of  granulation  tissue  at 
first,  then  becoming  denser.  If  the  foreign  substances  are  capable  of 
solution,  as  is  the  case  in  the  fibrin  and  cells  of  a  blood-clot  or  of  catgut, 

Fio.  67. — ^Fraomekt  o 

proteolytic  enzymes'  furnished  by  the  leucocytes  or  other  cells 
dissolve  them;  or  they  become  fragmented  ami  the  fragments  arc  t 
up  by  phagocytic  cells.  These  may  be  dis-wlved  within  these  eel 

may  be  transported  to  other  parts  of  the  bodj'.     Thus  in  the  ca 
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soluble  material  this  may  at  length  be  entirely  removed  and  its  place 
taken  by  the  new  tissue  which  gradually  assumes  the  character  of 
cicatricial  tissue. 

If  the  foreign  substance  be  insoluble  or  largely  so,  as  in  the  case  of 
bullets,  needles,  hair,  cotton,  sponge,  etc.,  the  new  ceils  gather  about 
the  objects;  there  are  often  giant  cells  among  them  (Fig.  6(i),  and  new 
blood-vesBcIs  develop  among  these,  leading  to  the  formation  of  new 
connective  tissue  which  may  completely  invest  them  (Fig.  67),  forming 

at  last  a  dense  connective-tissue  capsule.  In  this  condition  such  foreign 
objects  may  remain  for  long  periods  embedded  in  the  body.     If  the 

Di — Cotton  Fibbeb. 

masses  of  foreign  bodies  are  small,  so  that  the  local  reaction  is  limited 
and  circumscribed,  the  new  tissue  often  in  a  general  way  resembles  a 

tubercle  (Fig.  (i8).  Thus  these  new  foreign-body  tissue  masses  are 

sometimes  called  "foreign-body  tubercles," 
Giant  Cells. — When  foreign  objects  of  considerable  size — such  as 

hair,  cotton  fibres,  sponges,  and  various  more  solid  things — get  into  the 
living  body,  particularly  if  these  be  insoluble,  in  addition  to  the  leuco- 

cytes and  the  new  connective-tissue  cells,  there  often  form  close  about 

thorn  large  multinuclear  cells  called  giant  cells  {X*'ig.  G'J),  These  are 
sometimes  of  extraordinary  size  and  may  have  several  score,  even 
hundreds,  of  nuclei.     They  are  apparently  formed  either  by  the  eoales- 
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pence  of  new-formed  eella  derived  from  thr  conneetivc-titiHUe  cells  or 
from  old  endothelium,  or  by  the  continuous  division  of  the  nuclei  of  a 
cell  whose  body  continues  to  enlarge  without  dividing  into  separate 

cells.'  These  giant  cells  seem  to  be  concerned  in  the  attempt  to  dis- 
solve the  foreign  substance  and  appear  to  have  thttir  prototypes  in  the 

multinuelear  cells  called  osteoclasts  (Fig.  70)  whch  are  conc<'rne<l  in  the 
physiological  absorption  of  bone  during  its  development. 

The  Disposal  of  Dead  Tissues. — The  changes  which  we  have  now- 
studied,  through  which  alien  substances  arc  either  removed  from  the 
body  or  are  rendered  relatively  harmless  by  processes  which  we  must 
regard  as  belonging  to  infl animation,  are  similar  to  those  by  which  the 
body  responds  to  the  injury  of  dead  portions  of  its  own  tissue. 

Thus,  infarcts  resulting  from  emboli,  areas  of  tissue  which  have 
become  necrotic  from  poisons  or  toxins,  thrombi  or  masses  of  fibrinous 
exudate  in  the  solid  tissues  or  in  the  great  serous  cavities,  are  all  virtu- 

ally alien  substances,  and  are  harmful  in  various  way.s  as  foreign  bodies 
are,  and  incite  similar  inflammatory  phenomena.  They  may  be  in  part 

removed  by  solution  through  the  proteolytic  enzymes,'  or  by  phago- 
cytosis; they  may  attract  leucocytes  (Fig.  71);  they  may  lead  to  the 

proliferation  of  connective  ti.ssue  and  endothelial  cells  and  of  blood- 
vessels which  penetrate  them  and  form  new  tissue  which  finally  replaces 

or  encapsulates  them.  The  so-called  organization  of  a  thrombus  or  of  a 
pl«'ural  or  pericardial  or  peritoneal  exudate  is  not,  as  we  have  aln'ady  seen, 
directly  brought  about  by  the  aid  of  the  structural  or  other  elements  in 
either  the  thrombus  or  the  exudate.  These  are  passive,  except  as  they 
may  aid  in  their  own  solution  by  autolytic  substances  which  they  furnish, 

while  the  new  tissue  is  formed  from  neighboring  cells  and  v<'ssels, 
Fonns  of  Phagocytes. — There  appear  to  be  two  most  ciiniiiujn  forms 

of  phagocytes   in  foci  of  acute  exudative  inflanmiations.     Fiist,   and 
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usually  the  most  abundant ,  arc  the  polymorphonuclear  leucocytes — 
the  cells  containing  ncutrophile  granules  which  so  readily  escape  from 
injured  vessels.  The  other  type  of  the  two  more  common  phagocytic 

cells  is  usually  larger  than  the  polymorph  onucleai-s  and  has  a  single, 

relatively  large,  rounded  or  irregular  shaped  nucleus.  These  mono- 
nuclear phagocytes  of  the  second  type  are  piohably  derived  from  con- 
nective tLssue  or  endothelial  and  mesothelial  cells  or  from  lymphocytes, 

and  have  been  called  by  MetchnikofT  macrophages,  while  the  smaller 
polymorphonuclear  phagocytes  are  called  microphmjes. 

While  the  performances  of  these  two  types  of  cells  are  not  fully  under- 
stood, it  appears  that  the  macrophages  are  especially  concerned  in  the 

disposal  of  various  proteid  and  other  formed  elements  which  they  ingest, 
sueh  as  fragments  of  fibrin  and  tissue  detritus,  dead  parenchyma  cells 
of  organs,  red  and  white  blood  cells,  etc. 
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On  the  other  hand,  the  polymorphonuclear  leucocytes — microphages 
— are  drawn  to  and  ingest  and  destroy  various  kinds  of  micro-organisms, 
especially  the  bacteria.^ 

While  we  have  thus  far  considered  certain  special  cells,  leucocytes, 
lymphocytes,  and  derivations  of  connective-tissue  and  endothelial  cells, 
as  the  most  common  phagocytic  cells  in  inflammation  and  repair  of 
tissues,  we  should  not  lose  sight  of  the  fact  that  other  types  of  cells  are 
also  capable  of  assuming  this  r6le.  Thus  the  epithelium  of  the  mucous 
membranes  of  the  air  vesicles  of  the  lungs,  of  the  liver,  kidney,  and  other 
organs,  frequently  and  under  the  most  varied  conditions  ingest  particles 
of  foreign  material. 

The  Mode  of  Action  of  Phagocytes. — As  to  the  processes  by  which  the 
phagocytic  cells  convert  into  soluble  and  other  forms  the  substances 
which  they  ingest  there  is  still  some  difference  of  opinion,  though  the 
so-called  intracellular  digestion  and  the  autodigestion  of  tissues  have 
been  the  subject  of  much  painstaking  research. 

Recent  studies  by  Opie'  indicate  that  each  of  the  two  types  of 
phagocytes  above  designated  is  characterized  by  a  distinct  proteolytic 
enzyme  through  which  its  destruction  of  organic  substances  is  effected. 

The  enzyme  of  the  polymorphonuclear  leucocytes  is  capable  of  proteo- 
lytic digestion  in  the  presence  of  a  neutral  or  alkaline  reaction,  but  not 

in  an  acid  medium.  This  enzyme  Opie  calls  leuco-protease.  The  larger 

mononuclear  cells,  on  the  other  hand,  the  "macrophages'*  or  "macro- 
cytes,''  which  appear  to  be  especially  concerned  with  the  ingestion  and 
destruction  of  cellular  and  other  formed  elements,  contain  an  enzyme 
active  in  the  presence  of  a  weak  acid,  but  inactive  in  an  alkaline,  medium. 

This  enzyme  is  called  lympho-protease  by  Opie. 
Blood  serum,  according  to  Opie,  inhibits  the  action  of  leuco-protease, 

and  lympho-protease  is  not  active  in  an  alkaline  medium.  Hence,  the 
living  tissues  of  the  body  are  not  digested  by  the  leuco-protease,  which  is 
active  only  within  the  bodies  of  the  microcytes,  where  it  is  free  from  the 
inhibiting  action  of  the  serum,  while  the  alkalinity  of  the  blood  plasma 
protects  the  tissues  from  the  action  of  the  lympho-protease.  It  is 
apparently  the  action  of  these  proteolytic  ferments,  present  in  consider- 

able quantities  either  within  or  without  the  cells  or  both,  in  foci  of  exu- 
dative inflammation,  which  leads  to  the  softening  of  tissue  which  char- 

acterizes abscesses  and  which,  in  part  at  least,  brings  about  the  more 

gradual  solution  of  necrotic  tissues,  fibrin,  etc.  * 
The  action  of  micro-organisms,  especially  the  bacteria,  as  incitants 

of  inflammation  through  the  injury  which  they  cause,  and  the  ways  in 
which  the  body  reacts  to  and  disposes  of  them,  through  the  action  of 
phagocytes  or  otherwise,  will  be  considered  later  under  the  heading  of 

Infectious  Diseases.* 

*  For  a  consideration  of  the  ways  in  which  bacteria  are  do^t^oyed  by  leucocytes,  see  pp.  161  and 
178.     See  also  ref.  to  Buxton  and  Torrey,  foot-note,  p.  99. 

2  Opie,  Jour.  Exper.  Medicine,  vol.  viii.,  1906,  pp.  410  and  536. 
'See  ref.  Wells,  p.  103;  aUo  ref.  to  Levene,  ''Autolysis,"  p.  107. 
*  For  a  consideration  of  Ehrlich's  hypothesis  as  to  the  way  in  which  bacteria  are  destroyed  in  the 

body  see  p.  176. 
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It  should  he  borne  in  mind,  in  considering  the  varied  and  complex 
performances  of  phagocytic  cells  under  abnormal  conditions,  that  these 

are  only  the  manifestation  in  exaggerated  form  in  the  presence  of  emer- 
gencies of  physiological  capacities  of  many  kinds  of  cells.  To  Metehnikoff 

especially  we  owe  our  knowledge  of  the  phagocytic  powers  of  cells  in 
general.  In  such  lowly  organisms  as  amoeba  and  in  many  other  cells 
throughout  the  animal  kingdom  he  has  shown  that  through  ingestion  and 

intracellular  digestion  cells  not  only  are  nourished  but  protect  them- 
selves against  harmful  agents  and  influences.' 

Autolysis. — All  the  manifestations  of  cell  life  are  brought  about  by 
the  breaking  down  or  disintegration  of  chemical  substances  in  the  cyto- 

plasm by  processes  akin  to  those  of  combustion.  It  has  long  been 
believed  that  this  was  exclusively  a  property  of  living  matter.  But  it 
has  recently  become  known  that  dead  cells  also  under  certain  conditions 
have  the  power  of  self-disintegration.  This  is  called  autolysis.  It 
takes  place  iu  the  absence  of  micro-organisms  through  the  action  of 
which  organic  material  is  decomposed  in  the  commoner  processes  of 
putrefaction.  Thus  portions  of  fresh  organs  removed  from  the  body 

with  the  avoidance  of  bacterial  contamination,  that  is,  in  a  sterile  con- 
dition, if  immersed  in  chloroform  water,  or  toluol,  or  other  substances 

which  do  not  cause  alterations  of  the  tissue  but  do  prevent  the  growth 

of  micro-organisms,  and  kept  at  about  body  temperature,  undergo 
gradual  softening.  This  softening  is  accompanied  by  definite  struc- 

tural changes  in  the  cells.  The  nuclear  chromatin  disintegrates  or  goes 
into  solution;  the  cytoplasm  degenerates,  chemical  analysis  showing 
products  of  the  disintegration  of  proteid  substances.  The  changes  are 
analogous  with  those  taking  place  in  organic  material,  cells,  etc.,  under 
the  influence  of  the  digestive  enzymes,  pepsin  and  trypsin,  but  arc  due 
not  to  these  but  to  other  enzymes  l>eIonging  to  the  cells  themselves  (see 
p.  105.) 

It  appears,  for  reasons  into  which  we  cannot  enter  here,  that  the 
proteolytic  enzymes  active  in  the  autolysis  of  dead  tissues  arc  present  in 
the  living  body  and  are  probably  concerned  among  other  things  in  the 
gradual  removal  of  dead  and  enfeeble<l  structures  as  these  become 
defective,  useless,  or  harmful.  It  has  been  shown  that  the  vigorous, 
living  cells,  in  spite  of  their  autolytic  powers,  probably  maintain  their 

integrity  through  the  presence  in  the  body-fluids  of  sulstances  antago- 
nistic to  the  autolytic  enzymes.     Thus  it  appears  that  under  normal 

  '■■'■ —   1  very  nice  balance  exists  between  the  autolytic  enzymes 
nistic  suitstances  within  the  body.  Under  a  variety  of 
mditions,  such  as  di8ea.sc8  of  tl^e  respiratory  and  circulatory 

osphorus  poisoning,  and,  as  has  been  shown  by  Flexner,'  in 
senses,  autolysis  may  be  in  a  marked  degree  exalted. 
bable  that  the  autolytic  substances  in  the  living  body  arc 
ot  only  in  disposing  of  damaged  or  dead  or  harmful  tissues, 
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but  also  in  the  protection  of  the  body  against  invading  micro-organisms 
through  their  destruction — see  immunity  and  bacteriolysis,  pages  160 
and  173  or  by  their  share  in  the  elaboration  of  substances  which  an- 

tagonize the  action  of  their  toxins — see  antitoxins,  page  103.* 

Survey  of  the  Inflammatory  Process  and  its  Significance. 

Inflammation  a  Modification  of  Physiological  Processes.  —  If  now, 
from  the  vantage-ground  which  we  have  won  by  our  study  of  various 
typical  phases  of  inflammation,  we  seek  to  gain  an  insight  into  the 

forces  w^hich  dominate  the  varied  processes,  we  note  at  once  that  from 
first  to  last  the  cell  and  tissue  performances  in  inflammation,  however 
exaggerated  or  perverted,  are  only  the  expression  of  physiological 
capacities  which  belong  to  the  structures  involved.  Thus  the  contrac- 

tions and  dilatations  of  the  vessels  are  paralleled  in  health.  The  exuding 
of  fluids  through  their  walls  occurs  by  processes  akin  to  those  by  which 

blood  pressure,  osmosis,  and  selective  filtration  in  endothelial  cells  main- 
tain the  initial  circulation  into  and  through  the  tissue  spaces.  Emigra- 
tion is  a  physiological  process  which  we  find  excessive  here,  because  there 

are  structural  alterations  in  the  walls  of  the  vessels  which  permit  a  freer 
exit  of  the  cells,  and  because  there  are  also  present  new  and  active 

chemical  agents  w^hich,  just  as  in  normal  conditions  though  in  exagger- 
ated fashion,  excite  and  control  the  movement  and  direction  of  the  leuco- 

cytes. The  healing  processes,  complex  as  they  seem  to  be,  are  actually 
but  a  rehearsal  under  the  unusual  and  often  difficult  conditions  of  cell  and 

tissue  formation,  which  is  characteristic  of  the  normal  period  of  develop- 
ment. Phagocytosis  is  a  factor  of  the  greatest  importance  in  the  normal 

as  well  as  in  these  abnormal  performances  of  the  body  cells. 
The  degenerative  phenomena,  among  which  must  be  reckoned  the 

formation  of  fibrin,  are,  as  we  have  seen,  incidental  rather  than  primary 
factors  in  inflammation. 

Thus  in  all  the  manifold  manifestations  of  abnormal  cell  performance 
in  inflammation  we  find  no  new  functions,  no  new  cell  capacities. 

The  Significance  of  Inflammation. — We  are  now  brought  face  to  face 
with  the  final  question:  What  does  inflammation  mean? 

In  those  phases  which  involve  the  repair  of  wounds  and  the  regener- 
ation of  lost  tissues  it  is  not  difficult  to  recognize  conservative  and  bene- 
ficial processes.  But  how  is  it  with  those  phases  of  inflammation  in 

which  the  blood-vessels  are  largely  involved  and  exudates  formed — 
serum,  fibrin,  and  pus?  Are  we  to  be  contented  here  with  a  simple 
summary  of  the  phenomena  and  w4th  the  recognition  that  these  are  the 
results  of  exaggerated  or  physiological  cell  and  tissue  performances  in 
the  face  of  injury?  Or,  on  the  other  hand,  is  there  reason  for  the  belief 
that  these  abnormal  manifestations  of  cell  life  in  the  presence  of  an 

unusual  and  deleterious  environment  may,  after  all,  be  in  the  main  con- 
*  For  an  interesting  risum^  of  autolysis  with  bibl.  see  Levene,  Jour.  Amer.  Med.  Assn.,  vol.  xlvi, 

pp.  774  and  866, 1906.  For  a  fuller  consideration  of  the  subjects  dealt  with  in  this  chapter  consult  the 

general  pathology,  '*Les  Processus  G6n6raux"  of  Chantemegse  and  Podwyssotaky,  1901,  or  Wells, 
••  Chemical  Pathology,"  1907. 
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servative  in  their  nature,  and,  even  as  normal  cell  functions  do,  tend — 
within  the  limitations  of  an  emergency — to  the  welfare  of  the  individual? 

The  R6le  of  the  Exudates. — In  the  hope  of  gaining  some  light  upon  this 
question  let  us  look  a  little  more  closely  at  the  part  which  the  exudates 
play  in  exudative  inflammation;  and  first  at  the  leucocytes. 

The  Leucocytes. — It  was  through  the  painstaking  and  brilliant  studies 
of  Metchnikoff  *  that  attention  was  directed  to  the  importance  in  this 
connection  of  comparative  studies  upon  the  comportment  of  lower  forms 
of  life  in  response  to  injury. 

It  was  found  that  amoeba,  one  of  the  simplest  of  organisms,  when  cut 
in  two  may  undergo  complete  restitution  of  the  part  containing  the 
nucleus,  provided  the  latter  be  uninjured.  The  remaining  portion  may 
live  for  a  time,  but  ultimately  dies.  Furthermore,  it  was  found  that 
amoeba  and  other  lowly  forms  of  living  beings  are  capable,  by  the  use  of 
their  simple  digestive  processes,  of  destroying  micro-organisms  which  are 
taken  into  their  interior  and  which  might  otherwise  damage  or  kill  them. 

Thus  it  was  established  that  the  digestive  mechanism  may  become  pro- 
tective in  lowly  organized  cells. 

Rising  in  the  scale  of  living  beings,  it  is  found  that  in  forms  in  which 
considerable  differentiation  of  some  of  the  cells  has  taken  place,  whether 
there  be  a  distinct  circulatory  apparatus  or  not,  certain  other  cells  are 
left  in  a  more  primitive  state:  these  are  phagocytic  and  can  ingest  or 
otherwise  destroy  deleterious  material. 

When  we  come  to  man  and  other  warm-blooded  animals,  it  is  upon 
the  leucocytes  which  have  retained  so  many  of  the  capacities  of  undiffer- 

entiated protoplasm  that  attention  is  especially  concentrated.  It  has 
been  found,  as  we  have  already  seen,  that  the  movement  of  leucocytes 
may  be  directed  toward  (sometimes  from)  chemical  substances  set  free 
in  their  vicinity.  This  chemotaxis  is  frequently  manifested  in  the 
vicinity  of  dead  cells  or  tissues  which  are  the  seat  of  destructive  metab- 

olism. But  it  is  especially  in  relation  to  micro-organisms  of  various 
forms  that  chemotaxis  in  the  leucocytes  is  of  the  highest  significance  to 
us  here. 

Highly  virulent  micro-organisms  may  for  a  time  repel  the  leucocytes, 
probably  through  negative  chemotaxis,  but  these  may  later  approach. 
On  the  other  hand,  leucocytes  most  often  migrate  toward  bacteria 
which  have  gained  entrance  to  the  body.  It  has  been  proven  that 
leucocytes,  especially  the  polynuclear  neutrophiles,  and  frequently  large 
mononuclear  forms,  may  take  into  their  interior  and  destroy  living 
bacteria.  Dead  bacteria  also,  as  well  as  other  inert  material,  they  can 
engulf  and  destroy. 

The  Body  Fluids. — This  capacity  of  leucocytes  and  other  mesodermal 
cells — endothelia,  etc. — to  take  up  living  bacteria  and  kill  and  digest 
them  was  persistently  and  ably  urged  by  Metchnikoff  and  his  pupils  as 
the  chief  protective  agency  in  the  body  against  bacterial  incursions,  and 
to  these  observers  all  the  other  phenomena  of  inflammation  formerly 
seemed  of  secondary  importance.     But  it  was  soon  shown  that  this  ex- 

1  Metchnikoff,  "Comparative  Pathology  of  Inflammation,"  Eng.  trans.,  1893. 
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treme  view  is  not  correct.  For  it  was  demonstrated  by  many  observers 
that  the  body  fluids,  especially  blood  serum,  are  capable  of  killing 

bacteria  w^ith  which  they  come  in  contact.  When,  however,  this  remark- 
able quality  of  the  body  fluids  was  investigated,  it  w^as  found  that  it  is 

most  pronounced  under  conditions  which  involve  the  breaking-down  of 
leucocytes  or  the  liberation  of  the  destructive  substances  into  the  fluids. 
It  w  as  possible  now  to  demonstrate  that  the  leucocytes  do,  in  fact,  contain 
a  germicidal  proteid  substance  or  substances.  These  substances,  which 
appear  to  be  closely  associated  wdth  or  related  to  nucleinic  acid,  have 

been  called  "alexines"  or  *^  protective  proteids."^  It  has  been  further 
demonstrated  that  while  the  eosinophile  cells  may  move  toward  bacteria, 
they  arc  not  phagocytic,  but  may  set  free  granules  which  appear  to  favor 
the  destruction  of  the  germs. 

It  thus  appears  that  the  earlier  view  of  the  almost  exclusive  impor- 
tance of  phagocytosis  is  not  sustained,  but  that  even  more  than  in  the 

action  of  living  phagocytes  the  protective  agencies  are  to  be  sought  in 
the  body  fluids.  But  it  is  also  clear  that  the  protective  capacities  of  the 
body  fluids  are  the  result  of  cell  activities,  as  indeed  might  have  been 
inferred  in  advance  of  the  long  line  of  careful  experiments  which  finally 
led  to  the  demonstration. 

The  importance  of  this  protective  power  of  the  body  cells  and  body 
fluids  is  not  exhausted  wath  their  germicidal  action.  For  not  less  sig- 

nificant is  the  r61e  which  these  may  assume  in  the  establishment  of  other 

phases  of  immunity  to  the  incursion  of  micro-organisms.  This  will  be  con- 
sidered later  in  the  general  survey  of  the  infectious  maladies  (page  160). 

If  now  one  seek  for  wavs  in  which  the  other  exudates,  scrum,  and 
fibrin  may  be  useful  to  the  individual,  it  is  obvious  that  in  the  dilution 
of  locally  engendered  poisons  and  in  their  removal  from  a  vulnerable 
region  the  fluid  may  at  times  be  beneficial.  Fibrin,  too,  by  closing 
inflammatory  foci,  through  temporary  adhesions,  or  by  the  sealing  of 
absorbent  surfaces,  may  limit  the  extension  of  injurious  agents,  as  is  so 
frequently  the  case  in  local  infectious  injuries  in  the  peritoneal  and 
pleural  cavities.  That  the  regeneration  and  repair  of  tissue  which  may 
be  associated  with  or  follow  the  more  active  phases  of  inflammation  are, 
as  a  rule,  beneficent,  is  not  doubtful. 

There  is,  of  course,  another  side  to  the  matter.  For  new  cicatricial 
tissues  which  have  formed  in  the  process  of  repair  may  be  so  situated  as 
to  cause  serious  impairment  of  functional  performance  or  even  fatal 
strictures.  The  gathering  of  leucocytes,  too,  may  be  so  excessive  and 
their  proliferation  so  extreme  as  to  lead  to  delayed  healing  or  to  serious 
exhaustion  from  suppuration.  But  notwithstanding  these  irregularities 
and  failures  there  seems  to  be  good  reason  for  the  belief  that,  on  the  whole, 
the  processes  involved  in  inflammation  are  conservative,  and,  within  the 
limitations  which  may  be  set  by  the  varied  and  changing  conditions  of 
injury,  tend  to  maintain  the  welfare  and  sustain  the  life  of  the  individual. 

*  For  further  consideration  of  this  subject  see  p.  160. 
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CHARACTERIZATION  OF  THE  INFLAMlfATORY  PROCESS. 

The  general  conception  of  inflammation  which  we  have  just  set  forth 
looks  beyond  the  gross  manifestations  of  disordered  function  and  altered 
structure,  by  which  it  was  originally  marked,  and  beyond  the  complex 
and  varied  expressions  of  aberrant  cell  activities,  with  which  our  later 
science  has  mostly  dealt,  to  the  fundamental  qualities  of  living  substance. 
And  thus  at  last,  with  the  heart  of  the  subject  in  view,  a  characterization 
of  inflammation  becomes  possible  which  is  suggestive  and  useful,  though 
it  may  not  indeed  be  final.  Perhaps  among  many  such  characterizations, 

that  of  Adami  ̂   is  on  the  whole  the  most  clear  and  precise,  and  with  him 
we  may  at  present  wisely  consider  inflammation  as  "the  local  attempt  at 
the  repair  of  injury.''  The  fundamental  conception  upon  which  this 
characterization  is  based  is  that  inflammation  is  an  emergency  measure 
incited  by  injury,  in  which  the  body  adapts  to  unusual  ends  as  best  it  can 
mechanisms  and  powers  normally  maintained  for  other  purposes. 

This  view  of  inflammation,  however  much  it  may  be  modified  as  our 
knowledge  grows,  recognizes  a  far-reaching  significance  in  the  complex 
processes  involved.  And  while  throwing  light  upon  the  practical  prob- 

lems of  the  physician,  it  points  the  way  to  a  broader  conception  of  other 
abnormal  conditions  in  which  also  the  adaptation  of  physiological  cell 
capacities  to  new  conditions  seems  to  furnish  a  clew  to  many  manifesta- 

tions of  disease  as  yet  but  little  understood.' 
Now  that  we  have  gained  a  conception  of  the  inflammatory  processes 

in  general  and  some  suggestions  as  to  their  significance,  it  does  not  seem 
necessary  to  enter  here  upon  a  detailed  description  of  the  variations 
which  they  present,  since  these  are  largely  influenced  by  the  character 
of  the  inciting  agents  and  by  the  situation  in  which  they  act.  Such 
details  as  may  fall  within  the  scope  of  this  work  are  given  in  the  section 
dealing  with  micro-organisms  as  inciting  factors  in  disease,  and  in  the 
part  dealing  with  the  lesions  of  special  organs.* 

The  Experimental  Study  of  Resorption  of  Foreign  Material,  Phagocytes,  etc.,  in 
Inflammation. 

Aside  from  clinical  material  illustrating  the  healing  of  wounds  and  various  phases 
of  repair  from  the  lower  animals,  by  very  simple  operations,  to  be  done  with  local  or 
general  anaesthesia,  one  may  obtain  many  valuable  series  of  demonstrative  lesions. 

'  For  a  fuller  consideration  of  inflammation  from  the  point  of  view  which  in  general  is  here  adopted . 
one  may  consult  the  excellent  article  on  "  Inflammation"  by  Adami  in  AUbutt's  "  System  of  Medicine," 
vol.  i.,  p.  54. 

In  Thoma's  work  on  "General  Pathology,"  vol.  i,,  u  a  clear  exposition  of  the  various  processes 
concerned  in  inflammation,  with  a  fuller  recognition  than  is  commonly  accorded  to  them  of  the  mechani- 

cal factors  involved.     In  both  of  these  works  the  more  important  bibliography  may  be  found. 
For  bibliography  and  critical  riaumi  of  studies  on  pathological  organization,  inflammation,  etc., 

see  Borst,  Lubarsch  and  Ostertag's  Ergebnisse,  Jahrg.  iv.,  for  1897,  p.  461.  See  also  references  under 
R^eneration,  page  79,  and  under  Tumors,  page  351. 

2  Consult,  for  a  clear  and  comprehensive  view  of  adaptation  in  pathological  processes,  WHch^ 
Transactions  of  the  Ck)ngre8s  of  American  Physicians,  vol.  iv.,  p.  284,  1897. 

'  For  a  systematic  and  extensive  riaumi  of  inflammatory  phenomena,  phagocytosis,  chemotaxis, 
emigration,  diapedesis,  protoplasmic  poisons  and  irritants,  the  nature  of  exudates,  and  the  general 

physical  chemistry  of  the  cell,  with  extensive  bibl.,  see  Hcim,  "  Handbuch  d.  exp.  Path.  u.  Pharmakol.," 1904,  Bd.  i. 
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Phagocytes. — The  injection  of  1  per  cent,  agar — such  as  is  used  for  bacterial 
cultures,  which  fluidifies  at  about  40°  C.  and  becomes  semisolid  on  cooling — into  the 
anterior  chamber  of  the  eye  or  into  the  subcutaneous  tissue  of  the  rabbit  gives  most 
instructive  pictures  of  absorption  and  phagocytosis.  Phagocytes  of  connective- tissue 
origin  bring  about  the  solution  of  the  mass  and  permeate  it.  If  the  agar  be  colored  with 
Berlin  blue  in  the  form  used  for  blood-vessel-injection  masses,  the  phagocytes  may 
become  more  or  less  filled  with  the  blue  granules  as  absorption  proceeds.  In  the 
absorption  from  the  anterior  chamber  in  dark-colored  rabbits  the  origin  of  the 
phagocytes  in  the  iris  is  revealed  by  their  pigmented  character.  Giant  cells  are  often 
formed  in  this  process,  aiding  in  the  resorption. 

The  action  of  phagocytes  in  disposing  of  foreign  material  in  the  lungs  may  be 
seen  by  making  intratracheal  injections  of  a  watery  emulsion  of  lampblack  or  finely 
powdered  charcoal  in  rabbits.  The  pigment  particles  will  be  found  both  free  and 
within  epithelial  phagocytes  in  the  air  vesicles  within  a  few  days.  The  animal  should 
be  sacrificed  and  the  lungs  filled  with  formalin  solution  or  alcohol  through  the 
trachea  (see  p.  1010),  after  which  the  tissue  is  embedded  and  sectioned. 

Very  instructive  studies  may  be  made  of  the  disposal  of  insoluble  foreign  bodies 
by  the  implanting  of  small  fragments  of  cotton,  jute,  elder  pith,  etc.,  beneath  the  skin, 

and  their  removal  after  varying  intervals.* 

Practical  Study  of  Exudative  Inflammation  on  the  Living  Frog. 

In  the  study  of  exudative  inflammation  it  is  of  the  highest  value  to  see  the  phe- 
nomena of  emigration,  diapedesis,  etc.,  on  the  living  animal.  The  curarized  frog  is 

best  adapted  for  this  purpose,'  and  either  the  mesentery  or  the  bladder  affords  much 
clearer  pictures  than  the  tongue  or  the  web,  which  are  sometimes  recommended. 

The  Mesentery. — In  a  fully  curarized  frog  an  incision  is  made  through  the  skin 
along  the  abdomen  in  the  axillary  line,  care  being  taken  to  avoid  or  hgate  a  large  vein 
which  usually  crosses  the  line  of  incision.  The  abdominal  wall  is  then  cut  through  in 
the  same  line,  and  a  loop  of  small  intestine  drawn  out,  care  being  taken  to  bring  out 

only  as  much  as  may  be  necessary  to  expose  over  the  glass  window  of  Thoma's  frog 
plate*  (see  Fig.  72)  a  small  area  of  mesentery.  The  loop  may  be  fixed  by  short  pins 
passed  through  the  superficial  layers  of  the  intestine  into  strips  of  cork  which  are 
crowded  in  beside  the  raised  glass  window.  The  exposed  loop  should  be  irrigated  with 
three-fourths-per-cent  salt  solution  which  may  be  made  to  trickle  over  the  part  from  a 
reservoir  through  a  glass  cannula  held  by  the  cannula-holder  (see  Fig.  72).  Peristal- 

tic movements  of  the  intestine  sometimes  cause  the  field  of  observation  to  shift  and 

stasis  may  occur  if  the  loop  be  drawn  too  tightly.  But  through  a  little  attention  to 
adjustment  from  time  to  time  difficulties  may  be  reduced  to  a  minimum.  For  long 
observations  a  cover-glass  may  be  laid  upon  the  loop  under  which  the  irrigation 
proceeds. 

In  this  way  observations  may  be  made  on  arteries,  capillaries,  and  veins,  extending 
over  several  hours.     Long  focal  distance,  high-power  lenses  may  be  used. 

The  Bladder. — The  bladder  of  the  frog  is  a  bilobed  organ  opening  into  a  cloaca 
just  within  the  anus  and  common  to  it  and  the  intestine.  To  expose  the  bladder  an 
incision  is  made  in  the  axillary  line  along  the  lower  half  of  the  abdomen,  including  the 
skin  and  the  abdominal  wall.  The  bladder  frequently  prolapses  at  once  to  a  moderate 
extent  through  this  opening.     Now  a  glass  cannula  is  made  with  a  tapering  tip  with  the 

*  For  a  full  exposition  of  methods  of  experimental  pathology  relating  to  inflammation  see  Heinz, 
"Handbuch  d.  exp.  Path.  u.  Pharmak.,"  Bd.  i..  Th.  i.,  p.  255,  1904. 

For  many  suggestive  studies  in  phagocytosis  see  Mdchnikoff's  '*  Immunity  in  Infectious  Diseases." 
Consult,  for  the  technique  of  studies  on  absorption  from  the  peritoneum,  Buxton  and  Torrey,  Jour. 
Med.  Res.,  vol.  xv.,  p.  5,  1906. 

'  For  the  use  of  curare  see  p.  34. 

*  Thoma's  frog  plates  are  of  three  forms,  adapted  for  the  study  of  the  tongue,  the  mesentery,  and 
the  bladder  or  lung.  They  are  plates  of  brass  covered  with  hard  rubber  in  which  glass  windows  are 
set  so  that  when  put  on  the  stage  of  the  microscope  the  light  passes  up  through  the  exposed  organ  to 
the  eye.  They  are  provided  with  oannula-holders  for  irrigation  with  physiological  salt  solution  and 
with  pipes  for  carrying  away  the  waste  irrigation  fluid.     The  three  forms  of  plate  are  shown  in  Fig.  72 



The  middle  plats  ■!<» 
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tip  for  about  half  an  inch  bent  to  an  angle  of  about  45®  to  the  axis  of  the  tube.  The 
tube  should  be  large  enough  to  pass  the  anal  orifice  with  difficulty  except  at  the  tip 
and  along  the  bent  portion. 

A  thread  is  now  passed  through  the  skin  just  behind  the  anus,  the  ends  being 
left  free.  The  cannula  and  a  short  length  of  flexible  rubber  tubing  slipped  over  the 
larger  end  are  filled  with  three-quarter-per-cent.  salt  solution,  this  being  retained  by 
a  clip  on  the  tube.  The  bent  point  of  the  cannula  is  now  inserted  into  the  cloaca  and 
its  tip  carried  forward  into  the  base  of  the  bladder  and  fastened  in  place  by  the  thread. 
The  frog  is  laid  on  its  back  on  the  Thoma  plate  adapted  to  the  bladder  and  lung  (Fig. 
72).  The  rubber  tube  is  attached  to  a  slightly  raised  flask  so  that  the  salt  will  siphon 
into  the  bladder  under  a  very  low  pressure.  Now  if  the  clip  be  released  the  bladder 
will  appear  in  the  opening  of  the  abdomen  and  will  be  pressed  out  as  a  transparent  bag 
by  the  salt  solution  over  the  glass  window  in  the  plate.  Great  care  should  be  taken 
to  avoid  more  distention  of  the  bladder  than  is  necessary  to  keep  it  spread  over  the 

glass,  since  the  circulation  is  very  easily  disturbed  or  interrupted.  A  cover-glass  may 
be  laid  upon  the  bladder  or  held  in  place  over  and  touching  it  by  an  upright  attached 
to  the  plate  for  this  purpose,  and  irrigation  with  salt  solution  started  and  maintained. 

If  the  circulation  is  compromised  one  should  see  that  the  base  of  the  extruded 
portion  of  bladder  is  not  pressed  upon  by  the  abdominal  walls;  that  it  is  not  overfilled 
and  is  not  pressed  too  much  by  the  cover.  By  attending  to  those  points  in  a  frog  not 
over-curarized  one  may  maintain  the  circulation  for  hours.  Since  the  wall  of  the  blad- 

der is  very  thin,  consisting  of  little  else  than  the  almost  invisible  epithelial  lining,  a 
membranous  connective-tissue  wall  reinforced  here  and  there  by  slender  bundles  of 
smooth  muscle  cells,  and  the  blood-vessels,  one  secures  in  this  organ  pictures  of  the 
blood-vessels  of  incomparable  clearness  and  may  study  the  minutest  phases  of  the 
circulation  and  its  disturbances,  emigration,  etc.  The  contraction  of  the  muscle 
bundles  brings  about  occasional  shifting  of  the  field,  but  this  is  not  usually  a  serious 
drawback  to  continuous  observation  even  with  high-power  lenses. 

On  the  whole,  though  slightly  more  difficult  to  prepare,  the  bladder  is  to  be  pre- 
ferred to  the  mesentry  for  studies  on  the  minute  phenomena  of  emigration,  diapede- 

sis,  haemorrhage,  etc.,  and  it  is  admirably  suited  to  the  study  of  the  local  effect  of  drugs, 
such  as  adrenalin,  on  the  circulation. 

In  neither  the  mesentery  nor  the  bladder  is  it  necessary  to  injure  the  organ  further 
than  is  inevitable  in  the  preliminary  operation  and  exposure,  in  order  to  incite  the 
inflammatory  phenomena  in  the  vessels.  In  both  organs  the  course  of  the  emigrated 
leucocytes  may  be  followed  through  the  interstices  of  the  tissues  after  they  have  left 
the  vessels.  It  is  most  instructive  after  the  observations  on  the  living  animal  are 

completed  to  pith  or  decapitate  the  frog,  fill  the  blac^der  with  a  fixative  such  as  Orth's 
fluid,' in  which  the  organ  after  ligating  is  placed,  and  finally  to  scrape  off  the  epithe- 

lium, stain  with  hsematoxylin  and  eosin,  and  mount  pieces  of  the  wall  in  balsam  for 
study. 

The  Lung. — The  circulation  in  the  lung  and  various  phases  of  its  disturbance  may 
be  studied  on  the  living  frog  by  the  use  of  the  Thoma  plate  especially  adapted  for  the 
bladder.  The  preliminary  operation  is  made  in  the  axillary  line,  the  long  incision 
reaching  forward  to  the  axilla.  A  cannula  tapering  to  one  end  so  as  to  pass  between 
the  folds  of  the  glottis  for  five  or  six  mm.,  but  not  to  slip  further  in,  is  tied  in  place  by 
a  thread  through  the  snout  of  the  curarized  animal.  A  flexible  rubber  tube  over  the 
free  end  of  the  cannula,  which  extends  a  couple  of  centimetres  beyond  the  snout  and  is 
controlled  by  a  clip,  enables  one  to  blow  into  the  lung  and  force  it  out  through  the 
incision.  The  inflation  should  not  be  excessive  and  the  base  of  the  lung  should  not  be 
constricted.  The  animal  is  placed  on  its  back  upon  the  plate  with  the  distended  lung 
over  the  glass  window  and  irrigated  in  the  manner  above  indicated  for  the  bladder. 
The  picture  of  the  circulatory  districts  of  the  single-sac  lung  with  the  blood  shooting 
through  the  rich  capillary  network  and  entering  the  veins  is  most  interesting  and 
important  for  one  who  would  appreciate  the  significance  of  lung  lesions  involving,  as 
most  ot  them  do,  disturbances  of  the  circulatory  mechanism. 

8 
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ANIMAL  PARASITES. 

Protozoa. 

General  Characters  of  the  Protozoa. — The  protozoa  are,  with  few 
exceptions,  unicellular  animal  organisms  of  a  primitive  type,  reproducing 

by  division,  by  budding,  and  by  spore  formation.  Some  are  verj'-  minute, 
others  many  millimetres  in  diameter.  Some  of  them  seem  to  lie  between 
and  to  link  the  two  great  divisions  of  living  beings  somewhat  arbitrarily 
established — the  animals  and  the  plants. 

While  some  of  the  protozoa  are  relatively  simple  in  structure,  others 
are  extremely  complex.  The  life  cycle,  also,  of  some  forms  is  simple, 
while  others,  passing  through  sexual  and  asexual  phases,  present  at 
different  periods  the  greatest  diversity  in  form  and  function. 

Some  protozoa  maintain  an  independent  existence,  others  are  para- 
sitic for  men  and  animals.  Among  the  parasitic  forms  are  important 

groups  which  require  residence  in  the  body  of  more  than  one  animal 
species  for  the  completion  of  their  life  cycle.  Many  of  the  protozoa 
possess  organs  of  locomotion,  pseudopodia,  flagella,  and  cilia. 

Our  knowledge  of  the  protozoa  parasitic  in  man  is  of  recent  date, 
but  is  accumulating  with  great  rapidity  especially  as  regards  tropical 
forms.  Many  forms  are  so  difficult  to  study  and  to  classify  that  for 
the  moment,  in  numerous  instances,  conjecture  and  a  balancing  of 
probabilities  and  analogies  are  made  to  do  duty  in  lieu  of  facts. 

Although  not  yet  proven,  it  is  widely  believed  that  some  if  not  all  of 
the  exanthemata,  yellow  fever,  and  it  may  be  hydrophobia,  are  probably 
incited  by  some  form  of  parasitic  protozoa. 

Modes  of  Transmission  of  Protozoan  Parasites. — Some  forms  of  pro- 
tozoa are  transmitted  by  contact,  as  in  certain  trypanosomes  and  the 

syphilis  organism;  others  are  ingested  with  food  and  drink. 
Congenital  transmission  of  the  syphilis  organism  is  of  frequent 

occurrence. 

So  confident  are  many  observers  that  small-pox  and  scarlatina  are 
incited  by  protozoan  parasites,  presumably  by  such  as  in  the  develop- 

ment of  their  life  cycle  form  minute  spores,  that  they  venture  to  assume 
that  in  these  diseases,  at  least,  the  infective  agent  may  be  air-borne  in 
floating  dust. 

Finally,  in  many  instances,  infection  takes  place  through  trans- 
mission by  intermediate  hosts.  This  is  the  case  in  malaria,  yellow  fever, 

and  with  certain  trypanosomes  and  sporozoa.  In  the  transmission  of 
the  malarial  organism  by  the  mosquito  and  in  some  trypanosomes, 
important  phases  in  the  life  cycle  of  the  parasite  take  place  in  the  body 
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of  the  intermediate  host.  Other  insects — ticks,  bed-bugs,  and  leeches — 
act  as  intermediaries,  especially  among  the  lower  animals. 

The  Efifects  of  Protozoan  Parasites  upon  their  host  are  in  many  cases 
obvious,  in  many  quite  obscure.  We  shall  consider  some  of  these  in  the 
brief  review  of  species  which  follows. 

Cultiyation  of  Protozoa. — It  has  been  found  practicable  to  cultivate 
artificially  some  forms  of  protozoa — amoebas,  trypanosomes — by  modi- 

fications of  the  methods  so  fruitful  with  the  bacteria.  But,  owing  partly 
to  the  complexity  of  the  life  cycle  in  some  of  the  protozoa,  and  to  the 
fact  that  some  are  always  naturally  parasitic  under  peculiarly  complex 
conditions,  the  knowledge  thus  far  derived  from  artificial  cultivation 
is  limited. 

The  scope  of  this  book  does  not  permit  more  than  this  brief  general 
survey  of  the  protozoa  which,  as  we  are  but  just  beginning  to  realize, 
share  so  largely  in  the  infective  maladies  of  man  and  the  lower  animals. 
Nor  can  we  do  more  than  consider  briefly  some  of  the  most  significant 

forms  which  are  related  to  human  pathology.  ̂  

The  Classification  of  Protozoa. — The  protozoa  are  commonly  sep- 
arated into  four  primary  divisions  which  are  based  upon  the  existence 

or  the  character  of  motile  organs,  pseudopodia,  flagella,  and  cilia,  as 
follows : 

I.  Sarcodina. — Movement  by  pseudopodia. 
II.  Mastigophora. — Movement  by  flagella. 

III.  Infusoria. — Movement  by  cilia. 
IV.  Sporozoa. — Without  motile  organs;  all  parasitic. 

I.  Sarcodina. 

The  protozoa  of  this  division  are  usually  of  simple  structure,  charac- 
terized mainly  by  motile  organs  in  the  form  of  changeable,  broad  or 

slender,  protoplasmic  processes — pseudopodia.  Reproduction  is  by  divi- 
sion and  by  spores. 

In  the  class  of  rhizopoda  of  this  division  are  forms  parasitic  and 
pathogenic  in  man.  Among  the  longest  and  best  known  of  these  are 
the  amoebas. 

Entamoeba  histolytica  (Amoeba  dysenteriae)  is  of  considerable  path- 
ologic importance.  Councilman  and  Lafleur^  in  1891  first  definitely 

established  the  significance  of  this  protozoan  parasite  which  they  called 
Amoeba  dysenteria?,  a  name  now  superseded  by  Entamoeba  histolytica  of 
Schaudinn. 

It  has  been  repeatedly  found  in  acute  and  chronic  dysentery,  most 
frequently  in  the  tropics,  in  the  intestinal  contents,  at  the  bottom  of  the 

*  For  a  r^sum^  of  our  present  knowledge  of  the  parasitic  and  other  protozoa,  consult  Novy,  The 
R61eof  Protozoa  in  Pathological  Processes,  Path.  Soc,  Phila.,  x,  1907.  CaW:in«,  Protozoology,  1909, 
is  a  valuable  and  readable  epitome  of  the  subject  and  rich  in  interesting  data  and  views  bearing  upon 
human  and  animal  pathology,  bibl.  See  also  the  excellent  epitome  in  Park  and  Williams,  Patho- 

genic Bacteria  and  Protozoa.  1910,  where  also  references  to  standard  works  will  be  found. 
*  John  Hopkins  Hosp.  Rep.,  ii..  395.  1891. 
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intestinal  ulcers,  and  in  the  secondary  abscesses,  espeeiaily  of  the  liver, 
which  may  accompany  ulcerative  colitis.  The  amceba  is  believed 
to  be  the  inciting  factor,  in  some  eases,  in  both  the  primary  ulcerative 
colitis  and  its  complicating  abscesses  (see  page  076). 

This  amoeba  (Fig.  73)  is  a  spheroidal  cell,  from  five  to  eight  times 
the  diameter  of  a  red  blood  cell,  with  granular  protoplasm  and  a  vesicular 
nucleus.  It  often  contains  larger  and  smaller  vacuoles.  Frequently, 

especially  when  the  amceba  ia 

active,  a  portion  of  the  proto- 
plasm appears  almost  homogen- 

eous— ectosarc — while  the  rest 

— endosaro — is  granular.  When 
moving  it  assumes  various 

forms,  thrusting  out  and  with- 
drawing nearly  homogeneous 

pseudopodia.  It  may  also 

change  its  shape  without  pro- 
gressive movement.  It  occurs 

in  acute  and  chronic  dysentcrj', 

frequently  in  Egypt,  occasion- 

Fio.  73.— ehtah(zba  histolytic*.  ^''J'  ''^  Russia,   India  and   the 
Fromiheb(«tmsiwiiiiueBrBauicprinnm<>.bicFoiUb.    Philippines,  and  is  often  seen  in 

the  United  States.' 
The  parasite  is  capable  of  making  its  way  between  the  epithelial  cells 

of  the  intestinal  canal,  but  the  way  in  which  lesions  are  induced  is  not 

clear.     The  organism  has  been  artificially  cultivated.' 
Animal  inoculations  with  this  species  have  given  positive  results. 

For  the  details  of  these  as  well  as  the  differentiation  between  this  and 

the  common  non- pathogenic  intestinal  Entamceba  coli,  see  special  works 
on  protozoa  and  clinical  pathology. 

Other  species  of  amoeba  have  been  found  in  the  human  mouth, 

intestines,  and  bladder,  but  arc  apparently  not  pathogenic.  The  Enta- 
mteba  coli  is  very  frequently  present  in  health  and  in  intestinal  disorders 

other  than  dysenteric'  There  is  reason  to  believe  that  anitebas  are  ac- 
quired through  drinking  water  and  uncooked  foods. 

HEGRI  BODIES  AMD  CYTORYCTES. 

The  so-called  "Negri  bodies,"  (page  295),  so  conatantly  present  in  hrain  celts  in 
hydrophobia,  and  certain  cell  inclusions  in  the  lesions  of  small-pox,  have  been  inter 
preted  ds  parasitic  protoma,  named  respectively  Xeuroryetea  hydrophobia:  and 
CijtorycUa  variola,  and  classified  among  the  pathogenic  rhizopods. 

1  Wb  refer  tor  further  detnib  concerning  the  SnIBmcEba  hiatolj-tica  to  the  work  ot  Councilman  and 
Laflrur  on  "Amicbic  Uyatmlery"  Juhos  Hopkins  Hospital  ReporM.  vol.  ii.,  p.  395.  1S9I.  For  ■ 
method  of  differential  slaiaius  of  the  EnCsmiitba  histolytica  sec  Mallary.  Journal  of  ExperimenUl 
Medicine,  vol.  ii.,  p.  SM.  1SB7.  For  o  rtfumi  of  AmrebaB,  cullivntiun  and  significance,  aee  Muvrovi 
tad  CItm.  Bureau  of  Govt.  Labt.  Dept.  of  the  Interior.  Biological  Laboratory  No.  IS,  Oct.,  1904.  and 
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II.  Mastigophora. 

These  organisms  are  of  definite  or  changeable  shape,  with  or  without 
a  membrane.  They  are  characterized  by  the  possession  of  one  or  more 
undulating  or  vibratile  processes  or  flagella.  Some  forms  seem  to  be 
closelv  related  to  the  bacteria. 

Trypanosomes. — Among  the  flagelhited  protozoa  the  trypanosomes 
are  of  much  significance,  occurring  as  free  swimming  parasites  in  the 

blood  of  both  cold-  and  warm-blooded  animals — mammals,  birds,  rep- 
tiles— and  in  the  intestines  of  certain  blood-sucking  insects — flies, 

mosquitoes. 
Trypanosomes  are  elongated,  usually  pointed,  and  may  have  one  or 

two  flagella  and  an  undulating  membrane  at  the  side  attached  to  the 

flagella  (Fig.  74).  The  membrane  is  often  attached  in  folds  or  undula- 
tions so  that  the  movement  of  the  parasite  in  swimming  is  somewhat 

augur-like.     They  reproduce  by  division. 
In  many  instances  the  trypanosomes  seem  to  be  of  no  special  sig- 

nificance to  the  host,  but  in  several  of  the  lower  animals  and  in  man 
some  species  are  markedly  pathogenic. 

Trypanosomes  are  common  in  wild  rats  in  all  countries.  The  species 
infesting  these  animals,  Tr,  lewisi^  can  be  readily  transmitted  with  the 
blood  to  a  fresh  animal  by  injection  and  does  not  appear  to  interfere  with 

the  well-being  of  the  rats.  A  certain  immunity  to  subsequent  injections 
seems  to  be  conferred  by  the  presence  of  these  parasites  in  the  blood  of 
the  rat,  from  which  they  usually  disappear  in  two  or  three  months. 

Novy  and  McNeal  first  successfully  cultivated  the  Trypanosoma 
Icwisi  and  other  forms  on  nutrient  agar  containing  varying  amounts  of 
defibrinated  or  laked  rabbit  blood. 

Pathogenic  Trjrpanosomes. 

Tsetse -fly  Disease. — Among  the  more  important  of  the  trypanosome 
infections  we  may  note  Nagana  or  the  tsetse-fly  disease  (Fig.  74).  This 
infectious  disease  of  cattle,  horses,  and  mules  occurring  in  Africa,  espe- 

cially in  Zululand,  has  long  been  known  and  was  at  one  time  of  great 
economic  importance.  It  is  characterized  by  fever,  emaciation,  edema, 
etc. 

In  1894  Bruce  discovered  a  trypanosome — Tr.  brucei — in  the  blood 

of  the  aff'ected  animals.  He  also  found  that  the  parasite  was  conveyed 
to  healthy  animals  through  the  bite  of  a  tsetse-fly  of  that  country — 
Glossina  morsitans — which  had  shortly  before  bitten  an  infected  animal. 
The  original  source  of  the  parasite  was  found  to  be  the  wild  animals  of 
the  region,  which  did  not  appear  to  be  affected  by  it.  Man  is  immune 
to  this  species  of  trypanosome. 

Surra. — This  disease  of  horses  and  cattle,  occurring  in  India,  and 
possibly  in  other  tropical  countries,  has  been  shown  to  be  due  to  a 
trypanosome,  Tr.  evansi,  which  is  conveyed  from  infected  to  healthy 
animals  by  a  fly. 
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Several  other  diseases  of  wild  and  domestic  animals  are  known  to  be 

incited  by  trypanosomes. 

Sleeping  Sickness. — The  "sleeping  sickness"  is  very  common  and 
fatal  among  the  negroes  of  equatorial  Africa,  assuming  in  the  Congo 
region  the  character  of  a  veritable  pestilence  whose  victims  number 
hundreds  of  thousands.  White  men  are  not  exempt.  The  disease, 
still  rapidly  extending,  is  characterized  by  lethargy,  debility,  emaciation, 
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drowsiness,  coma,  and  death.  It  is  incited  by  a  trypanosome,  Tr. 
gambiense,  which  also  is  conveyed  by  a  tsetse-fly,  Glossina  palpalis. 
The  lesions  noted  are  congestion  of  the  meninges  with  fluid  exudate  and 

enlargement  of  the  lymph-nodes,  spleen,  and  liver.' 
Spirochseta.' — ^Among  the  spirally  curved  bacteria  it  has  been  cus- 

tomary to  recognize  a  genus  called  Spirillum,  the  members  of  which 
have  a  rigid  spirally  curved  body,  and  a  genus  called  Spirockwta,  in  which 

1  For  B  Bummarv  ol  UvpiuitHom«  and  diaeaaos  incited  by  tliem,  see  Novy,  The  Harvey  Lectures. 
1905-0:  Jour.  Am.  Med.  Assn.,  Jon.  5.  1007.  For  s  »ludy  of  trypanoaomiasia  nith  apeeisl  refeimce 
to  eervice  in  the  Philippine  lalanda,  see  Matnrave  and  CIpbb.  Departmcat  of  Interior.  U.  S.  A.,  Bureau 
of  Government  Laboratories.  lOO:!.     For  a  study  of  specific  chemieal  therapy  in  Irypanoeomiaais.  see 
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the  organisms  are  also  spirally  curved  but  are  described  as  flexible.     These 
genera  have  been  considered  to  embrace  closely  related  bact«rial  forms. 

The  discovery  by  Schaudinn  of  Spirochseta,  now  called  Treponema, 
pallidum  (Fig.  75),  in  the  lesions  of  syphilis  has  given  rise  to  many 
critical  studies  of  spirochetes,  and  while  we  cannot  enter  here  into  the 
details  of  the  matter,  it  has  finally  become  probable,  if  not  entirely 
proven,  that  the  spirochetes  are  protozoa  and  not  bacteria  or  at  least 

that  the  protozoan  characters  are  predominant  in  them.' 
The  remarkable  achievement  of  Ehrlich  in  creating,  on  a  carefully 

projected    theoretical    basis,    the    synthetical    chemical    compound    of   . 
arsenic,  dioxydiamidoarsenobenzol,  popularly  known  as  006,  which  has 

stain  by  the  India  ink-method  <soe  p  278). 

a  specific  destructive  action  on  the  life  not  only  of  the  spirochetes  of 
syphilis  and  of  relapsing  fever,  but  upon  trypanosomee  as  well,  would 
indicate  a  relationship  between  the  spirochetes  and  the  protozoa  which 
tends  to  confirm  the  evidence  from  morphology. 

Treponema  (Splrochfeta)  Pallidum. — This  organism,  now  believed  to 
be  a  protozoan  and  the  inciting  agent  in  syphilis,  is  described  in  connec- 

tion with  the  lesions  of  that  disease  on  page  274. 

Splrochssta  Obermderi. — The  protozoan  organism  inducing  relapsing 
fever  and  Spirochfeta  pertenuis  of  Castellani  will  be  considered  among  the 
infectious  diseases,  see  page  292. 

The  occurrence  of  spirochetes  in  tumors  is  as  yet  of  such  uncertain 
significance  that  this  mention  may  suffice. 

Leisfanum -Donovan  Bodies,-— In  some  form-s  of  cachexlal  fever  of  India  associated 
with  enlarged  spleen  and  marks  of  profound  toxiemia — the  so-called  kala-aiar; 
dum-dum  fever — there  have  been  found  la  the  spleen,  blood,  etc.,  peculiar  bodies 
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now  known  as  the  Leish man-Donovan  bodies  which  were  believed  to  belong  to  the 
trypanosomes  and  have  given  rise  to  much  discussion.  More  recently  they  have 
been  placed  in  the  genus  Herpetomonas — an  allied  form  of  ilagellata  or  protozoa — 
in  which  are  organisms  commonly  parasitic  in  the  fly.     The  organism  is  believed  to 

be  transmitted   to  man  through  the  bite  of  the  bed-bug. 
For  further  details,  see  p.  480. 

Trichomonas  vaginalis  has  an  oval  or  pear-shaped  body 
from  0.015  to  0  025  mm.  long,  with  a  cluster  of  flagella  at 
one  end  and  an  undulating  membrane,  frequently  mistaken 

for  cilia,  upon  the  side  (Fig.  76).  It  is  of  occasional  occur- 
rence in  vaginal  exudates.  The  possibility  of  mistaking  the 

T.  vaginalis  for  human  spermatozoa  should  be  borne  in 
mind  in  medico-legal  examinations,  although  to  an  ob- 

server familiar  with  either  structure  such  a  mistake  could 
hardlv  occur. 

Some  forms  of  Trichomonas  have  been  found  in  the  urine 

of  man,  in  the  intestines,  and  in  the  sputum.^ 

Fio.  76. — Trichomonas 
Vaginalis. 

After  Dock. 

III.  Infusoria. 

The  infusoria  are  the  most  highly  dififerentiated  of  the  protozoa. 
They  have  numerous  motor  appendages  or  cilia,  which  may  persist 
through  life  or  in  some  forms  be  replaced 

in  the  adult  stage  by  suctoria.  They  re- 
produce chiefly  by  fission,  or  budding. 

Among  the  ciliated  infusoria,  few  if  any 
are  pathogenic  in  man.  The  Bala ntidi urn 
coli  (Fig.  77)  is  an  ovoid al  organism  from 
0.06  to  0.1  mm.  long;  it  is  a  common 
parasite  of  swine  in  some  regions,  and  has 
been  found  a  few  times  in  the  intestinal 

tract  of  man  under  conditions  which  indi- 
cated its  prob.able  pathogenic  significance. 

*.i 
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Fig.  77, — Balantidicm  Coli. 
After  Braun 

'^«!«S!, 

IV.  Sporozoa. 

The  sporozoa  are  all  parasitic,  living  at  some  period  of  their  life 
cycle  in  the  cells  of  their  host,  and  are  especially  characterized  by  their 
reproduction  through  encystment  and  spore  formation  and  absence  of 
definite  motile  organs.  Many  forms  of  the  organisms,  especially  the 
spores,  are  very  minute  and  difficult  of  identification. 

The  sporozoa  are  widely  distributed,  being  found  as  parasites  in 

nearly  all  classes  of  animals.  They  may  invade  the  gastro-intestinal 
canal  and  the  kidney  and  their  adnexa,  the  blood,  muscle,  connective 
tissue,  and  skin.  While  many  of  them  appear  to  be  harmless  to  their 
host,  others  may  do  serious  damage  by  blocking  the  tissue  spaces  and 
thus,  or  in  other  ways,  inducing  necrosis,  atrophy,  or  cell  death.  Some 
forms  are  wholly  intracellular,  others  remain  for  only  a  part  of  their  life 
cycle  within  single  forms  of  cells,  passing  then  to  other  cells  or  to  the 

1  For  original  studies  of  Trichomonas  with  historical  summary  and  bibliographj',  see  Dock,  Am. 
Jour.  Med.  Sc,  vol.  cxi.,  p.  1,  1896. 
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body  cavities  or  to  hosts  of  a  different  species.  The  life  cycle  of  many 
forms  is  extremely  complex.  On  account  of  their  strict  parasitism  and 
the  requirements  in  some  instances  of  an  interchange  of  hosts,  precluding 
the  methods  of  culture  applicable  to  many  of  the  lower  organisms,  the 
life  history  of  many  forms  is  still  unknown  or  obscure. 

The  classification  of  the  Sporozoa  is  still  tentative,  but  one  may  con- 
veniently recognize   the  following  orders: 

1.  GregarinT. — These  are  round  or  elongated  parasites,  some  of  the 
higher  forms  presenting  partitions  in  the  cell  with  special  development 
of  one  end  for  attachment.  They  are  parasitic  in  certain  cold-blooded 
animals,   especially    the    invertebrates.     The 
young  stages   only  are  intracellular,  mature 
forms  occurring  in  the  body  spaces. 

2.  The  Myxosporidia  are  parasitic  in  cer- 
tain of  the  invertebrates,  in  fishes  and 

batrachians.  Epidemics  among  silk  worms 
incited  bv  a  parasite  of  this  class  have  occa- 

1        "  .  I  «,  .  Ficj.  78. — CocriDii'M  Oviform E. sioned  senous  losses.     Many  species  are  con-  in,     u       *i.  i  .  i .  "^      *^  This  shows  the  encapsuiatod 
cerned  in  diseases  of  fish,  in  which  they  may      form  of  the  para««ite.  with  the 

cause   extensive    deep    foci    of   necrosis   and      formation  of  spores. ulceration. 

3.  Coccidia. — Organisms  of  this  order  are  parasitic  in  certain  of  the 
invertebrates,  in  birds,  reptiles,  and  mammals.  They  are  round  or  oval, 
usually  intracellular  parasites  having  no  free  motile  adult  stage.  They 
are  most  frequently  found  in  the  epithelium  of  the  intestine  and  liver. 

One  of  the  most  common  forms  in  the  mammalia  is  Cocci dium  ovi- 
forme  (Fig.  78)  which  is  of  frequent  occurrence  in  the  liver  of  the  rabbit, 
forming  a  part  of  the  contents  of  yellowish  irregular  shaped  masses, 

resembling  tumors,  or  in  the  form  of  cysts.  ̂  
The  parasites  surround  themselves  with  a  capsule  within  which 

elongated  sporozites  develop.  This  encapsulated  form  may  be  taken  up 
by  a  new  host  in  which  the  sporozites  are  set  free  and  enter  the  epithelial 
cells  in  which  they  again  become  encapsulated. 

The  occurrence  of  Coccidium  oviforme  has  been  recorded  in  the  liver, 

kidney,  and  heart-muscle  of  man. 
Another  smaller  form,  occurring  in  the  intestinal  epithelium  of  dogs, 

cats,  and  rabbits,  has  been  found  in  two  cases  in  a  similar  situation  in 
man. 

Rixford  and  Gilchrist*  have  described  in  detail  two  cases  of  proto- 
zoan (coccidoidal)  infection  of  the  skin  and  other  organs,  making  a  care- 

ful comparison  between  these  and  organisms  somewhat  resembling  them 
which  have  been  found  in  various  skin  lesions. 

4.  Sarcosporidia. — In  this  order  of  the  Sporozoa  the  usually  elongated 
slender  early  stage  is  found  in  between  the  muscle  fibres  and  bundles  of 

vertebrates — mouse,  hog,  and,  in  a  few  instances,  in  man.  These  are 

commonly  known  as  the  "tubes  of  Miescher"  or  "of  Kainey."     Reiii- 

'  See  Tyzzer,  Jour.  Med   Rea.,  vol.  vii.,  p.  235.  1902.  hihl. 
'Johns  Hopkins  Hospital  Reports,  vol.  i.,  p.  209.  1S96.  bibliography. 
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form  or  falciform  spores  are  developed.  The  adult  forms  are  spheroidal 

or  elongated.     The  life  cycle  is  not  well  known.' 
5.  HcEmosporidia. — These  parasites  of  the  blood  form  a  large  group 

occurring  in  the  corpuscles  or  plasma  of  vertebrates — amphibia,  reptiles,' 
birds,  and  mammals.  Some  forms  are  among  the  most  important  of  the 
protozoan  parasites  of  man.  They  arc  of  small  size;  the  adult  form  is 
motile.  One  stage  in  the  life  cycle  is  passed  in  the  blood  of  the  verte- 

brate host.  Another  stage  or  cycle  may  be  passed  in  the  body  of  some 
insect,  acting  as  an  intermediate  host. 

Among  the  mammalian  hfemosporidia  we  may  mention  the  hsmat- 
ozoa  of  malaria  and  the  hsmatozoon  of  Texas  fever. 

Malaria. — The  characters  of  the  malarial  hsematozoon,  for  which  the 
mosquito  acts  as  intermediate  host,  are  described  in  detail  on  page  312. 

Texas  Fever. — Texas  fever  (tick  fever) ,  a  disease  of  cattle  marked  by 
fever,  debility,  and  hsemoglobinuria,  occurs  in  many  parts  of  the  world — 
North  and  South  America,  Europe,  and  Africa.  The  hsematozoon  in- 

ducing Texas  fever  was  discovered  by  Theobald  Smith  and  Kilbourne' 
and  Is  now  called  Piroplasma  bige-minum.*  In  one  stage  it  is  a  minute 
pyriform  organism  occurring  often  in  pairs  in  the  red  blood  cells  of  its  host. 
Free  forms  have  been  found  in  the  blood.  While  its  life  cycle  has  not 
been  completely  worked  out,  Smith  and  Kilbourne  showed  that  a  cattle 
tick  acting  as  an  intermediate  host  transmits  the  parasite  through  her 
eggs  and  larvte.  It  is  through  these  young  ticks  that  fresh  cattle  be- 

come infected.'  Other  species  of  Piroplasma  have  been  found  in  the 
dog  in  various  countries;  atill  others  in  horses  and  sheep. 

Methods  of  Study  of  the  Protozoa : 

The  protozoa  may  be  studied  in  the  Uving  cunditioD  either  in  the  fluids  in  which 
they  are  found  or  in  three-quo rter-per-cent.  salt  solution.  They  may  be  killed  and 
preserved  by  allowing  a  drop  of  one-per-cent.  osmic  acid  to  run  under  the  cover-glass, 
and  replacing  this  after  an  hour  by  glycerin  lightly  tinged  with  eoain.  Or  they  may 
be  killed  by  sublimate  solution  and  stained. 

Many  of  the  smaller  forma  show  well  when  dried  on  the  cover-glass  and  stained 
with  the  anilin  dyes  by  the  methods  used  for  bacteria  (see  p,  143). 

The  movements  of  the  Entam<cba  histolytica  in  the  fsces  or  in  the  contents  of 
_i     ^,i.:.i|  frequently  contain  them  in  enormous  numbers,  may  be  studied  on 

1  three-quarter-per-cent.  salt  solution.  "Its  morphology  may  be  studied ning  it,  such  as  intestinal  ulcers,  abscesses,  etc.,  which  have  been 
ohol  and  stained  either  with  methylene  blue  or  hfematoxylin,  the 
lecially  commended  by  Councilman  and  Lafleur. 
:b  to  obtain  pure  cultures  of  certain  forms  of  Amixba  and  similar  or 
protozoa  have  been  partially  successful.  The  method  by  which  Mc- 
oblained  pure  culture  of  trypanosomes,  namely,  by  the  use  of  ordinary 

ntaining  rabbit's  blood,  is  of  high  promise  in  related  forms  of  protoxoa. 
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For  details  of  this  method  as  well  as  a  risurtU  of  the  cultivation  of  protozoa,  consult 

McNeal  and  ̂ I'ory,  "Contributions  to  Medical  Research,  Vaughan  Anniversary 
Volume,"  1903,  p.  M9. 

Metazoa. 

Among  the  multicellular  parasites,  the  worms — the  fiat  flukes  and 
tape-worms  as  well  as  the  round  worms  and  a  few  insects — form  the  most 
important  classes  for  our  consideration.  But  for  the  details  concerning 
these  as  well  as  the  other  larger  parasites  we  must  refer  to  special 
works  on  parasitology. 

It  may  be  said  in  general  that  the  metazoan  parasites  may  be  harm- 
ful to  the  structure  or  the  function  of  the  host,  though  the  damage  is 

often  very  slight, either  by  their  local  presence,  occluding  canals,  ol)struct- 
ing  vessels,  inducing  local  irritation,  or  structural  damage,  or  by  their 
movements  about  the  body;  by  the  appropriation  of  food  belonging  to 
the  host;  or,  finally,  by  the  setting  free  of  deleterious  metabolic  products 
of  their  owti  manufacture. 

This  toxic  action  of  certain  parasites  is  especially  marked  by  the 
more  or  less  pronounced  eosinophilia  present  in  a  large  proportion  of 

patients  who  are  the  victims  of  invasion  by  parasitic  worms.* 
The  frequent  ansemia  associatetl  with  the  presence  of  metazoan 

parasites  and  the  local  injuries  inflicted  by  them,  especially  of  the  mucous 
membranes,  through  which  the  body  is  made  more  vulnerable  to  second- 

ary bacterial  invasion,  are  all  of  considerable  importance.  Some  of 
these  eflfects  will  be  referred  to  in  the  following  brief  series  of  individual 
forms  of  metazoan  parasites. 

Worms. 

TREMATODA  (Flukes). 

These  worms  are  small,  flat,  tongue-shaped,  or  leaf-like  creatures, 
with  an  intestine,  and  a  discoidal  structure  on  the  under  surface,  by 
means  of  which  they  attach  themselves.  There  are  several  genera 
and  species  found  in  man.  The  most  common 
genus  is  Disloma.  Of  these  D.  hepaticum  is  of 
most  frequent  occurrence  (Fig.  79).  It  is  about 
30  mm.  long,  and  usually  occurs  in  the  gall- 
ducts  and  gall-bladder.  The  embryos  are  often  Fio.  79.— Distoma  Hepat- 
attached  to  water  plants,  from  eating  which  the 
infection  is  believed  to  occur.  D.  lanceolatum  is 

more  slender,  pointed  at  the  ends,  8  to  10  mm.  long,  and  has  been 
found  a  few  times  in  the  gall-bladder.  D.  sitiense  is  a  slender  worm 
about  15  mm.  long,  and  has  been  found  in  the  bile  in  considerable 
numbers,  particularly  in  the  Chinese.  D.  hcematobiurn  is  a  more  nearly 
cylindrical  worm;  the  sexes  are  distinct,  the  male  from  12  to  14  mm. 
long,  the  female  16  to  18  mm.  long,  and  the  parasite  occurs,  especially 
in  Egyptians,  in  the  portal  and  other  abdominal  veins. 

^  Sec  for  a  study  of  the  influence  of  parasites  on  the  host.  Ward,  Science,  vol.  xxv.,  p.  201,  1907; 
commit  abo  Shipley  and  Feamsides,  Jour.  Economic  Biology,  vol.  i.,  1906. 

ICUM. 

About  natural  size. 
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CESTODA  (Tape  Worms). 

These  important  worms  consist,  in  the  mature  state,  of  more  or  less 
rectangular  or  elongated  flat  segments,  each  one  representing  a  single 
individual,  arranged  in  a  linear  series  to  form  a  colony.     At  one  end  of 
this,  called  the  head,  is  a  variously  formed  structure  for  the  attachment 
of  the  colony  to  its  host.     The  neck  and  head  are  called  the  sc^ex, 
while  the  segments  are  called  proglotlides.     These  worms  have  neither 
mouth   nor   alimentary   canal.     They   are   hermaphrodites,   the  sexes 

being  united  in  the  proglottides.     The  head 
and  neck  (scolex)  may  e-\ist  as  an  immature 
form  in  various  tissues  and  organs  where  they 
are  encysted,  and  are  often  calle<l  cysticercus. 

Tauia  solium  is  of  infrequent  occurrence 
in  man.     It  may  be  several  metres  in  length, 
and  may  be  coiled  up  or  stretched  out  in  llic 
small  intestines.     Several  worms  may  be  in 
the  gut  at  one  time.     The  .head,  ahout  the 

si^e  of  a  pin's  head  (Fig.  80),  has  a  project- 
ing proboscis  or  rostellum,  around  which  are 

arranged   a   double   row   of   horny   booklets. 
Below  these  arc  four  sucking  discs  at  the  sides 
of  the  head.     The  booklets   of  the  anterior 

row  are  larger  than  those  in  the  po.sterior  row, 
and   are  from  0.16  to  0.18  mm.  long.     The 
proglottides,  when  fully  developed,   are  from 
10  to  12  mm.  long  and  from  5  to  (>  mm.  wi<le, 
but  those  nearest  the  head  are  much  shorter 

and   immature.     The  eggs  of  T.  solium  are 
FiQ.  so.— Hbad  or  T.BNi*         ovojdal  structures,  about  0.03  mm.  in  diam- 

x'^boTw  vtiiT.     The  embryo  of  this  worm  is  most  com- monly seen  in  the  muscles  of  the  pig  as  an 

encysted  scolex,  commonly  called  a  "measle."'  It  occasionally  occurs 
in  man  in  the  muscles,  brain,  eye,  etc.,  and  is  called  Cyaticercus  celtiilosw. 

It  is  usually  about  the  size  of  a  pea,  but  may  be  as  large  as  a  pigeon's 
egg  and  surroundetl  by  a  connective-tissue  capsule. 

Infection  with  the  worm  occurs  in  the  human  subject  from  the  inges- 
tion of  insufficiently  cooked  "  measly  "  pork,  or,  in  the  case  of  Cysticercus 

ccllulosa!,  from  the  ingestion  of  the  eggs,  which  may,  in  a  variety  of  ways 
in  uncleanly  persons,  get  into  the  food, 

Twnia  medioeanHlala  (T.  sarp'nala  Leltkart). — The  head  of  this 
species  is  somewhat  cuboidal,  with  neither  rostellum  nor  booklets,  but 
with  four  sucking  discs  (Fig.  81).  The  segments  are  generally  broader 
and  shorter  than  in  T.  solium,  and  the  worm  is  usually  larger.  In  the 

embryonal  form  the  scolex  occurs  as  the  Ci/xlicerctis  iinice  mediocanel- 
lol-F  in  the  form  of  small  cysts  in  the  muscles  of  cattle,  from  the  eating 
of  which  in  the  uncooked  condition  the  infection  occurs.  This  is  the 

most  common  tapeworm  in  the  United  States. 
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Twnia  cchinococcus. — This  worm  in  the  mature  condition  forms  a 
short,  small  colony  inhabiting  the  intestine  of  the  clog.  The  head  is  about 
0.3  mm.  in  diameter  and  has  a  double  row  of  booklets  around  the  rostel- 
lum.  The  proglottides  are  three  or  four  in  number,  the  last  being  the 
larger.  The  entire  colony  is  not 
more  than  4  to  5  mm.  in  length. 
The  significance  of  this  parasite  • 
in    human    pathology    depends  ; 

upon  the  cysts,  called  hydatids,  \ ' 
which  it  forms,  in  the  immature  ■ 

or  cysticercus  stage,  in  various  ^^  '. 
parts   of    the    body.      Intimate  ^^^'         ' 
association  with  dogs  favors  the  ^^^ 
acquirement    of    this     parasite.  ^K^ 

When   the  eggs   of  the  mature  ■    ■'-     - 
worm    get    into    the    intestinal  ^ 
canal  of  man  they  undergo  par-  ■ . 
tial  development  and  find  their  J 

way  into  the  tissues  and  organs,  '    ,.;■.'. 
most  frequently  into  the  liver. 
Here  cysts  are  formed  which 

become  encapsulated  by  a  con- 
nective-tissue membrane  pro- 

duced by  the  inflammatory  reac- 
tion of  the  organ. 

The  cyst  wall  of  the  parasite  is  formed  of  two  layers — an  outer,  finely 
lamellatcd  layer  called  the  culicula  (Fig.  82),  and  an  inner,  granular 
layer  containing,  muscle  fibres  and  blood-vessels  called  the  parenchyma- 

tous layer.  Inside  of  the  primary  cyst,  secondary  cysts  sometimes  form, 
called  daughter  cysts;  and  within  the  latter,  tertiary  cysts,  called  grand- 

daughter cysts,  may  develop.  On  the  inner  surface  of  the  cysts,  either 
primary,  secondary,  or  tertiary,  the  scolices  or  heads  of  the  immature 

worm  are  formed.  These  de- 

velop in  the  walls  of  the  pedicu- 
lated  vesicles  called  brood  cap- 

sules. The  walls  of  these  vesicles 
have  a  lamellated  cuticula  and 

a  parenchymatous  layer  similar 
to  those  of  the  primary  cysts. 

=*"  *~^"'    ̂ ^  --,    -■        The  scolices,  of  which  there  may 
-7^         be   several  in  each   brood  cap- 

Fio.  82.— CuTictJL*  OF  EcHiNOrticci-s  Cist.         suIc,  are  similar  to  the  heads  of 
Showing  lame iinifd  Btniciu TO.  the   mature    tapeworm.      They 

are  about  0.3  mm.  in  diameter, 
having  a  rostellum  surrounded  by  a  double  row  of  booklets  and  four 
sucking  discs  (Fig.  83).  At  the  posterior  end  of  the  scolex  is  a 
pedicle  by  which  it  is  originally  attached  to  the  wall  of  the  brood 
capsule.     Little,  lamellatcd  concretions  of  lime  salts  are  often  present 

toppring  of  ihe  neck.     Nai 
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in   the   scolcx.      The   anterior   portion   of   the   scolex,    the   roatellum, 
hooklets,  anil  suckers,  are  often  itivaginated  in  the  posterior  portion. 
The  scolices  may  be  free  inside  of  the  brood  capsules,  or,  owing  to  (he 

of  the  latter,  they   may  be  free  in  the  cavity  of  the  primary 
They  may  die  and  degenerate,  forming  a  granular  mass  in  which 

the  hooklets  may  be  embedded, 
or  the  hooklets  may  be  free  Id 
the   brood    capsules    or    in   the 

primary  cysts.     Sterile  cysts  are 
often   found,   that  is,   those  in 
which    neither    brood    capsules 
nor  scolices  are  developed. 

The  cysts  contain,  in  addi- 
tion   to    the    scolices,    a    clear, 

gelatinous  fluid.     This  fluid  may 
become    turbid    by    admixture 
with    disintegrated    scolices    or 

fragments  of  the  parenchymal- 
-scoucM  OF  Tmhia  EcHiNococcis.         Qyg    layer,   or   it   may    contain 
(nraw  M^^"?^^^   ,int  eot  crait       fatty  (letritus,  cholcsterin  crys- 

tals, and  particles  of  lime  salts, 
d  may  be  partially  absorbed,  leaving  a  thick,  grumous  material 
he  cysts,  which  may  become  calcified  or  converted  into  a  stony 
When  the  scolices  are  not  found  entire  the  diagnosis  may  be 
r  the  discovery  of  the  separate  hooklets  (Fig.  84)  or  fragments  of 
racteristically  lamellated  cyst  walls.     The  connective-tissue  walls 
rimary  cysts  may  become  fatty,  or  caseous,  or  calcified. 
jtimes  the  secondary  vesicles  project  outward  instead  of  inward, 
a  series  of  cysts  outside  of  the  primary  one.     This  variety  of 
nent  is  sometimes  seen  in  man,  but  is  more  common  in  the 
;  animals.     It  is  called  Eckinocuccus  srolccipariens  or  exogena. 
her     variety     of     echinococcus, 
,  multilocularis,  is  almost  always 
L  the  liver,  and  appears  to  be  the 

f   incomplete  and  disturbed  de- 
nt of  the  embryos  or  cysts.     It 

of  a  congeries  of  irregular,  usually 
sts  (Fig.  480,  p.  789),  surrounded 
1  and  narrow  bands  of  connective 

nd  sometimes  containing  gelatin- 
1   and  scolices   or  booklets;  but      j.^^  S4  — HimKUTs  fbom  scolii  or 
r  structures  are  commonly  absent  T^m*  Echinopoccib. 
ult  of  detection.     The   whole  is 

rrounded  by  a  dense  connective-tissue  capsule  which  may  be 
The  entire  mass  often  presents  an  alveolar  structure  and  was 

regarded  as  a  tumor — alveolar  cancer.  The  diagnosis  may  be 
led  by  the  discovery  of  the  hooklets  or  scolices,  or  fragments  of 
'Hated  cuticula.     This  form  of  the  parasite  is  rare  in  America. 

^=
^ 
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There  are  four  or  five  other  species  of  taenia,  occurring  rarely  in  man. 

Taenia  nana. — This  species  occurs  in  the  form  of  small  colonies,  about  15  mm.  in 
length.  The  rostellum  is  surrounded  by  a  single  row  of  hooklets.  It  is  frequently 
found  in  the  intestinal  contents  of  Italian  children,  of  the  inmates  of  asylums  for 
the  insane,  and  of  a  considerable  proportion  of  the  population  of  some  of  the  South- 
em  States.  Taenia  flavopunctata,  a  species  about  which  little  is  known,  is  reported 
twice  in  America  as  occurring  in  the  intestine  of  young  children.  Taenia  madagascari- 
ensisj  also  little  known  and  rare,  has  been  seen  in  two  children  in  Madagascar. 

Taenia  cucumerina. — ^This  species  occurs  in  colonies  about  20  cm.  long.  The  head 
is  very  small  and  spheriodal,  and  has  four  rows  of  hooklets.  It  is  frequent  in  the 
small  intestines  of  dogs  and  cats.  It  occurs  occasionally  in  man.  Its  scolex  inhabits 
the  dog  louse,  and  infection  may  occur  in  man  by  the  transference  of  the  lice  or  the 
embryos  of  the  parasite  to  the  mouth,  as  the  result  of  the  filthy  habit  of  kissing  dogs 
and  cats  or  permitting  the  face  to  be  licked  by  them. 

Bothriocephalus  lotus. — This,  the  largest  of  the  human  tape  worms,  has  very  broad, 
quadrangular  proglottides.  The  head  is  ovoidal  and  about  2  mm.  long  and  1  mm. 
broad.  It  has  no  proper  sucking  discs  and  no  hooklets,  but  by  long  grooves  on  either 
side  of  the  head  the  animal  attaches  itself  to  it«  host.  The  neck  is  long  and  filiform. 
It  occurs  most  frequently  in  Europe,  particularly  in  the  northern  provinces.  The  eggs 
undergo  partial  development  in  water,  and  are  taken  up  by  the  pike  and  eel-pout,  and 
perhaps  by  other  fresh- water  fish,  from  the  ingestion  of  whose  flesh  in  an  imperfectly 
cooked  condition  the  human  infection  occurs.  Two  other  species  of  Bothriocephalus 
have  been  described  as  of  rare  occurrence  in  man:  B.  cordatus  in  Greenland  and  Ice- 

land, and  B.  cristaius. 

NEMATODA  (Round  Worms). 

These  worms  are  in  general  cylindrical,  elongated,  usually  pointed 
at  the  ends,  and  sometimes  filiform.  The  surface  is  sometimes  smooth, 

sometimes  irregularly  beset  with  hairs  and  papillse,  or  possesses  longi- 
tudinal elevated  striae  or  transverse  rings;  but  the  body  is  not  segmented. 

Fig.  85. — Ascaris  Lumbricoides.     About  half  natural  size. 
A ,  Male.     B,  Female.     After  Perls. 

There  is  a  mouth  at  the  anterior  portion,  and  a  ventral  anus  near  the 
posterior  end.  The  intestine  is  straight.  The  sexes  are  in  most  forms 
distinct,  the  male  being  in  general  smaller  than  the  female. 

Ascaris  lumbricoides, — This  is  one  of  the  most  common  of  the  human 

intestinal  parasites,  and  is  of  particularly  frequent  occurrence  in  chil- 
dren. It  is  of  a  light-brownish  or  reddish  color.  The  female  is  from  30 

to  40  cm.  long  and  from  5  to  6  mm.  thick.  The  male  is  somewhat  more 
than  half  as  large  (Fig.  85).  Both  sexes  are  pointed  at  the  ends,  the 
posterior  end  of  the  male  being  curved  into  a  spined  hook.  The  eggs, 
from  0.05  to  0.06  mm.  in  diameter,  are  surrounded  by  an  albuminous 
envelope  (Fig.  86  A)   and  are  quite  resistant  to  destructive  agencies. 
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A 

Fio.  86. — Eggs  or  Nematode  Worms. 
A ,  Eggs  of  Ascaris  lumbricoides,  X  about  300. 
B,  eggs  of  Oxyuris  vermicularis,  X  about  250. 

The  mode  of  development  and  life  history  of  these  parasites  are  not  very 
well  understood.  Their  usual  seat  in  man  is  the  small  intestine,  but  they 
may  wander  into  the  stomach,  and  exceptionally  get  into  the  mouth, 

nose,  bronchi,  gall-passages,  peritoneal  cavity,  etc.  They  may  be  single 
in  the  gut  or  present  in  great  numbers. 

Two  other  species  of  ascaris  have 
been  found  in  man.  A.  maritima 
was  found  in  the  vomit  of  a  child  in 

Greenland,  in  an  immature  condi- 
tion. A.  mystaXj  a  tolerably  com- 

mon form  in  cats  and  dogs,  has 
been  found  a  few  times  in  man. 
It  is  smaller  than  A.  lumbricoides. 

Oxyuris  vermicularis  (Thread- 
worm or  Pinworm). — This  species 

is  very  small;  the  female  has  a 
pointed  tail  and  is  about  1  cm. 
long.  The  posterior  end  of  the 
male,  which  is  about  4  mm.  long,  is 

blunt,  and  after  death  somewhat  curled  (Fig.  87).  The  eggs  (Fig.  8(5  B) 
are  produced  in  great  numbers,  are  oval,  and  about  0.052  mm.  long. 
This  parasite  is  very  common  in  children,  and  may  be  present  in  large 
numbers  in  the  colon.  This  worm  is  known  to  infest  only  the  human 
subject,  and  infection  doubtless  occurs  by  the  ingestion  of  the  eggs,  which 
are  widely  distributed  in  a  variety  of  ways  on  many  objects,  fruits,  etc. 

Strongylus  gigas. — This  is  a  slender  red  worm,  the  female  being 
sometimes  1  metre  long  and  over  1  cm.  in  diameter.  It  has  been  found 
several  times  in  the  pelvis  of  the  kidney  in  man.  It  is  more  common  in 
the  wolf,  fox,  horse,  seal,  and  some  other  animals. 

Strcngylus  longevaginatns. — The  female  is  about  2.5  cm.  long,  the 
male,  as  usual,  shorter.     It  is  of  a  yellowish-white 
color,  and  has  been  found  once  in  the  lung  of  a  boy  in 
Germany. 

Strongylus  snbtilis. — A  very  small  species  (female 
5.6-7  mm.  long)  has  been  described  by  Looss  as 
occurring  in  Egypt  in  the  human  intestine.  But  it  is 
believed  to  be  without  pathological  significance. 

Uncinaria  (Hookworm). — There  are  two  forms  of 
hookworm,  that  common  in  European  and  other 

countries,  Uncinaria  duodenalis  {Ankylostoma  due- 
denale)^  Stiles,  and  the  hookworm  of  the  New 
World,  Uncinaria  americana,  Stiles.  The  latter  worm 

is  from  7-11  mm.  long.  The  mouth  is  furnished  with 
a  chitinous  capsule  and  chitinous  claws  and  teeth.  It  is  found  especially 
in  the  small  intestine.  The  head  is  burrowed  into  the  mucous  mem- 

brane of  the  host  and  the  animal  is  nourished  bv  the  blood  which 

it  sucks.  P>chymoses  may  be  produced  at  the  point  of  attachment 
or  even  severe  haemorrhage.      The  worms  are   often  present  in  large 

A.        B. 
Fro.  87. — Oxyuris 

Vermicularis. 

A,  Female.     B,  Male. 
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numbers.  The  eggs  are  deposited  in  the  intestine  of  the  host,  escaping 
in  the  foeces.  These  may  develop  in  a  short  time  outside  the  body  and 
then  the  parasite  can  gain  access  to  the  host  either  through  the  skin  or 
by  the  mouth. 

Hookworm  disease,  uncinariasis,  is  widespread,  involving  in  this 
country  the  Southern  States  and  adjacent  islands  where  it  is  of  serious 

importance  on  account  of  anaemia,  gastro-enteritis,  haemorrhage,  and 
general  debility,  etc.,  which  often  mark  its  presence.  It  is  estimated 
that  in  some  districts  90  per  cent,  of  the  inhabitants  are  affected. 

By  proper  attention  to  sanitation  in  the  disposal  of  excreta,  the 
ravages  of  this  parasite  could  be  checked. 

Trichocephalus  dispar  (Whipworm). — The  males  and  females  are  of 
nearly  equal  size,  4  to  5  cm.  long.     A  little  less  than  one-half  of  the 
body  (the  posterior  portion)  is  about  1  mm. 

thick,  and  in  the  male  is  rolled  into  a  flat- 
tened   spiral,    but    in   the   female   is   but 

slightly  bent.     The  anterior  part  of  the 

body  is  very  slender  (Fig.  88)  and  is  em- 
bedded in   the  mucous  membrane  of  the 

host.     The  eggs  are  elongated,  oval-shaped,     Fio.  88.— trichocephalus  dispar. 

about  0.05  mm.  long  and  about  one-half  as      ̂ "'^  ***«  »^^  **^  ̂ ®  '"^'^  veneris, 
wide,  with  a  thick  brown  capsule.     This 
parasite  is  very  common  in  some  countries,  especially  in  France  and 
southern  Italy.  It  is  commonly  found  in  the  caecum,  usually  in  small, 

but  sometimes  in  very  large,  numbers.  It  is  generally  of  little  patho- 
logical significance,  commonly  producing  no  symptoms.  Its  develop- 
mental history  is  not  well  known. 

Trichina  spiralis. — The  female  of  this  common  parasite  is,  in  the 
mature  condition,  about  3  mm.  long,  the  male  from  1  to  1.5  mm.  long; 
they  are  filiform  in  shape  and  white  in  color.  The  young  are  born  in 

the  form  of  tiny  worms  about  0.01  mm.  in  length  and  somew'hat  similar 
to  the  adult  in  shape.  Infection  occurs  in  man  from  the  ingestion  of 
insufficiently  cooked  pork.  The  muscle  of  the  diseased  pig  contains 
the  embryos  of  the  parasite  in  an  encysted  condition.  In  the  stomach 
the  capsule  of  the  worm  is  dissolved  and  the  embryos  are  set  free.  They 
very  rapidly  mature,  increasing  in  size,  and  the  females  give  birth  in 
the  small  intestine  to  very  large  numbers  of  young.  It  is  estimated  that 
a  single  female  may  give  birth  to  from  1,300  to  1,500  young.  These 
find  their  way  through  the  mucous  membrane  and  wall  of  the  gut,  into 

various  parts  of  the  body.^ 
The  exact  course  which  they  take  in  getting  out  of  the  gut  is  not 

fully  established;  probably  they  traverse  the  tissues  in  different  ways. 
At  any  rate,  they  find  their  way  to  the  voluntary  striated  muscle  tissue, 
which  they  penetrate,  and  enter  the  muscle  fibres.  Here  they  cause  a 
disintegration  of  the  contractile  substance,  and  coil  themselves  inside 
of  the  sarcolemma.  In  this  situation  they  become  encapsulated  by 

material  in  part  furnished  by  themselves,  in  part  by  means  of  the  inflam- 
'  Herrick  and  Janeway  have  found  the  embryo  in  the  blood,  see  Arch.  Int.  Med.  iii.,  263,  1909. 

9 
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matory  reaction  which  their  presence  induces  in  the  connective  tissue  of 
the  muscle.  The  worms  are  surrounded  inside  the  capsule  by  granular 
material  (Fig.  89).  The  capsule  after  a  time  becomes  partially  calcified, 
and  in  this  condition  may  be  readily  seen  by  the  naked  eye  as  a  tiny  white 
speck.  In  this  encysted  state  they  may  remain  inactive  but  living  for 
an  indefinite,  often  for  a  very  long  time.  Most  frequently  the  cysts 
contain  but  one  embryo,  but  they  may  contain  from  two  to  four.  The 
embryo  may  die  and  its  remains  become  calcified. 

The  same  course  of  events  follows  when  the  muscle  trichiuEe  are  eaten 

by  the  pig  or  a  variety  of  other  animals. 

The  embryos  in  the  muscle  are  killed  by  a  temperature  of  55°  C.  and 
by  some  of  the  methods  of  curing  pork. 

The  embryos  may  mature  and  a  new  generation  be  born  within  from 
five  to  eight  clays  after  the  ingestion  of  the  diseased  meat. 

Fio.  88.— Tw CHIN* 

As  the  result  of  the  presence  of  these  parasites  in  the  body,  if  the 
invasion  be  severe,  nutrition  may  be  impaired  and  catarrhal  enteritis, 

broncho-pneumonia,  hyperplasia  of  the  mesenteric  lymph-nodes,  and 
fatty  degeneration  of  the  liver  may  occur.  Leucocytosis  with  a  great 

increase  in  the  number  of  eosinophile  cells  is  common.'  The  encapsu- 
lated embryos  may  be  found  in  enormous  numbers  in  various  voluntary 

  '—  "'  the  body,  but  they  are  most  apt  to  be  found,  when  not  very 
in  the  muscles  of  the  neck  and  larynx,  in  the  intercostals  and 
ragm.  They  tend  to  collect  toward  the  tendinous  extremities 
sclcs.     TrichiniP  also  occur  in  the  rat,  cat,  mouse,  and  other 

1  medine-'iis  (Guinea  worm). — This  is  a  thread-like  worm,  the 
ng  sometimes  as  much  as  80  cm.  long  and  from  0.5  to  1.7  mm. 
le  male,  which  is  rarely  found,  is  much  smaller,  measuring 
t  4  cm.  in  length.  It  is  common  in  the  East,  and  inhabits 

taneous  connective  tissue,  in  which  it  often  gives  rise  to  ab- 
d  ulcers.     Eosinophilia  is  commonly  present.     The  embryos 

■rt.  Am.  J,  Mc<l.  ScL.  Aug.,  1910. 



ANIMAL    PARASITES  131 

live  for  a  time  free  in  fresh  water,  and  are  taken  up  by  a  species  of 

fresh-water  crustacean,  in  whose  body  they  undergo  further  develop- 
ment, and  by  the  ingestion  of  which  the  infection  of  the  human  subject 

occurs. 

Filaria  sanguinis  hominis. — The  embryo  of  this  parasite,  which 
inhabits  the  blood  and  lymph  of  man,  especially  in  Brazil,  Egypt,  and 
some  parts  of  the  Orient,  and  occasionally  occurs  in  this  country,  is 
about  0.35  mm.  long,  rounded  anteriorly,  and  pointed  at  the  tail  (Fig. 
90) .  It  has  about  the  diameter  of  a  red  blood  cell.  It  occurs,  sometimes 
in  great  numbers,  in  the  blood  during  the  night  time,  being  as  a  rule 
absent  during  the  day.  It  may  occur  in  the  urine  in  connection  with 
chyluria  and  haematuria.  The  mature  female  is  from  8  to  10  cm.  long, 

and  has  been  found  inhabiting  the  lymph-vessels  of  man,  particularly 
in  the  scrotum  and  lower  extremities. 

Owing  to  the  obstructions  which  it 
causes  in  the  lymph  circulation,  and 

to  the  local  irritation  which  its  pres- 
ence induces,  it  sometimes  gives  rise 

to     lymphangiectasis,^    oedema,    ab-        p.^,  oo.-Fiuaria  sanguinis  hominis 
SCeSSeS,     and      perhaps     elephantiasis.  —Embryonic  Form  from  the  Blood. 
Eosinophilia  is  common.     One  of  the 
embryonic  stages  of  development  is  believed  to  take  place  in  the 
body  of  a  species  of  nocturnal  mosquito.  Through  the  bodies  of  the 

dead  mosquitoes,  which  are  liable  to  fall  into  the  drinking-water,  it  is 
believed  that  the  spread  of  the  parasite  may  occur. 

There  are  several  other  species  of  filaria  occasionally  found  in  man 

which  it  is  not  necessary  to  enumerate  here.* 
Rhabdonema  strongyloides. — A  small,  filiform  worm  from  1  to  2  mm. 

in  length  is  found,  often  in  enormous  numbers,  in  the  intestines,  biliary 
and  pancreatic  ducts  of  man  in  Cochin  China  and  in  Italy,  giving  rise 
to  endemic  diarrhoea.  It  has  been  thought  that  there  are  at  least  two 
species,  which  have  been  described  under  the  generic  name  Aguillula 
but  recent  researches  by  Leuckart  have  led  him  to  believe  them  to  be 
different  developmental  stages  of  the  same  form,  for  which  he  suggests 
the  above  name. 

Methods  of  Study  of  Worms. 

Filaria  sanguinis  may  be  preserved  by  preparing  a  smear  of  the  blood  containing 
it  on  a  slide  in  the  usual  way  (see  p.  316),  and  staining  with  methylene  blue. 

The  larger  parasites  may  be  hardened  in  formalin  and  studied  whole  after  dehydra- 
tion in  alcohol  and  clearing  in  oil  of  cedar  or  origanum.  Or  sections  may  be  made  after 

embedding,  and  stained  and  mounted  in  the  usual  way. 
The  examination  of  muscle  for  trichina  is  often  of  great  practical  importance.  For 

this  purpose  small  pieces  of  fresh  muscle  are  squeezed  into  a  thin  sheet  between  two 
slides,  and  examined  with  a  low  power.  A  considerable  number  of  bits  of  muscle 
should  be  examined,  particularly  from  the  above-mentioned  favorite  situations,  be- 

fore excluding  them  in  a  suspected  case,  because  they  are  sometimes  present  in  small 
numbers.     A  thorough  search  is  of  special  importance  in  the  examination  of  pork, 

*  For  a  study  of  filarial  lymphatic  varix  see  Opie,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  314. 
*  For  bibliography  consult  Lolhrop  and  Pratt,  Am.  Jour.  Med.  Sciences,  vol.  cxx.,  p.  525,  1900. 
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since,  owing  to  the  enormous  fertility  of  the  parasites,  even  a  moderate  number  may 
give  rise  to  a  severe  infection. 

For  the  minute  examination  of  the  parasite,  bits  of  muscle  should  be  hardened  in 

Orth's  fluid  and  alcohol,  decalcified  if  necessary,  and,  after  embedding  in  celloidin,  thin 
sections  cut  and  stained  double  with  luematoxylin  and  eosin,  and  mounted  in  balsam. 
Bits  of  muscle  may  be  also  teased,  the  embryos  picked  out  with  a  needle,  and  the  cyst* 
either  broken  open  under  a  lens  with  the  needle,  or  squeezed  under  the  cover-glass. 
The  embryo  worm  thus  set  free  may  be  mounted  in  a  mixture  of  equal  parts  of  glycerin 
and  saturated  aqueous  picric  acid.  The  adult  forms,  which  may  be  obtained  by  feed- 

ing rabbits  with  uncooked  trichinous  muscle,  and  examining  after  the  proper  interv-al, 
may  be  hardened  in  Orth's  fluid,  and  mounted  in  a  mixture  of  equal  parts  of  picric 
acid  and  glycerin,  or  in  the  same  mixture  which  has  been  lightly  tinged  with  eosin. 

Arthropoda. 

The  scope  of  this  work  does  not  permit  us  to  enter  in  detail  into  the 
subject  of  external  parasites,  which  will  be  found  described  in  treatises 
on  diseases  of  the  skin  or  in  the  general  works  on  parasites  referred  to 

below.  But,  owing  to  their  frequent  occurrence  and  practical  impor- 
tance, we  may  briefly  describe  two  of  the  more 

common  forms  of  arthropods,  the  "itch  insect" 
and  the  "louse." 

The  common  "itch  insect" — 
Sarcoptes    hominis     {A carus 

scabiei) — is   shaped   somewhat 
like  a  turtle,  with   a  chitinous 

covering,  and  presents  the  gen- 
eral appearance  seen  in  Fig.  91. 

The  female  is  about  0.45  mm. 

long,  the  male  a  little  smaller. 
The     parasite    bores    little 

tunnels  in  the  skin,  in  which 
the  eggs  are  laid  and  the  young 
hatched.      After    a    few   days 
these  bore  fresh  channels  in  the 

skin.     For  their  detection   a  bit  of  the  superficial  layer  of  the  skin 
is  snipped  out  with  curved  scissors,  dehydrated  and  cleared  up  with  oil 
of  cloves,  and  examined  under  a  low  power,  when  the  tunnels  and  the 
parasites,  if  present,  will  be  readily  visible. 

The  head  louse,  Fediculufi  capitis,  is  from  1  to  2  mm.  long,  the  female 
being  slightly  the  larger.  The  general  appearance  of  the  insect  is  seen 

in  Pig.  92.1 

Methods  of  Study  of  Insects. 

These,  if  small,  may  be  cleared  in  turpentine  and  mounted  in  balsam,  or  sections 
may  be  cut  after  embedding  in  paraffin. 

>  BibUography. — Especially  to  be  recommended  for  detuiled  description  of  human  and  animal 
panwites  ia  the  small  work  of  Brumpt,  "Precis  de  Parasitologie,"  Paris,  1910. 

Consult  also,  especially  for  the  forma  of  eggs  and  other  parts  of  animal  parasites  which  may  b« 
found  in  the  excreta,  vonJaksch,  Wood,  or  Simon,  or  other  works  on  clinical  microscopy. 

The  Reports  of  the  Bureau  of  Animal  Industry  of  the  V.  S.  Deoartment  of  Auriculture  contain 
many  valuable  data  rolatinR  to  nnimul  panisites  and  the  dise;ises  of  animnh  in  the  United  States. 

See  for  a  general  study  of  the  effects  of  parasites  on  their  host.  Ward,  Science,  vol.  xxv.,  201,  K07. 

Fi;?.   91.  — Sarcoptes  Hom- 
ing—the   "Itch  iNsarr." 

Fejaale;   back   view.     After 
Furstenberg. 

Fio.  92. — Pedictlcb 

Capitis — the  "Head 

Louss." 

Male.     After  Braun. 



CHAPTER  VII 

PLANT  PARASITES. 

The  plant  parasites  of  man  belong  among  the  simplest  of  living 
organisms.  Three  distinct  groups  are  of  frequent  occurrence  in  or  upon 
the  body.     These  are: 

1.  Bacteria y  or  fission  fungi  (Schizomycetes). 
2.  Yeasts f  or  yeast  fungi,  or  sprouting  fungi  (Blastomycetes). 
3.  Moulds y  or  mould  fungi  (Hyphomycetes). 
The  first  group,  the  bacteria,  is  of  the  greatest  significance,  because 

it  contains  organisms  which  are  very  frequently  the  excitants  of  serious 
disease. 

The  scope  of  this  work  does  not  permit  more  than  a  brief  outline  of 
the  rapidly  increasing  knowledge  of  the  forms,  nature,  and  performances 
of  the  bacteria.     For  details  we  refer  to  special  treatises  on  bacteriology,  i 

I.  Bacteria. 

MORPHOLOGY,  PHYSIOLOGY,  AND  DISTRIBUTION. 

Bacteria  are  minute  unicellular  plants  devoid  of  chlorophyll,  multi- 
plying by  transverse  division  and  in  some  cases  preserving  the  species 

by  the  formation  of  spores. 
The  colorless,  sometimes  granular  protoplasm  is  enclosed  by  a  mem- 

brane, and  some  forms  are  surrounded  by  a  transparent  capsule.     Not 

Fig.  93. — Bacteria  with  Flagella.  Fig.  94. — Typical  Forms  op  Bacteria. 
Cocci,  Bacilli,  and  Spirilla. 

infrequently  parts  of  the  protoplasm  appear  less  dense  than  the  rest, 
as  if  from  vacuolation,  and  a  few  observers  have  claimed  to  demonstrate 
in  certain  forms  a  nuclear  substance. 

Many  of  the  bacteria,  especially  bacilli  and  spirilla,  less  frequently 
the  cocci,  have  hair-like  processes  called  flagella  which  are  apparently 
organs  of  locomotion  (Fig.  93).     These  may  be  single  or  in  tufts;  may  be 

1  Hiss  and  Zinsser,  "Text-book  of  Bacteriology,"  1910;  PaTk  and  Williams,  "Pathogenic  Bacteria 
and  Protozoa,  1910. 133 
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at  one  or  both  ends  or  over  the  general  surface.  Their  number  and 
distribution  seem  sometimes  to  be  characteristic  of  special  forms.  (See 
Motility  below.) 

Forms  of  Bacteria. — The  various  forms  of  bacteria  may  be  grouped 
into  three  classes  (Fig.  94) . 

1.  Spheroidal  bacteria, — Cocci  or  micrococci  (singular,  coccus/ micro- 
coccus). 

2.  Rod-like  bacteria. — Bacilli  (singular,  bacillus). 
3.  Spiral  bacteria. — Spirilla  (singular,  spirillum). 
All  straight  bacteria  which  have  one  axis  longer  than  the  other  are 

called  bacilli,  even  though  the  form  is  oval  rather  than  rod-like.  The 
ends  of  bacilli  may  be  square  or  rounded,  and  in  stained  preparations,  in 
some  cases,  concave. 

While  the  cocci  elongate  a  little  in  preparation  for  fission  and  in  this 
condition  present  a  slight  irregularity  in  the  length  of  their  axes,  and  thus 
resemble  bacilli,  the  complete  observation  of  their  life  cycle  rarely  permits 

error  in  the  determination  of  the  primary  group  to  which  a  given  micro- 
organism belongs. 

Variations  in  Form  and  Size. — Some  bacteria  present  slight  modifica- 
tions of  the  fundamental  form  in  certain  phases  of  their  growth  and  under 

various  chemical  and  physical  conditions.  Thus  some  of  the  cocci  after 

division  are  slightly  flattened  on  their  contiguous  sides — biscuit-shaped; 
certain  bacilli  may  bulge  slightly  in  the  middle — Clostridium  forms;  others 
may  be  larger  at  one  end  than  at  the  other — racket-shaped;  bacilli  from 
the  same  culture  may  present  considerable  irregularities  in  breadth  and 

especially  in  length.      The  morphology  may 

^     ̂ f  ^        differ  somewhat  under  different  growth  con- 
^        ̂         W        ditions.     But  these  slight  variations  in  form 

^  rarely  give  rise  to  serious  difficulty  in  classifi- 

^      ̂   ̂   cation. 
^  w  Finally,   when  bacteria  are  placed  under 

conditions  unfavorable  for  the  maintenance 

Fio.  95.— Bacteria  WITH  Cap-      of   their   life   proccsscs,  and   whcu   they  are 
Hi'LEs.    (Pneumococcua.)  dead,  they  are  often  irregularly  swollen  and 

contorted  or  may  undergo  partial  disintegra- 
tion, giving  rise  to  what  are  known  as  '^  involution  forms.'' 

While  all  bacteria  are  minute^  there  is  among  them  considerable 
diversity  in  size,  some  being  many  times  larger  than  others.* 

Certain  bacteria,  those  of  the  diphtheria  group  for  example,  contain 
deeply  staining  bodies  called  metachromatic  granules  the  nature  of  which 
is  as  yet  undetermined. 

Reproduction  of  Bacteria. — When  the  bacteria  are  about  to  multiply 
by   fission  they   elongate,  a  dividing  septum  forms,  they  become  con- 

1  Pronounced  kok'-tis,  plural  kok'-si.  The  term  micro-organism  includes  all  of  these  forms  of  minute 
and  lowly  plants.     They  are  sometimes  spoken  of  collectively  as  germs  or  microbes. 

-  Some  forms,  those  for  example  inducing  the  pleuro-pneumonia  of  cattle,  are  beyond  the  present 
resolving  power  of  the  microscope— ultramicroscopic. 

'For  convenience  of  expression  microscopwts  have  agreed  to  let  the  letter  n  stand  for  the  word 
mirromillimetre,  which  is  one-thousandth  part  of  a  millimetre.  This  unit  of  measure,  equal  to  about 
one- twenty -five  thousandth  of  an  inch,  is  often  called  a  micron. 
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stricted  at  a  right  angle  to  the  axis  elongation,  and  finally  two  inde- 
pendent organisms  are   produced.     The  multiplication  of  bacteria  by 

fission  may,  when  the  conditions  are  favorable,  occur  so  rapidly^  as  to 
give  rise  within  a  few  hours  to  an  enormous  number  of  new  individuals. 

Aggregations  of  Bacteria. — 

3 

V^ 
Fig.  96. — Growth  Aggrbgatbs  op  Bactbria. 

1,  Diplococcus;  2,  streptococcus:  3,  meris- 
mopedia:  4,  diplobacillus;  5,  streptobacilli;  6, 
curved  bacteria  forming  chains. 

In  many  cases,  the  new  individuals 
thus  developed  fall  apart  in  a  form 
identical  with  that  of  the  parent 
cell.     In  some  species,  on  the  other 

hand,  the  new-formed  individuals 
are  prone    to   cling   together   with 
greater  or  less  tenacity,  thus  giving 
rise  to  growth  aggregates  which  are 
more  or  less  characteristic  (Fig.  96) . 
Thus   among    the  cocci  there  are 
those  in  which  a  large  part  of  the 
new  individuals  cling  together  in 

pairs.    These  forms  are  called  diplo- 
cocci.     In   others   the  pairs    cling 
together   in   longer  aggregates   or 
chains.    Such  are  called  streptococci. 

A    similar    occurrence    in    the 

bacilli  gives  rise  to  diplobacilli  and  streptobacilli.     Some  of  the  spiral  forms 
are  due  to  the  close  junction  end  to  end  of  oppositely  curved  segments. 

Certain  cocci  divide  in  two  directions  at  right  angles  to  each  other, 
giving  rise  to  four  cocci  clinging  together  and  lying  in  the  same  plane. 
These  are  called  tetrads  or  merismopedia. 

Finally  cocci  may  divide  along  three  planes  at  right  angles  to  each 
other,  giving  rise  to  cuboidal  packets  of  eight  germs  or  some  multiple  of 

this — such  growth  groups  are  called  sarcina^  (Fig.  97) . 
Higher  Bacteria. — There  is  a  family  of  fila- 

mentous or  branching  organisms  which  are  often 
spoken  of  as  polymorphous  or  higher  bacteria,  some 
of  which  may  indeed  be  links  between  the  bacteria 
and  higher  plant  forms.  Filamentous  bacteria  are 
more  or  less  distinctly  segmented,  and  the  segments 
may  be  enclosed  in  a  common  sheath.  The  modes 

of  reproduction  and  a  certain  specialization  of  func- 
tion of  different  parts  of  the  filaments  which  is 

frequently  present  indicate  affiliations  with  higher 
forms.     By  this  specialization  of  function  is  meant  the  attachment  of  the 

threads  at  one  end  to  the  substance  on  w^hich  they  grow,  and  the  forma- 
tion at  the  free  ends  of  structures  which  appear  to  be  concerned  in  the 

reproduction.     Several  groups  of  these  organisms  have  been  named,  but 

I  a.  Fischer  has  estimated  that  the  cholera  spirillum  may  unden^o  complete  fission  at  intervals  of 
about  twenty  minutes  ao  that  a  single  organism  might  give  rise  under  favorable  conditions,  could  these 
be  secured,  to  1600  trillions  in  twenty-four  hours. 

'  Bacteria  in  masses  embedded  in  and  held  together  by  a  more  or  less  abundant  homogeneous 
material  which  they  elaborate  are  called  tooglaa. 

Fio.  97. — Sarcina. 
Showing  growth  aggregates 

in  cuboidal  masses. 
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few  of  them  have  as  yet  been  adequately  studied.  The  groups  strepto- 
thriXj  cladothriXj  crenothrix^  leptothrix  may  be  named.  Among  these  the 
streptothrix  (nocardia)  is  of  the  most  significance  here,  since  pathogenic 

forms  are  known. ^  The  Streptothrix  actinomyceSj  and  closely  related 
species,  and  the  lesions  which  they  induce,  will  be  described  later. 
There  are  many  reasons  for  the  belief  that  the  forms  called  streptothrix 
and  actinomyces  are  more  closely  related  to  the  moulds  than  to  the 
bacteria,  but  the  scope  of  this  work  does  not  permit  the  discussion  of  the 
subject,  particularly  difficult  as  it  is  on  account  of  the  confusion  of  terms 
and  the  lack  of  sufficient  knowledge  of  the  life  history  of  the  organisms 
involved  (see  Actinomyces,  p.  231). 

Variations  in  Forms. — Their  apparently  simple  structure  and  the 
lowly  position  which  bacteria  occupy  in  the  scale  of  living  things  have 
given  rise  to  the  conjecture  that  marked  changes  in  form  within  the 
limits  of  the  primary  groups,  or  even  changes  from  one  primary  group 
to  another,  may  be  brought  about  by  alterations  in  environment,  food, 
etc.  In  the  early  days  of  the  exact  study  of  bacteria  this  belief  in 
pleomorphism  in  bacteria  found  ready  currency.  But  the  more  exact 
study  of  separate  forms,  which  the  new  technique  has  made  possible, 
has  led  to  the  general  acceptance  of  the  view  that  variations  do  not  occur 
except  within  comparatively  narrow  limits,  and  that  what  we  are 
accustomed  to  call  species  of  bacteria  maintain  their  morphological 

characteristics  with  tenacity  under  the  most  varied  changes  in  environ- 
ment, even  though  these  persist  through  the  countless  generations  which 

may  pass  within  the  limits  of  a  single  experiment.  The  physiological 
characters  of  bacteria  are,  as  we  shall  presently  see,  subject  to  wide  and 

significant  variation,  but,  so  far  as  we  can  now  see, 
monomorphism  widely,  if  not  exclusively,  prevails. 

Spores. — Under  a  variety  of  conditions,  the  limi- 
tations of  which  are  not  very  well  understood,  new 

bacteria  are  produced,  and  the  species  is  perpetu- 
ated, not  by  simple  division,  but  by  the  develop- 

^'°*  ̂^in^^sp*ore8.  ̂ ^^^      ment  of  spores.     The  most  common  mode  of  spore 
The  bodies  of  the  bacilli     formation  is  Called  endogenous.     A  small,  shining 

tne  blli^rthe^'ipo^^^^^^     ̂ ^^^  makcs  its  appearance  within  the  protoplasm fuchsin.  from  which  it  is  formed,  grows  more  and  more  dis- 
tinct, and  finally  appears  as  a  sharply  defined 

spheroidal  or  oval,  strongly  refractile  colorless  body  surrounded  by  a 
limiting  membrane  (Fig.  98),  which  can  be  separately  stained  and  may 
remain  within  a  cell  membrane  or  may  free  itself  by  degeneration  of 
the  latter.  Endogenous  spore  formation  is  common  in  bacilli,  rare  in 
spirilla  and  in  cocci.  The  spores  appear  to  be  surrounded  by  a  dense 
envelope,  and  are,  as  a  rule,  much  more  resistant  to  deleterious  agencies, 
such  as  heat,  drying,  chemicals,  etc.,  than  are  the  vegetative  forms  of 
the  bacteria  themselves. 

Spores,  when  placed  under  favorable  conditions  in  the  presence  of 

^  Some  organisms  commonly  called  bacilli — tubercle  bacillus  for  example — may  belong  in  this 
group. 
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moisture  and  nutriment,  swell,  become*  less  refractile,  and  develop  into 
the  usual  vegetative  form.  The  actual  observation  of  this  transformation 
is,  in  doubtful  cases,  the  only  absolute  guarantee  of  the  spore  nature  of 
these  bodies,  though  staining  methods  are  useful.  Another  method  of 

sporulation — arthrogenous — has  been  described,  but  its  nature  is  not  well 
understood. 

Motility. — Some  bacteria  are  capable  of  performing  rapid  movements, 
others  are  not;  and  the  same  form  may  be  at  one  time  motile  and  at 
another  immotile,  depending  upon  external  conditions.  Movement  is 

largely  confined  to  the  rod-like  and  spiral  forms,  but  has  been  observed 
in  the  spheroidal. 

It  has  been  shown  that  certain  of  the  motile  bacteria,  w^hen  sus- 
pended in  fluids,  are  attracted  toward,  or  repelled  from,  dissolved  chem- 

ical substances.  This  is  called  chemotaxis  (see  p.  85),  and  it  is  termed 
positive  or  negative  according  as  the  organisms  arc  attracted  or  repelled. 

Conditions  of  Life,  Growth,  and  Mtiltiplication. — The  bacteria  require 
for  their  nutrition  carbon,  hydrogen,  oxygen,  and  nitrogen,  and  certain 
mineral  salts.  These  they  can  obtain  from  proteids  and  carbohydrates. 
Free  oxygen  is  necessary  for  the  growth  and  activities  of  some  forms  of 
bacteria  and  not  for  others. 

Nitrogen  may  be  obtained  by  some  bacteria  from  inorganic  salts  of 
ammonia,  from  nitrites  and  nitrates.  Bacteria  grow  best  as  a  rule  in  an 
organic  food  medium,  especially  soluble  albuminous  material  which  is 
neutral  or  slightly  alkaline.  Most  of  these  materials  are  rendered  avail- 

able as  food  by  the  action  of  enzymes — inverting,  sugar-splitting,  proteo- 
lytic, etc.,  often  given  off  by  the  organisms  and  acting  upon  the  albu- 

minous materials. 

Those  bacteria  which  require  free  oxygen  are  called  aerobic.  Those 
which  do  not  grow  in  its  presence  are  called  anaerobic.  But  between 
these  extremes  there  are  forms  which  make  shift  to  grow  without  oxygen 
under  favorable  conditions,  though  they  make  use  of  it  when  present; 
others  grow  in  its  presence,  though  flourishing  best  in  its  absence:  these 
are  called  facultative  aerobes  or  facultative  anaerobes,  in  distinction  from 
those  first  mentioned,  which  we  call  obligate  aerobes  or  anaerobes. 

Bacteria  are  active  only  in  the  presence  of  moisture.  When  this  and 
other  conditions  favoring  their  activity  fail  they  do  not  necessarily  die, 

but  some  forms  may  remain,  either  as  spores  or  as  fully  developed  organ- 
isms, for  long  periods  dry  and  inert,  but  capable  of  resuming  their  ac- 
tivity whenever  they  are  again  restored  to  favorable  conditions. 

Effects  of  Temperature,  Light,  etc. — Some  bacteria  are  and  some  are 
not  very  sensitive  to  changes  of  temperature.  At  a  temperature  below 

+  5°  C.  they  are  incapable  of  marked  activity  or  proliferation.  At  -h  7°  C. 
a  slow  growth  has  been  observed  in  various  species.  Many  forms  may 
remain  alive  for  long  periods  frozen  in  ice,  while  some  are  not  killed  by  a 

temperature  of  —250°  C.  As  the  temperature  is  raised  their  activities 
increase  up  to  a  certain  point.  It  may  be  said  in  general  that  they  are 
most  active  at  about  the  temperature  of  the  body,  although  species  differ 
considerably  in  this  respect.     In  fluids  many  bacteria  are  killed  by  a 
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prolonged  exposure  to  a  temperature  of  from  50°  to  70°  C.  or  even  less. 
On  the  other  hand,  certain  species  grow  at  a  temperature  of  from  60°  to 
75°  C.  Such  are  called  thermophilic  bacteria.  When  dry  they  resist 
much  higher  temperatures  than  when  moist.  All  known  bacteria,  save 

a  few  very  invulnerable  spore-forming  species,  are  killed  by  a  short  ex- 

posure in  the  presence  of  moisture  to  a  temperature  of  100°  C.  The 
spores  are,  as  a  rule,  more  resistant  to  high  temperatures  than  the  bacte- 

ria themselves,  some  having  been  exposed,  dry,  to  a  temperature  of  140°  G. 
without  destruction  of  life.  Fluids  containing  the  spores  of  bacteria 
which  resist  very  high  temperatures  may  be  sterilized  by  boiling  for  a 
short  time,  then  being  allowed  to  stand  at  ordinary  temperatures  for 
several  hours,  and  then  again  boiling;  this  process  being  repeated  several 
times.  In  this  way,  although  the  spores  themselves  are  not  killed  by  the 
heat,  the  bacteria  into  which,  if  the  conditions  be  favorable,  they  develop 
during  the  intervals  are  killed,  so  that  finally  the  medium  is  entirely  freed 
from  both  living  spores  and  adult  bacteria.  Strong  light  is  in  general 
inimical  to  the  life  and  growth  of  bacteria,  and  by  direct  sunlight  many 

forms  are  readily  killed.  Various  forms  of  electricity,  rapid  and  contin- 
ued vibration,  the  action  of  radium,  etc.,  may  kill  bacteria. 

Germicides. — Certain  chemical  agents,  when  brought  into  contact 
with  bacteria,  greatly  reduce  their  activities  or  destroy  their  life  alto- 

gether; but  different  species  differ  greatly  in  their  capacity  of  resistance 

to  these  agents.  The  spores  of  certain  bacteria  are  exceedingly  re- 
sistant, much  more  so  than  the  bacteria  themselves,  to  the  action  of 

disinfecting  agents.  Among  the  chemical  substances  commonly  used 

as  disinfectants  may  be  mentioned  formalin,  carbolic  acid,  and  espe- 
cially solutions  of  corrosive  sublimate,  which  is  very  inimical  to  the  life 

of  most  bacteria  and  their  spores,  even  in  extremely  dilute  solutions. 

Metabolism  of  Bacteria. — The  metabolism  of  bacteria  may  be  destruc- 
tive or  constructive.  Their  destructive  or  catabolic  activities  find  expres- 

sion in  the  fermentation  of  carbohydrates  and  in  the  cleavage  of  pro- 
teids  and  fats.  Their  constructive  or  anabolic  activities  are  exemplified 
by  their  building  up  of  nitrogenous  compounds  in  the  soil.  We  cannot 
here  enter  into  the  details  of  these  processes,  which  must  be  sought  in 
special  treatises. 

But  it  may  be  said  in  brief  that  a  large  number  of  complex  chemical 
substances  are  elaborated  during  the  growth  of  bacteria,  their  nature 
varying  with  the  species  of  bacteria  and  the  composition  of  their  nutrient 
material.  Some  of  the  chemical  compounds  set  free  by  the  growing 

bacteria  are  bad-smelling  or  aromatic ;  some  are  inert  and  harmless  sub- 
stances; some  are  powerful  poisons,  and  may,  when  they  have  accumu- 

lated in  the  fluids  where  they  grow,  inhibit  activity  and  growth  or  even 
destroy  the  bacteria  which  have  produced  them. 

Fermentations  and  putrefactions  are  due  to  the  activities  of  micro- 
organisms, some  to  bacteria,  some  to  yeasts,  some  to  moulds.  Putrefac- 

tion is  a  form  of  fermentation  in  which  nitrogenous  compounds  are  de- 
composed by  micro-organisms  setting  free,  especially  in  the  absence  of 

oxygen,  bad-smelling  substances. 
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Bacteria  which  induce  fermentation  are  called  zymogenic — and  each 
species  induces  fermentation  of  a  particular  character  in  the  presence  of 
a  special  substance,  as  glucose,  or  members  of  a  certain  class  of  substances 
such  as  carbohydrates.  Some  of  these  fermentations  are  important  in 
the  arts;  some  are  concerned  in  the  changes  which  food  products  undergo 

under  natural  or  artificial  conditions,  such  as  the  development  of  kou- 
myss  from  milk  and  the  common  butyric,  lactic,  alcoholic,  and  other 
fermentations. 

The  chemical  changes  which  are  induced  by  micro-organisms  in  the 
process  of  fermentation  are  extremely  complex  and  little  understood. 

Bacteria  may  develop,  in  their  metabolic  activities,  soluble  ferments 
or  enzymes  of  various  kinds  resembling  diastase,  pepsin,  trypsin,  rennet, 
etc.  These  may  remain  in  the  bacterial  cell  or  may  be  diffused  into  the 
surrounding  media.  It  is  through  these  enzymes  that  the  fermentations 
and  proteid  cleavages  so  characteristic  of  many  phases  of  bacterial 
metabolism  are  carried  on. 

Many  bacteria  form  pigments  as  they  grow  {chromogenic  bacteria). 
This  pigment  may  be  developed  in  or  upon  the  germs  themselves  or  may 
be  diffused  through  the  surrounding  media  and  may  be  developed  only 

in  the  presence  of  light,  oxygen,  etc.  Gas-producing  bacteria  are  called 
aerogenic.  Certain  species  when  growing  in  masses  emit  a  phosphor- 

escent light — photogenic  bacteria. 

Bacterial  Poisons. 

Ptomains. — Certain  basic  chemical  compounds  resembling  the  vege- 
table alkaloids  and  which  are  formed  by  the  action  of  bacteria  upon 

various  kinds  of  organic  matter  are  called  ptomains,^  Some  of  the 
ptomains  resulting  from  the  breaking  up  of  the  protein  molecule  by  bac- 

teria in  decomposing  meat,  fish,  etc.,  are  poisonous,  though  not  appar- 
ently of  as  much  importance  as  was  believed  in  the  earlier  days  of 

bacteriology.  But  ptomains  should  be  clearly  distinguished  from  the 
true  toxins  now^  to  be  considered. 

Toxins. — True  bacterial  toxins  are  poisonous  substances  produced  by 
bacteria  whose  exact  chemical  structure  is  as  yet  unknown.  They  seem 
to  be  analogous  in  nature  to  enzymes  and  may  be  given  off  in  artificial 
culture,  as  in  the  infective  processes,  during  the  metabolic  activities 

of  bacteria,  like  secretory  or  excretory  products.  The  poisonous  sub- 
stances elaborated  in  the  growth  of  the  diphtheria  and  the  tetanus  bacilli 

are  typical  toxins.  These  toxins  are  especially  characterized  by  their 
capacity  to  stimulate  the  body-cells,  when  the  latter  are  called  upon  to 
adapt  themselves  to  their  presence,  to  the  formation  of  antibodies  (see 
page  165). 

Endotoxins. — On  the  other  hand  certain  bacteria  which  develop  toxic 
substances  do  not  set  these  free  as  they  are  formed  but  store  them  in  or 
build  them  into  the  structure  of  their  bodies  whence  they  are  freed 

only  after  the  death  or  disintegration  of  the  bacterial  cell  through  autoly- 

1  Leticomains  are  basic  products  produced  in  the  tissues  of  living  animals  by  cell  metabolism. 
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sis  or  some  external  agency.  Such  toxic  substances  stored  in  the  texture 
of  the  bacteria  are  called  endotoxins  and  they  do  not  appear  directly  to 
stimulate  the  organism  to  the  formation  of  antibodies. 

It  may  be  doubted  whether  the  fuller  knowledge  of  the  future  will 
justify  so  sharp  a  distinction  between  bacterial  toxins  and  endotoxins 
as  is  at  the  moment  usually  made. 

But  the  distinction  is  useful  at  present  and  of  greatest  significance  in 
forming  our  conceptions  of  the  nature  and  phases  of  immunity. 

The  important  thing  to  remember  in  this  connection  is  that  it  is 
through  the  action  of  these  toxins,  whether  soluble  and  eliminated  during 
the  life  and  functional  activities  of  the  bacteria  or  stored  up  in  their 
bodies  to  be  set  free  only  upon  their  disruption,  that  the  most  striking 
damage  is  wrought  in  the  organisms  when  body-cell  and  bacterial  cell 
strive  to  adapt  themselves  to  one  another  in  the  processes  of  infection 
which  we  are  presently  to  study. 

It  is  probable  that  there  is  still  another  group  of  toxic  substances 
derived  not  directly  from  the  bacteria  but  from  the  action  of  certain 
products  of  bacterial  metabolism  upon  body  proteids,  so  that  it  may  be 
through  these  secondary  toxic  albumoses  that  some  of  the  serious  mani- 

festations of  infection  and  intoxication  are  induced. 

The  R81e  of  Bacteria  in  Nature. — The  bacteria  play  a  very  important 
r6le  in  nature  in  virtue  of  their  power  of  feeding  upon  and  decomposing 
dead  organic  material.  A  part  of  the  new  chemical  compounds  which 
are  thus  formed  may  be  used  by  the  bacteria  for  the  purposes  of  their  own 
nutrition  and  growth,  while  the  rest  are  set  free  to  serve,  sooner  or  later, 
as  food  for  other  forms  of  plants  or  animals.  In  the  decompositions 
which  are  brought  about  in  nature  by  the  bacteria  those  compounds  of 

nitrogen  and  carbon  dioxide  are  set  free  which  are  essential  for  the  nutri- 
tion of  the  higher  plants. 

Without  the  activities  of  bacteria,  life  could  not  be  long  maintained 

upon  the  earth,  since  the  necessary  carbon,  hydrogen,  oxygen,  and  nitro- 
gen would  soon  be  permanently  locked  up  in  unavailable  form  in  organ- 
ized material.  Through  the  action  of  the  various  nitrifying  bacteria  in 

the  soil,  ammonia  is  decomposed  with  the  formation  of  water  and  nitrous 
acid;  nitrous  is  converted  into  nitric  acid.  The  so-called  denitrifying 
bacteria  reduce  nitrates  to  ammonia  and  to  nitrites.  In  these  ways, 
among  others,  water  percolating  through  the  soil  may  be  freed  from 
objectionable  organic  compounds.  There  are  certain  soil  bacteria  which 
aid  special  groups  of  plants  to  fix  nitrogen  from  the  surrounding  media 
and  make  it  available  for  the  uses  of  the  plant. 

Distribution  of  Bacteria. — Bacteria  are  widely  distributed  in  the  air, 
in.  water,  and  in  the  superficial  layers  of  the  soil,  where  they  may  be  pres- 

ent in  enormous  numbers.  They  are  especially  abundant  among  the 
habitations  of  man,  or  wherever  under  favorable  conditions  of  moisture 
and  temperature  animal  or  vegetable  substances  are  undergoing  decay. 
They  cling  tenaciously  to  moist  surfaces,  but  when  dried,  and  especially 
when  dried  upon  comminuted  material,  they  may  float  in  the  air  as  dust. 

In  quiet  air  they  gradually  settle  with  other  forms  of  dust  on  to  horizon- 
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tal  surfaces,  and  thus  in  closed,  still  rooms  the  bacteria-laden  air  may  in  a 
few  hours  almost  wholly  free  itself  of  its  living  contaminations  by  a  proc- 

ess analogous  to  sedimentation  in  water. 
This  wide-spread  transportation  of  bacteria  as  dust  by  moving  air,  and 

the  spontaneous  cleansing  of  the  latter  by  the  settlement  of  the  germs, 

are  important  factors  in  the  sanitary  problems  which  the  complex  con- 
ditions of  modern  life  present. 

While  bacteria  may  live  for  long  periods  in  the  dried  state  in  dust 
they  do  not  in  this  condition  multiply.  But  the  upper  three  or  four  feet 
of  the  soil  forms  the  great  abiding,  and  when  moist,  the  breeding  place 
of  the  myriads  of  germs  which  are  concerned  in  the  salutary  work  of 
food  preparation  for  higher  plants.  Large  numbers  of  mould  spores  are 
frequently  mingled  with  the  bacteria  in  dust  and  soil. 

Surface  waters  almost  always  contain  bacteria,  which  may  have  en- 
tered by  aerial  dust  or  from  the  wash  of  adjacent  soil  or  from  direct 

human  or  animal  contamination.  Many  bacteria  find  in  water  favorable 
conditions  of  life  and  flourish  on  what  to  other  forms  would  be  but  scanty 

nutriment.  Many  pathogenic  bacteria  may  remain  alive  for  consider- 
able periods  in  water,  but  they  do  not  usually  thrive  there. 

The  water  which  in  mkny  places  lies  in  hollows  of  the  rocks,  bathing 
the  deeper  layers  of  the  soil  or  gathered  in  caverns  and  recesses  beneath, 
is  called  ground  water.  This  under  favorable  conditions  is  almost  wholly 
free  from  micro-organisms;  these,  through  the  complex  processes  of  filtra- 

tion, germ  metabolism,  etc.,  which  go  on  in  the  upper  soil  layers,  having, 

together  with  inorganic  contaminations,  been  largely  retained  or  trans- 
formed as  the  surface  water  has  slowly  sought  the  lower  levels. 

The  Relationship  of  Bacteria  to  Other  Living  Beings. — So  far  as  we 
know,  with  few  exceptions,  the  bacteria  whose  natural  habitat  is  the  soil 
or  air  or  water  are  not,  under  usual  conditions,  harmful  to  man.  On  the 
other  hand,  it  is  germs  from  the  bodies  of  men  or  animals  who  are  the 
victims  of  infectious  disease,  gaining  access  in  one  way  or  another  to 
these  great  reservoirs  and  sources  of  distribution,  which  occasionally 
render  the  bacterial  flora  of  soil  and  air  and  water  of  direct  personal 
significance  to  man. 

It  will  be  seen  from  what  has  been  said  about  bacteria  and  their 

various  modes  of  life  that  some  live  in  or  upon  and  at  the  expense  of 

other  living  beings — the  hosts — these  are  parasites.  Others  which  live 
and  grow  apart  from  a  living  host  are  called  saprophytes.  In  either  class 
there  are  forms  which,  through  the  capacity  of  adapting  themselves  to 

their  environment,  can  maintain  at  one  time  a  parasitic,  at  another  a  sap- 
rophytic life.  Such  germs  are  called,  respectively,  facultative  parasites 

or  facultative  saprophytes.  Those,  on  the  other  hand,  whose  life  is  strictly 
limited  to  the  parasitic  or  saprophytic  condition  are  called  obligatory 
parasites  or  saprophytes. 

Not  all  the  bacteria  which  live  in  or  upon  the  bodies  of  men  and 
animals  are  in  the  stricter  sense  parasites.  The  terms  messviates  and 
commensals  have  been  applied  to  such  organisms  as  simply  live  with,  but 
do  not  necessarily  derive  nutriment  from,  the  host. 
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In  some  cases  parasitic  life  on  the  part  of  the  micro-organism  may 
contribute  to  the  welfare  of  the  host.  This  is  the  case  in  some  bacteria 

which  live  upon  the  roots  of  certain  leguminous  plants,  and  to  whose 

nutrition  they  contribute"  by  rendering  atmospheric  nitrogen  directly 
available  for  the  host.     This  condition  of  life  is  called  symbiosis. 

Species  and  Varieties. — As  has  already  been  indicated,  the  morpho- 
logical characters  of  bacteria  are  so  little  subject  to  permanent  variation 

under  the  widest  diversity  in  the  conditions  to  which  they  are  subject 
that  we  are  justified  in  the  belief  in  fixed  species.  But  so  susceptible  to 
external  conditions  are  the  functional  activities  of  many  species  that  not 
only  is  the  occurrence  of  what  may  be  called  varieties  within  specific 
limits  frequent  under  natural  conditions,  but  more  or  less  permanent 
variations  may  be  experimentally  produced. 

Modifications  of  Functional  Characters. — Almost  all  of  the  functional 
activities  of  bacteria  upon  which  we  rely  as  descriptive  characters  may  be 

experimentally  altered;  thus  the  color-producing  capacity  may  be  dimin- 
ished, the  peptonizing  and  fermentative  activities  lowered,  the  patho- 

genic powers  reduced  or  exalted,  and  even  the  capacity  for  spore  forma- 
tion may  be  abolished. 

These  more  or  less  permanent  modifications  of  function  in  bacteria 

may  be  induced  by  artificial  cultivation  under  adverse  conditions  of  tem- 
perature and  nutrition,  by  the  presence  of  deleterious  chemical  agents, 

antiseptics,  etc.,  or  by  association  with  the  body-cells  and  juices  in  sus- 
ceptible or  insusceptible  animals. 

CLASSIFICATION  OF  BACTERIA. 

The  beginning  of  the  systematic  study  of  bacteria  by  exact  and  re- 
liable methods  is  of  such  recent  date,  they  are  so  minute,  and  our  present 

optical  apparatus  reveals  so  few  differential  morphological  characters, 
and  so  few,  withal,  of  the  many  existing  forms  have  as  yet  been  studied 
that  a  satisfactory  classification  or  nomenclature  of  the  bacteria  is  not  yet 

possible. 
Outside  of  the  limit  of  the  primary  classes  above  described  and  based 

upon  the  form,  position  of  flagella,  and  motility,  we  are  obliged  to  use  for 
the  purposes  of  identification  and  description  the  results  of  physiological 
activities  which  the  special  forms  of  bacteria  display  when  placed  under 
diverse  and  usually  entirely  artificial  conditions  of  food,  temperature,  and 
general  environment.  It  is  evident  from  this  condition  of  affairs  that 
what  in  our  attempts  at  classifications  we  are  wont  to  call  genera  and 
species,  are  not  such  in  the  strict  sense  in  which  these  terms  are  used  in 
other  domains  of  biology.  That  which  corresponds  to  the  generic  name 
in  the  more  exact  vocabularies  is  in  ours  usually  the  growth  form  which 
indicates  the  primary  class  to  which  the  germ  belongs,  as  coccus,  bacillus, 

or  spirillum,  or  some  growth  modification  of  this,  as  diplococcus,  strep- 
tococcus, streptobacillus,  and  the  like.  To  this  is  usually  appended  a 

more  or  less  distinctive  specific  name,  which  ordinarily  indicates  some 
noteworthy  physiological  capacity  of  the  germ,  such  as  its  peptonizing 
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power,  the  pigment  which  it  elaborates,  some  prominent  chemical  reac- 
tion which  it  initiates,  some  marked  effect  upon  an  artificial  culture 

medium,  its  disease-producing  power  in  men  or  animals,  or  some  fact 
about  its  habitat,  or  the  situation  in  which  it  was  found.  All  of  these  and 
other  heterogeneous  characteristics,  largely  functional,  which  may  be 
developed  under  natural  or  artificial  conditions,  constitute  data  in  the 
life  history  of  germs  upon  which  the  classification  and  nomenclature  of 
bacteria  are  at  present  based. 

Notwithstanding  the  value  of  this  principle  of  grouping  and  nomen- 
clature, its  inadequacy  even  for  temporary  use  is  becoming  painfully 

evident  as  research  proceeds,  partly  because  of  the  large  variations  to 
which  physiological  activities  are  liable,  and  partly  because  we  cannot 
always  sharply  distinguish  between  races,  varieties,  and  species. 

Methods  of  Morphological  Study  of  Bacteria. 

The  simplest  mode  of  studying  bacteria  is  to  examine  them  either  in  the  fluids  in 
which  they  grow  or  in  one-half-per-cent.  salt  solution.  For  the  study  of  many  of  the 
phenomena  of  life  this  method  is  important. 

This  may  be  accomplished  by  the  examination  of  a  thin  layer  of  the  fluid  under  a 
cover-slip,  in  the  usual  way;  or  a  small  drop  may  be  placed  on  the  cover-slip  and  this 
inverted  on  a  hollow  slide  so  that  the  observation  is  made  in  the  hanging  drop.  A 
streak  of  vaseUn  painted  around  the  edge  of  the  cover  will  prevent  evaporation  of  the 
fluid. 

Staining. — By  far  the  most  important  aid  in  the  morphological  study  of  the  bac- 
teria is  derived  from  the  use  of  staining  agents.  Most  of  the  bacteria  are  stained  more 

or  less  readily  by  one  or  more  of  the  basic  anilin  dyes.  The  ease  with  which  they  are 
colored  varies  considerably  in  different  species  and  with  the  different  dyes.  The  tissue 
elements,  and  a  variety  of  other  materials  with  which  the  bacteria  may  be  associated, 
also  stain  more  or  less  readily  at  the  same  time;  but  most  of  these  part  with  their  color 
more  readily  than  do  the  bacteria  on  being  treated  with  alcohol  or  dilute  acids.  It  is 
thus  possible  to  obtain  a  differentiation  in  color  l^etween  bacteria  and  other  structures. 
The  bacteria,  moreover,  differ  among  themselves  in  respect  to  the  tenacity  with  which 
they  hold  their  stain  in  the  presence  of  decolorizing  agents,  and  upon  tliis  fact  is  based 
one  of  the  important  methods  of  distinguishing  between  different  species. 

The  anilin  dyes  more  commonly  employed  for  bacteria  staining  are  fuchsin,  gen- 
tian violet,  and  methylene  blue.  A  saturated  alcoholic  solution  of  these  dyes  should 

be  kept  in  tightly  stoppered  bottles,  and  from  these  the  more  dilute  solutions  required 
for  staining  may  be  prepared.  For  ordinary  purposes  one  part  of  alcoholic  solution 
of  fuchsin  or  methylene  blue,  added  to  twenty  parts  of  water,  will  give  a  staining 
solution  of  suitable  strength. 

Special  stains  and  modes  of  staining,  such  as  are  necessary  for  some  forms  of  bac- 
teria— the  tubercle  bacillus,  for  example — will  be  described  under  the  appropriate 

headings. 

To  Stain  Bacteria  in  Fluids. — A  small  drop  of  the  fluid  is  placed  on  a  clean  cover- 
glass,  spread  a  little  with  a  needle,  and  dried  by  gentle  heat.  The  cover-glass  is  now 
held  with  the  forceps,  specimen  side  up,  and  passed  moderately  rapidly  three  times 
through  the  flame  of  an  alcohol  lamp  or  Bunsen  burner.  The  material  on  the  cover 
should  not  be  burned.  This  heating  not  only  fixes  the  contents  of  the  fluid  firmly  on 
to  the  glass  so  that  it  Tvill  not  easily  soak  off,  but  renders  insoluble  any  albuminous 
materials  which  may  be  mixed  with  the  bacteria,  and  which  might  otherwise  interfere 
with  subsequent  examinations  by  forming  granular  precipitates. 

A  drop  of  the  aqueous  staining  fluid  is  now  put  on  to  the  dried  specimen  on  the 
cover-glass,  and  if  this  be  held  in  the  forceps  and  tilted  slightly  up  and  down  a  few 
times  so  as  to  bring  fresh  portions  of  the  staining  fluid  into  contact  with  the  bacteria. 
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the  staining  will  usually  be  completed  in  two  or  three  minutes.  The  stain  is  now 
washed  off  with  a  jet  of  water  from  the  wash  bottle,  and  the  specimen  is  either  mounted 
in  a  drop  of  water  for  temporary  study,  or  the  washing  water  is  drained  off  and,  after 
drying  in  the  air,  it  is  mounted  directly  in  balsam.  It  is  well  to  use  balsam  which  has 
been  softened,  when  this  is  necessary,  with  oil  of  cedar  or  xylol  rather  than  with 
chloroform,  since  this  is  apt  to  decolorize  the  bacteria.  Solid  cultures  of  bacteria 
should  be  mixed  with  a  little  water  and  spread  on  the  cover-glass  before  drying  and 
staining. 

Gram's  method  (see  below)  is  often  useful  and  in  some  cases  almost  indispensable 
for  the  differential  staining  of  bacteria.* 

To  Stain  Bacteria  in  Tissues. — The  tissues  should  be  well  hardened  in  alcohol. 
Thin  sections  are  placed  in  the  above-described  aqueous  coloring  solutions,  where  they 
may  remain  from  five  to  fifteen  minutes.  In  some  cases  a  much  longer  staining  is  nec- 

essary. Gentle  warming  (40°  to  50°  C.)  will  hasten  the  staining.  The  entire  tissue  as 
well  as  the  bacteria  is  in  this  way  deeply  colored.  The  sections  are  rinsed  with  dis- 

tilled water  and  then  placed  in  alcohol.  This,  with  varying  degrees  of  rapidity  with 
different  stains  and  tissues,  gradually  extracts  the  color  from  the  tissue,  most  slowly 
from  the  nuclei.  The  time  required  and  the  exact  degree  of  decolorization  to  be  sought 
for  must  be  learned  by  experience  in  different  cases.  Sometimes  five,  sometimes 
thirty  minutes  are  required,  sometimes  only  a  few  seconds.  It  is  often  necessary,  and 
the  decolorizing  of  the  tissue  is  thereby  hastened,  to  add  a  few  drops  of  acetic  acid  to 
the  alcohol.  When  acetic  acid  is  used  it  should  be  finally  thoroughly  washed  out  by 
alcohol.  The  specimens  are  now  cleared  up  by  oil  of  origanum  and  mounted  in 
balsam.  In  specimens  prepared  in  the  above  way,  the  nuclei  of  cells  usually  retain  to 
some  extent  a  color  similar  to  that  of  the  bacteria,  but  their  size  and  shape  8er\e  for 
the  differentiation. 

Gramas  Method. — This  is  a  much  more  generally  useful  method  of  staining  bacteria 
in  the  tissues  than  that  just  given,  although  not  in  all  cases  applicable.  The  sections 
are  stained  for  from  two  to  four  minutes  in  anilin-gentian-violet  solutionj  prepared  by 
adding  1  c.c.  anilin  oil  to  10  c.c.  distilled  water,  shaking  thoroughly,  and  filtering 
off  the  excess  of  anilin  oil  through  a  moistened  paper  filter.  To  the  clear  filtrate,  satu- 

rated alcoholic  solution  of  gentian  violet  is  added,  in  the  proportion  of  about  1  of  the 
dye  to  10  of  the  anilin  solution. 

From  the  staining  solution  the  sections  are  transferred  to  a  solution  of  iodine  in 

potassium  iodide  and  water  (I  1 . 0 — KI  2 . 0 — H  fi  300 . 0) ,  remaining  from  one  to  three 
minutes,  when  they  are  transferred  to  strong  alcohol ;  this  should  be  changed  two  or 
three  times  so  as  to  dehydrate  the  specimen,  which  at  the  same  time  will  lose  much  of 
its  color.  The  section  is  cleared  in  oil  of  origanum  to  which  a  little  eosin  has  been 
added,  and  mounted  in  balsam.  In  specimens  prepared  in  this  way  the  bacteria  and 
some  of  the  nuclei  are  violet,  the  remainder  of  the  tissue  is  red. 

In  this  as  in  other  methods  of  staining  bacteria  in  tissue  the  section  is  liable  to 
shrivel  and  curl.  This  may  in  many  cases  be  avoided  by  fixing  the  sections  on  to  the 
cover-slip  with  albumen  fixative  (see  p.  1034)  before  the  staining  begins,  carrying 
cover-glass  as  well  as  section  through  the  subsequent  processes.  Since  some  bacteria 

are  decolorized  by  Gram's  method  it  is  not  applicable  to  the  staining  of  all  organisms 
in  tissues.  It  is  often  a  valuable  aid  in  the  differentiation  and  identification  of  species 

with  similar  morphology — and  in  some  instances,  as  in  the  staining  of  gonorrhoea!  pus, 
has  an  especial  diagnostic  value  (see  p.  222). 

WeigerVs  Modification  of  Gramas  Method. — The  sections  are  laid  for  half  an  hour  in 
the  anilin-gentian-violet  solution  prepared  as  above,  then  rinsed  off  in  three-quarter- 
per-cent.  salt  solution  and  spread  on  a  slide.  They  are  now  dried  with  blotting-paper 
and  covered  for  two  minutes  with  the  iodine  solution.  The  iodine  solution  is  now 

washed  off  in  the  water,  the  section  dried  with  blotting-paper,  and  decolorized  with 
anilin  oil  of  a  mixture  of  2  parts  of  anilin  oil  and  1  part  of  xylol,  several  times  renewed. 
Finally  the  sections  are  cleared  in  xylol  and  mounted  in  balsam. 

In  many  cases  it  is  well  to  accomplish  a  double  staining  by  a  preliminary  contrast 

stain.     Thus,  before  the  use  of  Wcigert's  modification  of  Gram's  stain  the  sections  may 

^  For  the  methods  of  staining  spores  sec  special  works  on  bacteriology. 
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be  put  for  half  an  hour  in  a  solution  of  picro-carmin,  then  rinsed  in  water  and  stained 

as  above.     By  this  modification  of  Gram's  method,  fibrin  is  deeply  stained. 
Loffler's  alkaline-methylene-blue  solution  is  a  very  valuable  and  powerful  stain  for 

bacteria,  either  in  fluids  or  in  tissues. 
It  consists  of — 

Saturated  alcoholic  solution  of  methylene  blue,       30  parts 
Aqueous  solution  of  caustic  potash  1  :  10,000,     100  parts 

For  staining  bacteria  in  tissues  the  stain  is  allowed  to  act  for  a  few  minutes.  The 
section  is  then  put  for  a  few  seconds  in  one-half-per-cent.  acetic  acid,  then  rinsed  in 
water,  and  the  superfluous  color  removed  from  the  tissue  by  repeated  rinsing  in  alco- 

hol, which  at  the  same  time  dehydrates  it.  Then  it  is  cleared  with  oil  of  cedar  and 
mounted  in  balsam.  Care  should  be  taken  not  to  remove  too  much  color  with  the 
alcohol. 

It  should  always  be  borne  in  mind  in  staining  the  bacteria  that  great  exactness  is 
not  usually  necessary  either  in  the  strength  of  the  coloring  solutions  or  in  the  time  of 

exposure  of  the  bacteria  to  them.  We  are  seeking  for  certain  effects — namely,  the 
staining  of  the  germs — and  this  depends  not  only  upon  the  quality  and  strength  of  the 
dye,  the  time  of  exposure,  etc.,  but  also  upon  the  nature  of  the  bacterial  species  and  its 
conditions  at  the  time  the  staining  is  undertaken.  Thus  it  not  infrequently  happens 
that  bacteria  which  will  stain  readily  and  deeply  with  a  given  solution  when  they  are 
in  a  condition  of  active  growth,  may  be  scarcely  at  all  colored  if  they  have  been  dead 
or  inactive  for  a  long  time,  although  their  outward  shape  appears  to  be  unchanged. 
So  it  should  be  remembered  that,  while  there  is  little  difficulty  in  most  cases  in  staining 
the  bacteria,  the  operation  is  not  one  of  mere  routine,  but  requires  intelligent  attention 
to  the  particular  conditions  of  the  species  in  hand. 

For  the  recognition  and  study  of  bacteria  the  best  optical  apparatus  is  requisite. 
An  homogeneous  immersion  lens  (at  least  one-twelfth)  and  the  Abbe  condenser  are 
indispensable  for  ordinary  work. 

Artificial  Cultivation  of  Bacteria. 

For  a  consideration  of  the  methods  of  Artificial  Cultivation  of  Bacteria,  we  refer 
to  special  works  on  Bacteriology,  ref.  p.  319. 

Collection  of  Material  for  Bacterial  Cultures. 

Material  obtained  from  the  human  body  which  is  to  be  subjected  to  bacterial  ex- 
amination should  be  collected  with  every  precaution  against  accidental  contamination. 

A  convenient  mode  of  collection  and  transportation  of  small  quantities  of  fluid  or 
semi-fluid  material,  such  as  exudates,  discharges,  etc.,  for  purposes  of  bacterial  exami- 

FiG.  99. — Steriuzed  Cotton  Swab  in  a  Steriuzed  Tube,  for  Collecting  Fluids  Containing 
Bacteria. 

nation  is  to  twist  a  small  wad  of  absorbent  cotton  on  to  the  end  of  an  iron  or  steel  wire 
about  five  inches  long,  put  this,  swab  end  foremost,  into  the  tube  (Fig.  99),  plug  the 

mouth  with  cotton,  and  sterilize  the  w^hole  in  a  dry  ov^en  for  an  hour  at  160°  C. 
Several  of  these  cotton  swabs  may  be  prepared  at  once  and  kept  on  hand.  The 

swab,  carefully  removed  and  saturated  with  the  material  to  be  examined,  is  at  once 

returned  to  the  tube;  this  is  plugged,  and  may  be  thus  safely  transported.^ 
*  For  further  suf^eations  for  the  collection  and  examination  of  specimens  for  micro-organisms,  and 

for  references  to  studies  on  the  bacteria  of  the  human  body,  see  pp.  150  and  151.  Consult  for  details 

of  species,  general  works  on  bacteria,  e*pecially  KoUe  and  Waasermann' s  "  Mikroorganismen  " 
10 
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II.  Yeasts. 

These  micro-organisms — larger  than  bacteria  and  mostly  saprophytes 
— consist  of  oval  or  spheroidal  cells  with  granular  protoplasm  and  a  thin 
membrane.  They  multiply  by  sprouts  or  buds  from  the  parent  cell 
(Fig.  100).  The  new  individuals  may  separate  from  the  old,  or  may 

cling  to  them  so  that  chain-like  combinations  may 
occur.  They  sometimes  form  endogenous  spores, 
known  as  aacosporos.  Some  species  develop  bright 
colors  in  their  growth. 

There  are  many  forms  of  yeasts  which  are  con- 
cerned in  various  phases  of  fermentation.  Some  of 

these,  alcoholic  fermentation  for  example,  are  of  great 

economic  importance.'  Certain  forms  of  yeasts  flourish 
in  the  stomach  during  digestive  disorders  and  in  the  bladder  in  diabetes 

without  inciting  lesions.  Various  yeasts  have  been  proven  to  be  patho- 
genic in  lower  animals  and  in  man. 

Blastomycotic  dermatitis'  (Oidiomycosis)  is  a  localized  inflammation. 
papular  and  pustular  in  character,  leading  to  warty  outgrowths,  to  the 

Fio.  101. — OmiOMTcOflra  Cvrin — BlaiUnniieiilic  drTmaliiia, 

From  skin  lesions,  shoH'ing  giimt  cells  containin);  the  oidium  with  ms^t  cetb  anj  eoaiDophile  will 
in  the  siljnccnt  feme  Just  liencnih  \he  ppiDipUuin. 

formation  of  abscesses  beneath  the  skin,  and  to  ulcers.  Deeper  parts, 

such  as  bone,  may  be  involved.  Hyperplasia  of  epithelium  and  develop- 
ment of  granulation  tissue  beneath  with  the  formation  of  giant  cells 

bibi,.  coiMult.foro™jon.  -  Mlinmrwinianw  imd  Fermentation.*'  EtiK.  Ti»nal.  1900. 
'  Gilchritl,  Johns  Hopkine  Hoapitnl  Rpporl'i.  vol.  i..  p.  26».  ISH6.  For  a  rttumi  of  pathogenic 

bla3tom>-cctes  with  experiments  and  bililiugraphv.  nee  Fotdertim.  Journal  of  PatholoEy  and  BaFleriol- 
ogy.  vol.  vi,,  p.  37,  1000:  and  Strmbtrg,  Ziegl.  Beitr,.  Bd.  nxiii.,  1902,  p.  1;  abo  RirkrUn,  "  Blaslomy- 
CLUia  of  Skin."  Jour.  Meil.  Rm.,  vol.  vi..  IWl,  p.  377:  alaoOfit  and  Ecani,  Jour.  Am.  Med.  Assn.,  vol. 
xli..  p.  1075.  1003;  also  Saanr.  Jour.  Inf.  Dis.,  vol.  iii..  p.91,  lOOS;  and /mnt  aDclGraAam.  tbid..  p.  606, 
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(Fig.  101),  mast  cells,  and  eosinophilic  cells  may  be  associated  with  the 
local  growth  of  the  blastomycetes  and  the  formation  of  abscesses,  the 
latter  often  intra-epithelial.  The  local  lesion  may  extend  to  the  involve- 

ment of  large  areas  of  skin  and  subcutaneous  tissue. 

The  organism — Oidium — is  present  in  the  involved  tissues  as  a  rounded 
double  contoured  body  (Fig.  102),  varying  in  diameter  from  10  to  20/j. 
It  sometimes  buds  and  contains  various  rounded  rcfractile  or  granular 

structures.  These  organisms  may  be  enclosed  in  a  homogeneous  jelly- 
■like  mass.  They  are  readily  cultivated  in 
arttlicial  media  and  can  be  successfully  inoc- 

ulated into  animals,  such  as  the  guinea-pig. 
Generalization  of  the  blastomycotic  in- 

fection may  take  place  and  be  fatal.  In 
the  systemic  disease  the  lungs,  spleen,  and 
kidneys  are  especially  involved  in  the 
formation  of  abscesses  and  local  tissue 

hyperplasia  containing  the  organism. 
There  seem  to  be  several  forms  of  blasto- 

mycetes among  the  pathogenies  already 
described,  but  their  classification  is  unsatis- 
factory. 

Thrush. — A  micro-organism  frequently 

found   growing  in  the  mouth  and  fauces  F'o-  102.— omiyM  fhom  *  cabb 

and  cesophagus  of  children,  in  the  form  of     J^Ue  de'raBtitis)?    """  "'' 
a  whitish  pellicle,  is  the  so-called  Oidium 
albicans,  which  consists  of  branching,  jointed  threads  and  spores  which 
penetrate  between  the  epithelial  cells.  This  fungus  may  assume 
considerable  importance,  when  in  very  feeble  children  it  blocks  the 
cesophagus,  or  when,  as  is  rarely  the  case,  from  the  surface  of  ulcers  it 

penetrates  the  blood-vessels  and  gives  rise  to  visceral  metastasis.  It  is 
grouped  with  the  yeasts,  and  the  disease  with  which  it  is  associated  is 
to  be  regarded  as  an  oidiomycosi.s. 

III.  Moulds. 

The  moulds  are  considerably  more  complex  in  structure  than  either 
the  bacteria  or  the  yeasts.  Some  of  the  forms  are  very  common  and 
universally  known.  In  general,  it  may  be  said  that  the  moulds  consist 

of  a  series  of  delicate,  translucent,  branching  jointed  threads — mycelium 
— usually  giving  rise  to  hyph<F,  from  which,  either  directly  or  in  more 
complex  forms  through  the  intervention  of  a  special  structure,  the  sporan- 

gium, the  spores  are  developed  (Fig.  103).  The  moultis  which  are  apt  to 
occur  in  the  human  body  may  be  of  the  former,  more  simple,  or  of  the 

latter,  more  complex,  type.'  Among  the  simpler  forms  of  moulds  which 
occur  in  the  body  may  be  mentioned  the  Achorion  Bchonleinii,  Microspo- 

'  See  Retwn.  "Etude  sur  ['nBpcrRiUiise  cbpi  lex  HQunnui  et  ehei  I'hDmnie,"  Pnris.  1897:  slna  Leo- 
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ron  furfur,  Trichophyton  tonsurans.     There  is  a  close  morphological 
resemblance  between  these  forms. 

The  Favits  Fungus  (Achonon  SchOulcinii),  is  formed  of  a  much-branch- 
ing mycelium  from  which  the  spores 

arc  directly  developed  (Fig.  104). 

It  grows  readily  on  artificial  cul- 
ture media,  such  as  nutrient  agar 

and  gelatin,  at  the  temperature  of 
the  body.  This  fungus  is  most  apt 
to  grow  upon  the  hairy  part  of  the 
head,  where  it  forms  small  surface 
crusts  and  grows  into  the  shafts 
and  root  sheaths  of  the  hair,  excit- 

ing inflammation  in  the  adjacent 
tissue. 

Ring    Worm    (Tinea   circinata; 
Herpes    tonsurans). — The    inciting 
agents   of  this   readily   communi- 

cable disease  are  several  species  of 

Fio.  103.— AsFiBGCLn-s  (iLALciH.  Trickophytoii  tonsurans  which  de- 

befling'-fn^i^^hiT^i^i^  b^e'u^rih^     vclops  In  the  form  of  a  moderately bj-phcp.  branching  mycelium,  forming  com- 
paratively few  spores.  It  grows 

in  the  skin,  either  about  or  apart  from  the  hairs,  or  in  the  nails,  induc- 
ing the  lesions  of  various  phases  of  ring  worm  which  differ  considerably, 

depending  upon  the  particular  structures  involved.  At  body  tempera- 
ture it  grows  readily  on  artificial  culture 

media,  differing  markedly  in  appearance 
from  Achorion. 

Htyriasis  versicolor. — Microsporon  fur- 
fur, the  mould  fungus  causing  pityriasis 

versicolor,  is  more  prone  than  the  Achorion 
to  the  development  of  many  spores,  but 
otherwise  considerably  resembles  it  mor- 

phologically. It  has  not  yet  been  culti- 
vated on  artificial  media.  By  its  infiltra- 

tion of  the  epidermis,  especially  of  the 
body   and    upper    extremities,    it    causes 
larger  and  smaller  yellowish  or  brownish  „i  «p  _ 
patches.  Favus. 

The    Higher   Moulds. — The    more  com-  From  a  miture. 

plex  types  of  moulds  are  only  occasion- 
ally dwellers  in  the  human  body  and  appear  to  be  but  rarely  the  cause 

of  disease,  passing,  rather,  a  saprophytic  existence  on  dead  material  in 
parts  of  the  body  which  are  in  communication  with  the  air.  Thus  they 
may  be  found  growing  on  accumulations  in  the  external  auditory  canal, 
in  dead  tissue  in  the  lungs,  on  walls  of  cavities,  dilated  bronchi,  etc. 
Many  cases  have  been  reported,  however,  in  which  the  moulds,  especially 
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aspergillus,  have  been  the  apparent  excitants  of  serious  lesions  in  men 
and  animals.^ 

Methods  of  Studying  Yeasts  and  Moulds. 

The  yeast  organisms  are  in  general  stained  and  cultivated  by  the  same  methods  as 
those  used  in  studying  the  bacteria.  By  treating  unstained  sections  of  tissue  contain- 

ing them  with  a  solution  of  caustic  potash  the  organisms  may  often  be  readily  demon- 
strated. 

The  higher  moulds  may  be  simply  teased  and  studied  in  glycerin  or  in  glycerin  and 

water.  They  may  be  stained  with  alkaline-methylene-blue  solution  (Loffler's  solution, 
see  p.  145).  When  spores  have  formed  in  considerable  numbers  on  the  more  complex 
forms  of  moulds,  these  are  not  easily  wetted  by  the  usual  staining  fluids,  because  the 
air  clings  so  closely  among  the  spore  masses.  In  a  mixture  of  four  parts  of  alcohol  and 
one  of  aqueous  solution  of  ammonia  they  are  instantly  wetted,  and  may  then,  with  or 
without  staining,  be  teased  and  mounted  in  glycerin.  In  studying  the  moulds  in  the 
above-described  skin  diseases  it  is  well,  when  crust-like  masses  are  to  be  teased  apart, 
to  allow  them  first  to  soak  for  a  few  minutes  in  a  five-per-cent.  solution  of  caustic 
potash.  In  this  solution  they  may  be  studied,  or  they  may  be  teased  and  mounted  in 
glycerin  for  preservation.  Most  of  the  more  common  moulds  are  readily  grown  on 
the  ordinary  culture  media. 

*  For  rSsum^  and  bibliography  of  relationship  of  yeasts  and  moulds  to  human  diseases  consult 
Richer,  Lubarech  and  Ostertag's  "Ergebniase  der  allg.  Aetiologie  der  Mensehen-  u.  Thierkrankheiten," 
Abth.  i.,  1896,  p.  892.  See  also  Hektoen,  Journal  of  Experimental  Medicine,  vol.  v.,  p.  77,  1900;  Plaut  in 

"Kolle  and  Wassermann's  Handbuch,"  Bd.  i. 



CHAPTER  VIII. 

THE  RELATIONS  OF  MICRO-ORGANISMS  TO  DISEASE— INFECTION 
AND  IMMUNITY. 

THE  PRESENCE  OF  BACTERIA  AND  OTHER  BHCRO-ORGANISlfS  IN  THE 
BODY:    ITS  PROTECTIVE  MECHANISM. 

The  Presence  of  Bacteria. — Bacteria  are  invariably  present  in  greater 
or  less  numbers  in  the  mouth,  nose,  upper  air  passages,  gastro-intestinal 
and  genito-urinary  tracts  of  men  and  animals.^  Into  these  places  they 
are  more  or  less  constantly  brought  by  the  respired  air,'  by  food  and 
drink,  and  in  other  ways.  They  are  always  abundant  upon  the  skin  and 
about  the  hairs,  and  the  sweat  and  sebaceous  glands.  But  common  and 
often  abundant  as  are  these  germs  upon  the  external  and  internal  surfaces 
of  the  body,  they  do  not  often  pass  through  the  healthy  mucous  or  cuta- 

neous surfaces,'  so  that  under  normal  conditions  the  tissues,  the  viscera, 
and  the  circulating  fluids  are  practically  sterile."* 

Except  for  certain  pathogenic  forms  which  may,  under  unsanitary 
conditions,  have  been  set  free  and  transported  from  men  or  animals 
suffering  from  infectious  disease,  the  bacteria  upon  the  cutaneous  or 
mucous  surfaces  of  the  body  are  for  the  most  part  harmless;  while  cer- 

tain intestinal  forms  may  even  be  useful  in  promoting  digestion. 
Certain  species  of  bacteria  which  do  not  often  and  some  which  never 

induce  disease,  find  in  or  upon  the  human  body  such  especially  favor- 
able conditions  for  their  existence  that  they  are  commonly  present  there. 

The  Safeguards  of  the  Body. — The  body  is  guarded  in  various 
ways  from  the  incursions  of  pathogenic  and  other  bacteria,  which  may  be 
commonly  present  or  only  occasionally  lodged  upon  its  surfaces.  Among 
the  protective  agencies  of  the  body  may  be  mentioned  the  firm,  dense 
skin  which  while  intact  protects  the  interior  from  the  entrance  of  almost 
all  known  micro-organisms;  the  epithelial  investment  of  the  mucous  mem- 

branes in  several  places  swept  by  cilia;  the  protected  situation  of  most  of 
the  mucous  surfaces,  the  germicidal  qualities  of  some  of  the  secretions, 

such  as  the  saliva,  gastric  juice,  mucus,  etc.* 
*  For  a  summary  of  facts  concerning  the  bacterial  flora  of  the  body  surfaces  consult  Welch,  **  Surgi- 

cal Bacteriology,"  "System  of  Surgery  by  American  Authors,"  Dennis.  See  also  Ford,  "The  Bacteri- 
ology of  Healthy  Organs,"  Trans.  Assoc.  Amer.  Phys.,  vol.  xv.,  p.  389,  1900,  bibl.;  also,  "  Bacteria  in 

Healthy  Bodies  and  their  Portals  of  Entry,"  Seller,  Zeits.  f.  Hygiene,  etc.,  Bd.  liv.,  p.  363,  1906. 
'  For  a  r^sunU  of  micro-organisms  in  the  air  see  Gottatein,  Lubarsch  and  Ostcrtag's  "Ergebnisse," 

Jahrgang  iv.,  pp.  87  ei  seq.,  1897;  also  Firth,  "Studies  from  the  Department  of  Pathology,"  Col.  Phys. 
and  Surg.,  Columbia  University,  vol.  vii. 

•  It  should  be  remembered  that  the  gastro-intestinal  canal,  the  lungs,  and  other  viscera  which  are 
in  communication  with  the  exterior,  although  within  the  limits  of  the  body,  still  form,  strictly  speaking, 
its  outside,  in  distinction  from  the  intimate  recesses  of  the  tissues  in  which  the  life  processes  go  on. 

<See  p.  151. 
*For  a  risumi  of  the  protective  action  of  the  skin,  mucous  membranes,  et^.,  see  Metchnikoff, 

"Immunity  in  Infective  Diseases,"  Trans.,  1905. 
See  for  summary  of  protective  agencies  of  the  lungs,  p.  600.  For  a  study  of  the  action  of  saliva  on 

bacteria  see  Clairmont,  Wiener  klin.  Wochenschr.,  Nov.  22d,  1906,  bibl. 
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The  Portals  of  Entry. — But  notwithstanding  the  safeguards  of 
the  body  against  the  access  of  micro-organisms,  these  do  frequently  enter; 
this  may  occur  in  severe  injuries  to  the  skin  or  mucous  membranes  or 
through  very  slight  and  unnoticed  abrasions  or  other  solutions  of  con- 

tinuity. Entrance  may  be  gained  to  the  tissues  through  the  minute  ducts 
of  the  sebaceous  or  sweat  glands;  from  the  mouth,  tonsils,  gastro-intes- 
tinal  canal, ^  and  the  respiratory  passages  and  surfaces,  either  with  or 
without  obvious  injuries  to  the  investing  epithelia.  The  rdle  of  insects 

in  the  conveyance  of  infectious  agents  is  of  great  importance.*  Micro- 
organisms may  enter  the  body  during  intrauterine  life.' 

There  is  abundant  evidence  that  even  in  health,  through  the  pharynx, 
tonsils,  and  intestines,  a  small  number  of  bacteria  frequently  enter 
the  recesses  of  the  body,  but  are  safely  disposed  of  through  the 
protective  mechanism  presently  to  be  considered.  So  that  while  we 
may,  as  above  stated,  consider  the  interior  of  the  healthy  body  as 
practically  sterile,  it  is  still  possible  by  careful  and  discreet  searching 
to  discover  here  and  there  bacterial  detritus  and  bacteria  on  their  way 
to  destruction.* 

The  Protective  Mechanism. — When  in  one  way  or  another  bacteria 
or  other  germs  have  entered  the  tissues,  they  may  encounter  a  series  of 
obstacles  to  their  spread  or  continuance  as  well  as  to  their  proliferation 
there,  even  should  the  general  nutritive  conditions  be  favorable.  In  the 
first  place  the  lymph-nodes  filter  out  of  the  tissue  fluids  micro-organisms 
which  have  entered  them,  holding  them  back  from  the  general  circula- 

tion or  destroying  them.*  The  power  of  certain  of  the  body  fluids  and  of 
living  cells — phagocytes — under  favorable  conditions  to  kill  and  dispose 
of  germs,  is  of  great  importance  and  will  be  referred  to  again.*  The  elimi- 

nation of  micro-organisms  from  the  body  through  its  secretions,^  such  as 
urine,  bile,  milk,  sweat,  saliva,  etc.,  is  a  matter  of  great  significance,  but 

one  upon  which  the  scope  of  this  book  does  not  permit  us  to  enter.* 

^  For  bibliography  concerning  the  permeability  of  the  gastro-intestinal  canal  for  bacteria  refer  to 
p.  681. 

'  NtUtall,  Johns  Hopkins  Hospital  Reports,  vol.  viii.,  p.  1,  19QD.  For  studies  of  flies  as  carriers 
of  typhoid  see  Hamilton,  Jour.  Am.  Med.  Assn.,  vol.  xl.,  1903,  p.  576;  also  Martin,  Public  Health, 

August,  1903;  also  "Flies  and  Tuberculosis,"  Lord,  Boston  Med.  and  Surg.  Jour,,  vol.  cli.,  p.  651,  1904; 
and  on  spread  of  plague  by  insects,  Hunter,  Centralbl.  f.  Bakt.,  Orig.  Bd.  xl.,  p.  43,  1906,  and  "Eco- 

nomic loss  by  Insects,"  Howard,  U.  S.  Dep.  Agricult.  Bureau  of  Entomology  Bull.,  78,  1909. 
'  For  a  risumi  of  studies  on  the  congenital  transmission  of  infectious  agents  see  Wassermann,  in 

KoUe  and  Wassermann's  "Handbuch  der  Mikroorganismen,"  Bd.  i.,  p.  380,  bibl.;  also,  Balantyne's 
"Antenatal  Pathology,"  1902  and  Lynch,  Johns  Hopkins  Hospital  Bull.,  x.,  283.  1902. 

*  Adami  on  "Latent  Infection  and  Subinfection,"  etc.,  Joum.  of  the  Amer.  Med.  Association, 
December  16th  and  23d,  1899;  also  Wrzosek,  Virch.  Arch.,  Bd.  178,  p.  82,  1904;  see  also  for  an  experi- 

mental study  of  the  disappearance  of  bacteria  from  the  blood,  Schwarz,  Zeits  f.  Heilkunde,  Abth.  f. 
Path.  Anat.,  Bd.  xxvi.,  p.  295,  1905. 

'  Manfredi,  Virch.  Arch.,  Bd.  civ.,  p.  335,  1899,  for  a  study  of  the  germicidal  and  other  action  of 

lymph-nodes;  abo  Bezangon  and  Labbi,  Arch,  de  m6d.  exp^rimentale  et  d'anat.  path.,  t.  x.,  p.  389, 1898. 

*  For  studies  of  the  capacity  of  the  living  body  to  dispose  of  bacteria  when  these  are  injected  into 
the  blood,  see  Werigo,  Ann.  Inst.  Pasteur,  t.  viii.,  1894,  also  Bail,  Arch  f.  Hygiene,  Bd.  lii.,  p.  272, 
1905;  see  also  Buxton  and  Torrey,  Jour.  Med.  Res.,  vol.  xv.,  p.  5,  1906. 

7  Consult  Sherrington,  "Experiments  on  the  Escape  of  Bacteria  with  Secretions,"  Journal  of 
Pathology  and  Bacteriology,  vol.  i.,  p.  258,  1893;  Biedl  and  Kraus,  Arch.  f.  exp.  Path.,  Bd.  xxxvii.,  p.  1, 

1895,  bibl.;  Hintxe  and  Lubarsch,  "Ergebnisse  der  allg.  Aetiologie  der  Menschen-  und  Thierkrank- 
heiten,"  1896,  p.  287.  For  study  of  disappearance  of  bacteria  from  the  body,  see  Pawhwsky,  Zeits.  f. 
Hygiene  and  Infect.  Krankheiten,  Bd.  xxxiii.,  p.  261;  see  also  ref.  to  Asch,  p.  755. 

*  For  a  suggestive  summary  of  the  various  factors  which  are  or  may  be  concerned  in  the  protection 
of  the  body  against  the  invasion  and  action  of  micro-organisms,  see  MeUzer,  "Physiological  Methods 
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ACTION   OF  BACTERIA  AND  THEIR  PRODUCTS  IN  THE  BODY. 

The  Bacteria. — When  bacteria  do  enter  and  grow  in  the  body,  the  cells 
and  tissues  near  them  may  show  very  marked  alterations,  due  to  their  in- 

fluence. The  cells  may  be  swollen,  or  their  nuclei  may  disappear,  and  the 
protoplasm  may  be  converted  into  hyaline  material  or  into  a  mass  of 
transparent  or  coarsely  granular  particles,  or  may  completely  disintegrate. 
The  intercellular  substance  near  the  bacteria  may  also  soften  and  disin- 

tegrate. In  a  word,  the  tissue  in  their  immediate  vicinity  is  often 
found  in  a  condition  of  necrosis  of  one  kind  or  another.  The  w^alls  of 
blood-vessels  near  which  they  lie  may  be  damaged  and  the  blood  which 
these  carry  may  form  thrombi.  The  bacteria  may  themselves  enter  the 
vessels  and  proliferate  in  the  blood;  they  may  be  swept  away  as  emboli 
to  remote  parts  of  the  body  (Fig.  56,  p.  89),  and  establish  new  foci  of 

bacterial  proliferation  and  tissue  necrosis — septiccefnia. 
Some  bacteria,  instead  of  inducing  a  simple  necrosis,  incite  at  the 

same  time,  as  we  have  already  seen,  a  more  or  less  intense  inflammation 
(Fig.  57,  p.  90).  This  inflammation  may  be  of  a  simple  productive 

form,  similar  in  its  effects  to  that  incited  by  the  presence  of  any  irri- 
tating foreign  body;  or  it  may  be  active,  progressive,  and  exudative  in 

character;  or  the  bacteria  may  determine,  in  some  way  as  yet  unknown 
to  us,  very  peculiar  and  characteristic  inflammatory  changes,  which  result 
in  the  formation  of  new  tissues  of  various  kinds  (see  Tuberculosis). 
Some  forms  of  bacteria  find  in  the  blood,  others  in  the  tissue  spaces  and 

lymph-vessels,  the  conditions  most  favorable  for  their  proliferation. 
Bacterial  Poisons. — But  the  presence  of  micro-organisms  themselves 

is  not  indispensable  for  the  incitement  of  either  local  or  general  pathologi- 
cal processes.  These  may  be  induced  by  various  chemical  products 

eliminated  or  stored  up  in  their  protoplasm  by  the  metabolism  of  the 
germs.  These  deleterious  bacterial  products  may,  as  we  have  already 
seen,  be  those  alkaloidal  substances  called  poisonous  ptomains,  or  toxins ^ 
or  they  may  be  albuminoid  substances — toxalbumins  or  toxalbumoses. 
Stored  up  in  the  protoplasm  of  the  germs  themselves,  this  poisonous 
material  has  been  called  bacterio-protein  and  endotoxin. 

It  seems  probable  that  the  toxic  effects  of  some  bacteria  may  be  due 
not  to  their  immediate  product  but  to  the  action  of  bacterial  enzymes, 
whose  action  upon  certain  body  protcids  results  in  the  development  of 

the  toxic  albumoses  which  are  the  active  damaging  factors.^ 

of  Protection  of  the  Body  against  Bacteria,"  Trans,  of  the  Congress  of  Am.  Phys.  and  Surg.,  vol.  v.,  p. 
12,  1900;  see  also  ref.  to  Wasscrmann  above. 

See  al«o  for  the  importance  of  a  lesion  in  animal  tissues  for  the  lodgment  and  multiplication  of 
bacteria,  within  it,  Cheesman  and  Meltzer,  Jour.  Exp.  Med.,  vol.  iii.,  p.  .W3;  and  Brewer  on  unilateral 
infection  of  the  kidney  following  injury,  Surger>',  Gynecology,  and  Obstetrics,  vol.  ii.,  p.  485,  1906; 

also  on  the  significance  of  granulation  tissue  in  wound  infection,  A/anassicff,  Ziegler's  Beitriige,  Bd. 
xxii.,  p.  11,  1897;  also  Cobbett  and  Melsome,  Centralbl.  f.  Path.,  Bd.  ix.,  p.  827.  1898,  bibl.;  alsoJtirgelu- 
nas,  Ziegler's  Beitrage,  Bd.  xxix.,  p.  92,  1901,  bibl.  For  the  r61e  of  the  spleen  in  infection  and  intoxi- 

cation see  Courmont  and  Duffau,  Arch,  de  M6d.  exp.,  May,  1898,  p.  431,  and  Nicolas  and  Bfau.  Jour, 
de  phys.  et  path.  g6n.,  t.  iii.,  1901,  p.  68. 

*  Much  of  the  literature  on  this  subject  has  been  brought  together  by  Voughan  and  Novy,  "Cellu- 
lar Toxins."  See  also  Vaughnn,  Trans.  Assn.  Am.  Phys..  vol.  xx.,  265,  1905.  The  general  chemical 

relationship  of  bacterial  products  to  other  organic  compounds  Is  set  forth  in  Halliburton's  "Text-Book 
of  Chemical  Physiology  and  Pathology":  see  also  Oppenheimer  on  "Bacterial  Poisons"  in  Kolle  and 
Wassermann's  "Handbuch  der  Mikroorganismen,"  Bd.  i.,  p.  344. 
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Aggressins. — It  has  been  found  by  Bail  that  when  one  injects  into  animals  steril- 
ized exudates  induced  by  the  action  of  various  pathogenic  micro-organisms — tuber- 

cle, typhoid,  and  dysentery  bacilli,  pneumococcus,  staphylococcus,  etc. — together  with 
sublethal  doses  of  cultures  of  the  organisms  them8?lves,  the  death  of  the  animal  is 
brought  about  much  sooner  than  when  the  bacteria  alone  are  introduced.  Bail,  as 

the  result  of  many  experiments,  assumes  that  under  these  conditions  the  exudate  con- 
tains substances  which  foster  the  deleterious  effects  of  the  living  organisms  by  inter- 

fering in  some  way  with  the  protective  agencies  of  the  body.  These  hypothetical 
substances  he  has  called  aggressins,  and  he  believes  them  to  l:>e  formed  by  the  bacteria 

as  they  grow  in  the  body.'  This  aggressin  theory  has  not  found  general  acceptance 
and  much  experimental  data  has  been  brought  forward  to  controvert  it.* 

Intoxication — Toxaemia. — Some  of  the  poisons  act  locally  at  or  near 
the  seat  of  their  manufacture  by  the  growing  germs.  Others  gain  access 
to  the  body  at  large  and  are  widely  distributed,  inducing  what  may  be 

called  the  phenomena  of  septic  intoxication — toxcemia. 
The  phenomena  of  septic  intoxication  may  be  induced  by  the  prod- 

ucts of  bacterial  growth  outside  of  the  body  when  these  in  considerable 
quantity  are  in  any  way  taken  into  it.  This  is  true  not  only  of  poisons 
elaborated  outside  the  body  by  pathogenic  bacteria,  but  also  of  many 
forms  of  bacteria  usually  harmless.  Thus  are  caused  many  forms  of 
food  poisoning  which  simulate  but  are  not  actually  infectious  diseases, 

because  there  is  no  development  within  the  body  of  the  disease-inciting 
germs. 

Similar  local  and  general  effects  may  be  induced  in  the  body  by  other 
poisons  than  those  of  bacterial  origin.  Ricin  and  abrin,  for  example, 
well-known  vegetable  poisons,  and  the  venom  of  scorpions  and  of  certain 
snakes  are  closely  similar  in  their  action  to  the  toxins  which  the  bacteria 
form  either  within  or  without  the  body. 

It  should  be  remembered  in  this  connection  that  effects  closely  resem- 
bling those  due  to  bacterial  or  allied  poison  may  be  induced  by  toxic 

agents  developed  within  the  body  as  a  result  of  defective  elimination  or 

faulty  cell  metabolism — auto-intoxication  (  see  p.  426). 
Thus  the  deleterious  effects  of  pathogenic  bacteria  upon  the  body  are 

but  in  small  measure  simply  mechanical.  Local  necrosis^  and  inflam- 
mation, albuminous  degeneration  of  cells,  leucocytosis  and  other  altera- 

tions of  the  blood,  fever,  structural  lesions  and  functional  disturbances 
in  the  nervous  system,  irregularities  in  the  circulatory  and  respiratory 
mechanisms,  haemolysis  and  agglutination  of  the  red  blood  cells  and 

thrombosis,^  etc.,  may  follow  the  distribution  in  the  body  of  bacterial 

toxins.^ 
PROOFS  OF  THE  INFECTIVE  NATURE  OF  BACTERIA  FOUND  IN  THE  BODY. 

It  will  be  seen,  from  what  has  now  been  said  of  the  bacteria,  that  in 

different  parts  of  the  system  in  health,  and  in  a  large  number  of  aljmor- 
*  For  a  discussion  of  the  so-called  aggressins  see  Bail  and  Weil,  Cbl.  f.  Bak.,  Abth.  I.,  Orig.  Bd. 

xlii.,  pp.  51,  139.  241.  335,  437,  and  443,  1906. 
«  See  Sauerbeck,  .\rch.  f.  Hyg..  Ivi.,  1907. 
'  See  Flexner,  "The  Pathology  of  Toxalbumin  Intoxication,"  Johns  Hopkins  Hospital  Reports, 

vol.  vi.,  p.  259.  1897. 

*  For  bacterial  hemolysins  see  Pribram,  Kolle  and  Wassermann,  "Handb.  d.  path.  Mik.,"  Erginz. 
Bd.,  p.  291. 

*  On  the  theory  of  bacterial  infection  see  RacUiewsky,  Zeits.  f.  Hygiene,  Bd.  xxxvii.,  p.  1. 
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mal  conditions,  various  forms  of  bacteria  occur;  but  it  is  quite  evident 
that  the  significance  which  we  must  attach  to  their  mere  presence  varies 
greatly.  In  a  large  number  of  cases,  especially  when  on  parts  exposed 
to  the  air  or  in  the  gastro-intestinal  canal,  they  are  evidently  of  no  more 
importance  than  so  much  inorganic  dust.  When,  however,  special 
forms  of  bacteria  are  uniformly  present  in  connection  with  well-defined 
diseases,  or  in  their  lesions,  and  especially  if  these  largely  preponderate, 
the  conjecture  is  certainly  justified  that  the  micro-organisms  may  have 
something  to  do  with  their  incitement.  Yet  in  all  such  cases  we  have  to 
consider  the  possibility  that  it  is  the  abnormal  state  of  the  body  or  the 
character  of  a  lesion,  brought  about  perhaps  in  other  ways,  which 
affords  conditions  suitable  for  the  growth  of  this  form  of  bacteria,  and 
that  these  may  consequently  be  present  in  considerable  numbers,  while 
in  the  absence  of  such  conditions  they  would  be  unable  to  develop. 
Even  the  constant  presence  in  the  body,  in  certain  diseases,  of  bacteria 

which  evidently  produce  well-marked  local  effects,  either  inflammatory 
or  degenerative,  does  not  absolutely  prove  their  etiological  relationship 
to  the  disease,  although  it  renders  it  in  a  high  degree  probable. . 

It  is  desirable  in  every  case  in  which  the  evidence  of  the  etiological 

relationship  of  a  specific  micro-organism  to  a  disease  is  to  be  set  forth, 
that  we  should  be  able  to  demonstrate  the  constant  presence  in  the  body 

of  the  special  form  of  micro-organism  during  some  period  of  the  disease, 
obtain  this  by  culture  in  a  pure  condition  unmixed  with  any  other  living 
thing  or  with  any  chemical  substance  not  belonging  to  it,  and  finally,  by 
the  introduction  of  the  purified  organisms  into  a  healthy  animal,  be  able 
to  induce  the  disease  in  some  definite  form.  When  all  this  is  done,  and 
not  before,  can  we  assert  that  the  evidence  establishing  the  causative 
relationship  between  a  given  form  of  bacteria  and  any  special  infectious 
disease,  is  entirely  at  our  command. 

But  the  fulfilment  of  these  strict  logical  requirements  is  very  diflBculi 
in  many  cases,  and  in  some,  apparently,  almost  if  not  quite  impossible; 
for  we  must  remember,  in  the  first  place,  that  the  lower  animals,  upon 
which  alone,  for  the  most  part,  inoculation  experiments  are  practicable, 
are  apparently  not  subject  to  certain  important  diseases  of  man;  and, 

second,  that  they  present  among  themselves  the  most  marked  differ- 
ences in  the  degree  and  manner  in  which  they  are  affected  by  inocula- 

tion with  pathogenic  bacteria.  Desirable  as  is  the  complete  fulfilment 

of  the  above  requirements  in  every  case,  it  must  be  admitted  that  a  rea- 
sonable certainty  regarding  the  bacterial  origin  of  a  given  disease  may 

sometimes  be  arrived  at  without  positive  results  from  the  inoculation 
of  the  bacteria  associated  with  its  lesions.  The  agglutination  test  and 
the  tests  for  specific  lytic  substances  or  opsonins  applied  under  proper 
conditions  may  afford  valuable  evidence  of  the  nature  of  an  infection 
(see  pp.  186  and  193). 

The  complete  demonstration  which  is  desirable  has  as  yet  been  fur- 
nished in  but  a  moderate  number  of  diseases.  In  many  others,  however, 

enough  has  been  done  in  the  way  of  study  and  experimentation  to  render 
it  altogether  certain  that  they  are  infectious  and  to  establish  beyond 
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reasonable  doubt  the  identity  of  the  micro-organism  or  micro-organisms 
involved. 

CONDITIONS  mFLUENCING  THE   OCCURRENCE   OF  INFECTIOUS  DISEASES. 

Conditions  of  the  Body. — It  has  been  learned  as  a  result  of  a  great 
deal  of  observation  and  experiment,  that  although  certain  diseases  arc 
always  associated  with  the  presence  and  growth  in  the  body  of  particular 

species  of  micro-organisms,  there  are  still  various  other  accessory  factors 
which  have  an  important  bearing  upon  the  inception  and  course  of  the 
diseases.  Thus,  while  the  presence  in  the  body  of  a  particular  species  of 

micro-organism  is  the  most  significant  and  fundamental  of  the  determin- 
ing agencies  in  the  infectious  diseases,  the  numbers  in  which  they  are 

present — i.e.,  the  size  of  the  dose — and  the  varying  virulence  which  the 
same  species  under  different  conditions  possesses,  as  well  as  the  varying 
capacity  of  resistance  to  the  incursions  of  the  germs  which  the  body-cells 
at  different  times  and  under  differing  conditions  exhibit,  are  all  factors 
of  the  greatest  moment. 

Malnutrition,  mental  or  physical  overwork,  injuries,  bad  hygienic 
surroundings,  the  abuse  of  alcohol  and  other  forms  of  intemperance,  as 
well  as  many  other  conditions  which  lead  to  deterioration  in  the  general 
health,  are  often  decisive  factors  in  determining  the  intensity  or  even 
the  occurrence  of  the  diseases  due  to  bacterial  incitement.  It  is  thus 

clear  that  the  action  of  a  given  germ  in  the  living  body  depends  only  in 

part  upon  its  intrinsic  capacities — which  in  themselves  are  very  variable 
— but  also  and  in  marked  degree  upon  the  capacities,  also  variable, 
which  exist  at  the  moment  in  the  body-cells  among  which  the  lot  of  the 
germs  is  cast. 

It  should  be  always  borne  in  mind  that  the  human  body  is  a  great 

aggregate  of  groups  of  co-ordinated  cells  which,  under  normal  conditions, 
all  act  in  harmony  for  the  maintenance  of  the  life  and  functions  of  the 
individual.  The  cells  and  cell  communities  in  health  not  only  do  this, 
but  they  have  the  power  of  resisting  and  to  a  certain  extent  overcoming 
various  deleterious  agencies  to  which  the  body  is  more  or  less  constantly 
liable. 

What  we  call  hereditary  or  acquired  predisposition  to  an  infectious 
disease,  such  as  tuberculosis  for  example,  is  simply  a  lack  of  the  usual 

capacity  of  the  cells  of  the  body — whether  through  a  structural  or  physi- 
ological fault  we  do  not  yet  know — to  cope  with — that  is  successfully  to 

adapt  themselves  to — the  destructive  tendencies  of  the  living  micro- 
organisms when  once  these  gain  a  foothold  in  the  body. 

Conditions  of  the  Micro-organisms. — On  the  other  hand,  the  varying 
potencies  of  the  bacterial  species  concerned  in  a  given  infection,  which 
are  linked  especially  to  their  toxins,  and  the  influence  of  environment 
upon  these,  exalting  or  reducing  them,  as  the  germs  adapt  themselves  to 
antagonistic  or  to  congenial  hosts;  the  origin  of  the  strains  and  the 

numbers  involved — these  are  all  factors  in  virulence  of  supreme  impor- 
tance, but  our  space  does  not  permit  us  to  consider  them  further  here. 

We  thus  see  that,  in  studying  the  conditions  under  which  infectious 
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diseases  occur,  the  work  is  by  no  means  complete  when  the  bacterial 
species  which  incites  the  disease  has  been  discovered,  but  that  then  the 
more  obscure  determining  and  influencing  agencies  must  be  worked  out 
in  each  case.^ 

Infection  and  Immunity. 

INFECTIOUS  DISEASE  AND  THE  NATURE  OF  INFECTION. 

Infectious  diseases  are  those  which  are  incited  by  the  entrance  into  the 

body  and  proliferation  there  of  pathogenic  micro-organisms.  Infection 
is  the  act  or  process  by  which  such  diseases  are  incited.  The  process  of 

infection  is  ''the  interaction  between  the  organism  and  the  micro- 

organism.'.' 
In  the  more  exact  usage  of  the  words  ''infectious"  and  "infection" 

which  our  new  knowledge  demands,  it  is  customary  and  convenient  to 

limit  the  term  "micro-organism"  to  the  fungi — bacteria,  yeasts,  and 
moulds — and  to  the  protozoa  representing  the  animal  kingdom,  exclud- 

ing altogether  the  entozoa  and  other  animal  parasites.* 
The  modern  conception  of  infection  implies  the  presence  in  the  body 

of  the  living  micro-organisms  themselves;  that  is,  of  something  capable 
of  multiplication,  or  at  least  of  reproduction  and  development,  and  not 
alone  of  the  poisons  which  they  may  and  usually  do  produce.  It  is 
customary  to  look  upon  the  effects  of  the  absorbed  poison  which  micro- 

organisms furnish  as  intoxications,  whether  these  poisons  be  formed 
inside  the  body  in  infectious  diseases  and  in  other  conditions,  or  outside 
of  it  and  subsequently  introduced.  That  condition  in  which  there  is 

evidencje  of  wide  distribution  of  pathogenic  micro-organisms  and  their 
products  in  the  blood  is  called  septicoemin  (see  p.  203). 

It  is  evident  from  what  has  been  said  that  infectious  disease  cannot 

exist  without  the  presence  in  the  body  of  micro-organisms.  But,  on  the 
other  hand,  micro-organisms  can  and  do  frequently  exist  in  the  body 
without  the  incitement  of  infectious  disease.  Whether  a  micro-organ- 

ism be  pathogenic  or  not  depends  upon  the  variable  susceptibilities  of 

the  host  as  well  as  upon  its  own — also  variable — nature  and  qualities. 
No  micro-organism  is  intrinsically  pathogenic;  the  very  conception 
implies  a  relationship.  This  obvious  fact  is  overlooked  by  those  who  see 

in  the  micro-organisms  alone  the  essential  specific  features  of  infectious 
diseases;  who  would  classify  these  diseases  exclusively  by  the  nature  of 

their  excitants,  and  who  look  upon  the  latter  as  the  true  "causes"  of 
the  phenomena  through  which  disease  is  manifested  (see  p.  5). 

INCUBATION  PERIOD. 

It  is  characteristic  of  infection  that  a  certain  time  elapses  between 
the  entrance  of  the  infective  agent  and  the  manifestation  of  symptoms 

^  For  a  r^sunU  of  tho  nature  and  conditions  of  infection,  see  TT'^assrrminn,  Kolle  and  Wassermann's 
"  Handbuch  der  MikroorKanismen,"  Bd.  i.,  p.  223,  bibl.:  for  a  .study  of  the  general  reaction  of  the  body 
in  infection  see  Blumenlhal,  ibid.,  p.  326. 

'■*  With  thi.8  .«»omewhat  arbitrary  limitation,  neither  trichinosis  nor  scabies,  for  example,  would  be 
considered  an  infectiou.s  disease,  although  they  are  often,  for  the  lack  of  a  distinctive  word,  thus  desig- 
nated. 
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or  the  development  of  lesions.  This  interval  is  called  the  *' incubation 
period"  of  the  infection  and  varies  with  different  infective  organisms. 
This  incubation  period  is  that  time  during  which  the  micro-organisms 
are  increasing  sufficiently  in  number  or  virulence  in  the  body  to  induce 
symptoms  and  lesions  or  are  passing  through  developmental  cycles 
marking  their  adaptation  to  the  environment  furnished  by  the  host. 

FORMS  OF  INFECTION. 

Mixed  or  Concurrent  Infection. — It  should  be  borne  in  mind  that  the 
body  which  is  already  the  seat  of  an  infectious  disease  is  usually  espe- 

cially susceptible  to  the  action  of  other  pathogenic  germs,  should  these 
once  gain  entrance;  and  also  that  the  lesions  which  are  associated  with 
many  of  the  infectious  maladies  afford  portals  of  entry  through  the  skin 
or  mucous  membranes  to  other  micro-organisms,  against  the  entrance  of 
which  the  healthy  body  opposes  most  efficient  barriers.  In  fact,  we  now 

know  that  the  action  of  two  or  more  pathogenic  micro-organisms  in  the 
body  at  the  same  time  is  of  very  frequent  occurrence,  many  of  the 

so-called  complications  of  the  infectious  diseases  being  due  to  secondary 

infection  wuth  a  new  germ  species.  Numerous  examples  of  this  "  mixed  " 
or,  better,  ''concurrent,"  infection  are  noticed  in  other  parts  of  this 
book.^ 

Many  important  facts  have  been  revealed  by  the  study  of  bacterial 
association  in  cultures  as  well  as  in  infectious  diseases  of  men  and  ani- 

mals which  cannot  here  be  considered.^  It  may  be  said  in  general  that 
in  animals  as  in  man  concurrent  infection  with  a  second  micro-organism 
increases  the  gravity  of  the  original  situation.  On  the  other  hand,  cer- 

tain experiments  seem  to  indicate  that  sometimes  the  concurrent  action 

of  a  second  germ — streptococcus,  for  example,  with  the  anthrax  bacillus 
— may  render  a  virulent  organism  comparatively  innocuous.  But  the 
conditions  of  the  experiments  are  in  either  case  so  complex  that  the  full 
significance  of  many  curious  phenomena  is  not  yet  apparent. 

Congenital  Infection. — Infection  of  the  foetus  through  such  lesions  of 
the  placenta  as  permit  of  the  passage  of  pathogenic  micro-organisms  from 
the  blood  of  the  mother  to  that  of  the  child  is  of  occasional,  but  not 
frequent,  occurrence.  While  the  barriers  against  such  transmissions  are, 

under  normal  conditions,  effective,  disturbance  in  the  placental  circula- 
tion, lesions  of  the  vessel  walls  or  of  the  tissues  and  covering  of  the 

chorionic  villi  favor  it.  But  infection  may  occur  without  demonstrable 
evidence  of  such  lesions.  Thus  foetal  infection  is  known  to  have  occurred 

in  various  phases  of  suppurative  inflammation,  in  tuberculosis,  typhoid 

fever,  anthrax,  syphilis,  the  exanthematous  fevers,  etc.  There  is  con- 
siderable evidence  that  rarely  the  tubercle  bacillus  may  be  transmitted 

*  For  bibliography  of  mixed  infection  see  Bemheim  and  Gruber,  Lubarsch  and  Ostertag's  "Ergeb- 
nime,"  Jahrg.  2,  for  1895,  p.  1;  also  Waasermann,  in  Kolle  and  Wassermann's  "  Handbuch  der  Mikro- 
organisinen,"  Bd.  i.,  p.  :J07. 

'Consult  Th.  Smith,  Trans.  Assn.  Am.  Phys.,  vol.  ix.,  p.  85,  1894;  abo  Moore,  "Pathology  and 
Differential  Diagnosis  of  Infectious  Disease'*  of  Animals,"  1906. 
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from  mother  to  oflFspring,  and  remaining  for  a  time  inactive  may  later 
induce  the  characteristic  lesions.^ 

Terminal  Infection. — The  victims  of  chronic  disease  of  the  heart, 
blood-vessels,  kidneys,  liver,  etc.,  are  particularly  susceptible  to  the 
incursions  of  pathogenic  micro-organisms  and  to  infectious  diseases  of 
one  kind  or  another.  Such  persons,  with  or  without  definite  lesions, 
are  in  fact  liable  finally  to  succumb  to  the  complicating  disease.  The 

phrase  ̂ 'terminal  infection^'  has  been  applied  by  Osier  and  others  to 
this  concurrence  of  diseases  of  such  different  nature,  in  which  the  chance 

infection  of  a  vulnerable  organism  is  so  apt  to  prove  fatal.' 
Great  care  is,  however,  necessary  in  determining  the  significance  of 

the  various  forms  of  bacteria  which  may  be  present  in  the  body  after 
death.  Not  only  may  bacteria  develop  to  a  considerable  extent  in  the 
body  during  the  hours  which  precede  death  when  the  natural  protective 
agencies  arc  halting  or  abeyant,  but  this  may  occur  without  such  a 
reaction  on  the  part  of  the  body  cells  as  is  necessary  to  constitute  an 

actual  infection.  Furthermore,  multiplication  and  distribution  of  bac- 
teria in  the  body  after  death  is  of  frequent  occurrence  and  must  in  every 

case  be  taken  account  of  in  weighing  the  evidence  for  terminal  infection.' 

COMMUNICABILITY  OF  INFECTIOUS  DISEASES. 

It  is  important  in  practical  dealings  with  the  infectious  diseases  to 
consider  them  in  the  light  of  the  relative  liability  of  transmission  of  the 
actually  known  or  assumed  micro-organisms  from  diseased  to  healthy 
individuals. 

In  the  first  place,  it  should  be  borne  in  mind  that  the  lower  animals 

are  insusceptible  to  the  ravages  of  some  of  the  micro-organisms  which 
readily  incite  infectious  disease  in  man.  Thus  the  lower  animals  are, 
so  far  as  we  know,  naturally  immune  to  syphilis.  To  certain  diseases  of 
the  lower  animals,  on  the  other  hand,  man  is  not  subject.  But  to  certain 
other  infectious  diseases,  tuberculosis  for  example,  both  men  and  lower 
animals  are  susceptible,  and  both  are,  in  fact,  under  the  prevailing  con- 

ditions of  modern  life,  frequent  victims. 
So  far  as  the  liability  to  the  transmission  of  the  infectious  agents  from 

man  to  man  is  concerned,  there  is  a  very  marked  and  significant  differ- 
ence between  the  infectious  diseases.  It  is  common  usage  to  speak  of  the 

transmission  or  communication  of  disease,  as  if  disease  were  a  self-exist- 
ent thing.  This  usage  fosters  much  loose  thinking.  What  w^e  call  dis- 

ease is  a  process  involving  a  departure  from,  failure  in,  or  perversion 
of  normal  physiological  action,  either  in  the  material  constitution  or  in 
the  functional  integrity  of  the  living  organism.  When,  therefore,  we 

speak  of  the  transmission  or  communication  of  disease,  w^hat  we  really 
mean  is  not  that  the  disease,  but  the  agent  capable  under  suitable  con- 

ditions of  inciting  the  disease,  is  transmitted  or  communicated.     If  we 

^  For  bibliography  and  summary  of  foetal  infection  see  Litbarsch,  "Ergebnisse  der  allg.  Aetiolc^ie 
dcr  Mcnschen-  und  Thierkrankheiten,"  Jahrg.  i.,  p.  427,  1895;  also  Fischl,  in  Grancher,  Cotnby,  and 
Mar/an's  "Traits  des  Maladies  de  I'Enfance,"  t.  i.,  p.  454,  bibl. 

'  For  a  study  of  this  class  of  cases  see  Flexner,  Trans.  Assn.  Am.  Phys.,  vol.  xi.,  p.  229,  1896. 
'  Consult  Achard  and  PhiUpin,  Arch,  de  m6d.  exp^rimentale,  vol.  vii.,  p.  25,  1895. 
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hold  this  obvious  implication  in  mind,  it  is  useful  to  group  the  infectious 
diseases  of  man  into  two  great  primary  classes:  1st,  Those  which  under 
the  usual  conditions  of  life  are  not  readily  communicable.  2d,  Those 
which  under  the  usual  conditions  of  life  are  readily  communicable. 

But  while,  for  convenience,  we  may  speak  of  non-communicable  and 
communicable  infectious  diseases,  we  should  remember  that  these  two 
classes  merge  into  each  other,  and  that  in  fact  the  agents  of  infection 
may  at  least  artificially  in  all  cases  be  conveyed  from  one  individual  to 
another.  It  is  only  when  the  conveyance  under  natural  conditions  occurs 

in  a  round-about  way,  or  through  intermediary  agencies,  such  as  the 
mosquito  for  example,  in  malaria  or  yellow  fever,  that  one  may  advis- 

edly speak  of  non-communicable  infectious  diseases. 
Among  the  communicable  infectious  diseases  there  exists  the  widest 

difference  in  the  liability  to  transmission  under  ordinary  circumstances. 
Thus  the  infectious  agents  in  smallpox  and  scarlatina  are  given  off  from 
the  body  under  such  conditions  as  render  possible  and  frequent  their 
direct  transmission  through  the  air  to  another  individual.  In  syphilis, 
tetanus,  and  rabies,  on  the  other  hand,  transmission  of  the  infectious 
material  is  rare  or  impossible  without  a  direct  inoculation. 

Between  these  extremes  the  widest  diversity  exists  in  the  liability  to 
transmission  of  the  infectious  agents  of  the  diseases  of  this  class.  In 
fact  the  liability  to  infection  on  the  part  of  a  healthy  individual  in  the 
presence  of  a  victim  of  infectious  disease  is  largely  dependent  upon  the 
intelligent  care  which  is  exercised  in  the  disposition  of  the  material  con- 

taining the  pathogenic  micro-organism  which  in  one  way  or  another  the 
infected  body  sets  free. 

So  that  while  it  may  be  useful  to  arrange  the  communicable  infectious 
diseases  in  groups,  or  in  such  serial  order  as  may  indicate  the  degree  of 
communicability  of  each  under  the  ordinary  conditions  of  life,  it  should 
always  be  borne  in  mind  that  this  classification  is  not  fundamental  as  is 
that  by  which  the  infectious  diseases  as  a  whole  are  set  apart  from  other 
diseases,  but  is  closely  dependent  upon  the  sanitary  conditions  under 
which  each  case  may  be  placed.  Thus  tuberculosis,  or  diphtheria,  or 
pneumonia  may  be  high  on  the  list  as  readily  communicable  if  the 
patient  be  housed  in  a  crowded  tenement  with  ignorant  or  careless  attend- 

ants, while  if  subjected  to  the  intelligent  ministry  of  sanitary  science 

these  diseases  may  be  accounted  as  relatively  slightly  communicable.^ 
Communicable  infectious  diseases  sometimes  affect  a  considerable 

number  of  persons  in  a  community.  This  constitutes  an  epidemic^  and 
the  term  epidemic  disease  is  used.  So  also  if  an  infection  is  constantly 
present  in  a  certain  locality  it  is  said  to  be  endemic.  The  term  pandemic 
is  used  to  indicate  the  involvement  of  persons  all  over  a  large  territory 
in  a  particular  infectious  disease. 

1  Before  the  knowledge  of  pathogenic  micro-oiiganisms  had  become  precise,  readily  communicable 
diseases  were  called  contagious  in  a  rather  loose  and  ill-defined  way,  and  the  unknown  excitant  was 
called  the  contagium.  The  word  "contagious"  is  still  used,  in  various  senses,  to  the  detriment  of 
science.  We  can  get  along  well  enough  without  it  by  the  use  of  the  word  "communicable"  as  above 
indicated.  But  if  it  must  still  be  cherished  it  might  be  wisely  limited  to  the  exanthemata,  whose  incit- 

ing agents  are  more  readily  and  commonly  transmitted  through  the  air  from  the  body  of  the  patient 
than  are  those  of  any  of  the  other  infectious  maladies. 
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IMMUNITY. 

Nature  and  Forms  of  Immunity. 

We  have  seen  that  an  infectious  disease  is  one  incited  by  the  entrance 

into  the  body  and  proliferation  there  of  pathogenic  micro-organisms ^  and 
that  infection  is  the  act  or  process  by  which  such  a  disease  is  incited. 

The  fact  that  all  animals  are  not  equally  susceptible  to  the  ravages  of 

pathogenic  micro-organisms,  and  that  in  man  an  individual  and  often  a 
changing  predisposition  or  invulnerability  to  the  incursions  of  these 
organisms  exists;  the  further  observation  that  one  attack  of  an  infectious 
disease  often  protects  the  victim  for  a  longer  or  shorter  time  against  a 
recurrence;  finally,  the  fact  that  recovery  is  ever  possible  when  once 

self-multiplying  disease-producing  germs  have  obtained  a  foothold  in  the 
body — all  these  facts  and  observations  are  of  such  singular  import  and 
interest  that,  especially  of  late  years,  there  has  been  much  study  on 

the  nature  of  the  agencies  which  the  body  brings  into  play  in  establish- 
ing immunity  in  the  face  of  microbic  invasion,  and  in  coping  with  the 

various  deleterious  factors  at  work  when  once  a  foothold  is  obtained. 

The  scope  of  this  book  does  not  permit  us  to  enter  in  detail  into  this  most 
fascinating  and  important  field.  We  can  give  only  a  brief  summary  of 
some  of  the  more  important  features. 

Immunity  is  insusceptibility ^  or  capacity  for  resistance  on  the  part  of 
the  body  to  disease  or^  in  the  more  limited  sense^  to  infection  or  intoxication 
or  their  effects. 

If  we  recall  the  ways  in  which  bacteria  damage  the  organism,  it  will 

be  evident  that  immunity  may  be  due  to  the  fact  that  the  micro-organ- 
isms in  question  simply  do  not  proliferate  in  the  body,  failing,  even 

should  they  gain  entrance,  to  find  the  necessary  conditions.^  On  the 
other  hand,  though  the  conditions  be  in  general  favorable,  substances 
may  exist  or  be  formed  in  the  body  which  destroy  the  invading  germs. 
In  other  words  these  may  at  once  or  soon  be  disposed  of  by  germicidal 
substances,  either  in  cells  or  in  solution  in  the  body  fluids. 

Or,  the  toxic  substances  which  micro-organisms  set  free,  as  in  the 
process  of  their  nutrition  they  decompose  organic  ingredients  of  the  tis- 

sues or  body  fluids,  may  be  rendered  inert  by  further  j:lecomposition  or 
combination  with  substances  present  or  formed  in  the  tissue  fluids.  Or, 
furthermore,  the  cells  which  are  susceptible  to  the  presence  of  the  toxins 
may  become  less  vulnerable  by  adaptation  to  the  deleterious  effects  of 
the  latter.  Thus  by  a  total  unsuitability  of  the  tissues  or  of  the  general 
conditions  to  bacterial  growth;  by  destruction  of  the  invading  germs; 
by  neutralization  or  destruction  of  toxins;  or,  finally,  by  a  capacity  of 
resistance  or  tolerance  won  through  adaptation  to  a  new  and  intrinsically 
harmful  environment,  we  may  conceive  of  conditions  which  in  a  measure 
account  for  the  known  phenomena  of  immunity. 

'  For  a  most  suRRostivp  and  valuable  paper  on  the  adaptation  of  pathogenic  bacteria  to  different 
species  of  animals  see  Theobald  Smith,  Philadelphia  Medical  Journal,  May  5th,  1900. 
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Immunity  from  an  infectious  disease  may  be  natural  or  hereditary.' 
The  absolute  or  relative  insusceptibility  of  turtles  and  fishes  for 

tetanus,  of  rats  for  anthrax,  and  of  the  lower  animals  for  syphilis  and 
for  scarlatina,  are  examples  of  hereditary  or  natural  immunity  which  we 

need  not  further  consider  here.  Immunity  is  variable  and  rarely  abso- 
lute, and  is  subject  to  individual,  as  well  as  racial,  variation. 

On  the  other  hand,  immunity  may  be  acquired.  Acquired  immunity 
may  be  secured  by  an  attack  of  the  disease  from  which  the  individual 

has  recovered — natural  immunization.  Or,  immunity  may  be  acquired 
by  the  introduction  into  the  body  of  some  material  which  gradually 

diminishes  susceptibility  without  inducing  distinct  disease — artificial 
immunization.  Acquired  immunity  may  be  transmitted  from  parent  to 
offspring. 

Most  of  the  infectious  diHcases  appear  to  confer  a  certain  degree  of 

in.'iusceptibility  to  subsoqucnt  attacks  of  the  same  disease,  though  this 
may  be  partial  and  temporary.  But  the  exanthemata  afford  the  most 
striking  examples  of  acquired  immunity  after  an  attack  of  infectious 
disease. 

Let  ua  now  look  more  closely  at  some  of  the  ways  in  which  the  body 
may  thus  protect  itself  from  the  consequences  of  infection. 

It  is  well  known  that  bacteria  artificially  introduced  into  the  blood 
of  animals  may,  after  a  short  time,  wholly  disappear  from  the  circulating 

fluid,  and  be  found  in  large  numbei-s  in  leucocytes  and  other  cells.  We 
have  already  seen  in  the  study  of  inflammation  (see  p.  98)  that  cer- 

tain cells  of  the  bc<ly  are  capable  of  taking  up  not  only  various  kinds  of 

alien  substances,  but  ako  micro-organisms  which  enter  the  tissues,  into 
their  cytoplasm  (Fig.  05  p.  100)  and  may  there  kill  and  destroy  them 
(Fig.  105).  This  mode  of  destruction  of  micro-organisms,  largely  by 
leucocyte.i,  but  also  by  other  mesodermal  cells,  which  when  thu.s  engaged 
are  called  phagocytes  (see  p.  99),  plays  a  most  important  part  in  the 
establishment  of  immunity.  On  the  other  hand,  certain  ingredients 

of  the  body  fluids,  formerly  called  alexins  or  "defensive  proteids," 
acting,  outside  of  cells,  have  been  shown  to  possess  marked  germicidal 

'For  b' study  of  the  thwrics  of  natunil  immunity  see  MMIrr.  "Infectbn  u.  ImmuDiUI,"  1004. 
For  a  aludy  with  bibi.  of  the  pnHrrlive  propcssi-a  in  natural  immunity-,  see  A'l.jldU,  Zeits.  f,  H>-g.  u. 
Infkr.,  Bd.  siv.,  p.  I.  and  ibid.,  xhii..  f,.  Mi.  1<)U4.     For  a  study  of  inherileil  immunity  sec  iCl«W  Bad 
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powers.  While  thus  it  might  appear  that  two  fairly  distinct  agencies 

are  of  importance  in  enabling  the  body  to  resist  the  incursions  of  path- 

ogenic germs — cellular  or  "phagocytic/'  and  what  may  be  called  "hu- 
moral" or  chemical — it  is  obvious  that  ultimately  whatever  destructive 

power  the  body  possesses  toward  micro-organisms  must  be  due,  directly 
or  indirectly,  to  cell  activities.  This  phase  of  immunity  has  been  char- 

acterized as  (mti'tmcrobic ,  unti-bacierial ,  or  bacteriolytic  immunity^ 
because  it  is  a  mode  of  protection  in  which  bacteria  are  destroyed  or 
their  growth  in  the  body  is  limited  or  prevented. 

Not  less  important  is  another  phase  of  immunity — antitoxic  immunity 
— by  which  the  body  protects  itself  against  the  toxic  substances  through 
which,  in  many  instances,  the  most  serious  manifestations  of  infection 
occur. 

These  two  forms  of  immunitv — antitoxic  and  anti-bacterial  or  bac- 
teriolytic — will  be  considered  in  detail  in  a  following  section. 

Furthermore,  the  microbic  toxins  which  are  set  free  by  the  micro- 
organisms, like  other  poisons,  may  be  eliminated  together  with  the  waste 

products  of  body  metabolism  through  the  kidneys,  skin,  etc. 

Artificial  Immunization. 

General  Methods  and  Principles  of  Artificial  Immunization. — It  was 
not  possible  to  gain  a  clear  conception  of  the  factors  entering  into  the 
complex  problems  of  immunity  until  animal  experimentation  had 
revealed  a  host  of  significant  facts  bearing  directly  upon  questions  which 
for  a  long  time  had  seemed  insoluble.  It  has  been  found  as  the  result 
of  experimental  researches  that  artificial  immunity  can  be  secured  by 
gradually  rendering  the  body  tolerant  to  the  presence  of  the  infective 
or  toxic  agencies  without  actually  inciting  the  characteristic  specific 
disease. 

/.  In  one  class  of  procedures  artificial  immunity  is  secured  directly  or 
indirectly  through  the  action  in  the  body  of  bacteria  or  other  microbes  or 
microbic  poisons  whose  virulence  has  been  in  one  iray  or  another  reduced 
but  not  rendered  altogether  inert;  or  by  the  action  on  relatively  insusceptible 

animals  of  microbes  or  microbic  poisons  of  unimpaired  virulence.  Im- 
munity induced  in  this  way  as  the  result  of  direct  adaptation  of  the  body 

cells  to  the  new  conditions  is  called  active  immunity. 

1.  Active  immunity  to  particular  forms  of  infectious  disease  may  be  conferred  by 
inoculation  irith  culture.^  of  the  germ  inciting  the  infection  whcse  virulence  has  been  artifi- 

cially reduced — attenuated  cultures.  This  reduction  of  virulence  may  be  accomplished 
in  various  ways:  by  cultivation  at  temperatures  above  their  optimum;  by  successive 
inoculations  into  insusceptible  animals;  by  prolonged  artificial  cultivation  in  the  pres- 

ence of  oxygen;  by  exposure  to  certain  inorganic  chemical  substances,  as  the  diphtheria 
bacillus  to  trichlorid  of  iodine,  anthrax  to  bichromate  of  potash,  etc.;  by  exposure  of 
cultures  to  organic  extracts  or  products  of  animal  or  vegetable  cell  metabolism;  by 
drying  (hydrophobia),  or  by  exposure  to  sunlight;  by  killing  the  germs  by  heat,  using 
for  injection  emulsions  of  their  dead  bodies  containing  the  so-called  endotoxin;  and 
in  other  ways. 

With  the  virulence  of  the  micro-organisms  reduced  in  varying  degrees  in  one  or 
other  of  the  ways  just  mentioned,  the  gradual  habituation  of  the  bodies  of  animals  to 
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the  presence  of  pathogenic  germs  may  be  pursued  until  cultures  of  full  virulence  are 
tolerated.* 

2.  Active  immunity  may  be  conferred  by  the  injection,  in  gradually  increasing 
doses,  of  the  metabolic  products  of  bacterial  growth^  either  with  or  without  the  dead 

bodies  of  the  germs  themselves — the  baciUi  of  typhoid  fever,  for  example.  The  pri- 
mary virulence  of  these  usually  toxic  products  of  microbic  growth  may  be  in  various 

ways  diminished,  by  heating,  by  mixing  with  organic  extracts  such  as  that  of  the  thy- 
mus gland,  or  with  an  inorganic  chemical  substance  such  as  trichlorid  of  iodine,  or  by 

small  doses  of  the  already  prepared  antitoxin — see  below. 
3.  Active  immunity  may  be  secured  in  some  cases  by  the  inoculation  of  animals, 

which  are  but  moderately  susceptible  to  the  species  employed,  with  small  but  increas- 
ing quantities  of  germs  having  unimpaired  mrulence.  Under  these  conditions  the 

animal  becomes  less  and  less  responsive  to  the  germ,  until  finally  it  may  display  no 
reaction  aft«r  a  quantity  of  the  virulent  culture  which  at  first  would  have  been  in- 

evitably fatal. 
Immunization  in  man  by  the  direct  use  of  dead  bacteria  or  bacterial  poisons  or  of 

virus  of  diminished  virulence  has  been  largely  practised  in  typhoid  fever,  cholera,  and 
hydrophobia. 

In  active  immunity  the  protective  material  is  elaborated  by  the 
immunized  individual,  the  process  requires  considerable  time,  and  the 
effect  lasts  for  a  considerable  period. 

II.  In  a  second  class  of  procedures  artificial  immunity  is  secured  by  the 
direct  mingling  qf  the  body  fluids  from  an  individual  already  immunized  in 
some  of  the  above  ways^  with  those  of  the  indixndual  to  be  protected.  Im- 

munity secured  in  this  way,  in  which  the  immunizing  substance  used  has 
been  elaborated  by  another  individual,  is  called  passive  immunity. 

1.  Extracts  of  various  organs  and  tissues  of  animals  suffering  from  infectious  dis- 
ease rendered  germ-free  and  injected  into  healthy  animals,  have  been  found  in  some 

cases  to  confer  a  certain  degree  of  immunity. 
2.  The  blood  serum  of  animals  naturally  immune  to  a  particular  infectious  disease 

has  been  found,  on  injection  into  those  which  are  susceptible  to  the  same  disease,  to 
impart  in  some  cases  a  certain  degree  of  insusceptibility. 

3.  The  blood  serum,  finally,  of  animals  which  have  been  rendered  in  one  way  or 
another  artificially  immune  to  certain  diseases,  if  introduced  under  proper  conditions 
into  another  susceptible  animal,  has  been  found  not  only  to  confer  a  temporary  immu- 

nity, but,  if  administered  to  an  already  stricken  individual,  to  aid  him  in  the  most 
marked  and  efficient  way  to  overcome  the  deleterious  agencies  at  work. 

The  use  of  blood  serum  of  artificially  immunized  animals  for  this  purpose  is  of  far 
greater  practical  importance  than  either  of  the  methods  1  or  2. 

In  passive  immunity  the  protective  material  is  furnished  ready  made, 
the  effect  is  secured  at  once  and  is  temporary. 

Antitoxic  Immunity. 

It  appears  from  a  study  of  the  results  of  artificial  immunization,  as 
well  as  of  the  immunity  which  is  involved  in  the  natural  recovery  from 
infectious  disease,  that  one  of  the  ways  in  which  immunity  is  secured  is 

'  On  the  contrary  the  virulence  of  a  particular  strain  of  pathogenic  bacteria  may  be  exalted  by  a 
series  of  " passages"  through  a  susceptible  animal.  When  the  infection  from  inoculation  has  developed 
in  the  first  animal,  cultures  derived  from  it  are  used  to  infect  a  second,  and  so  on  through  a  series  of 
'*  passages." 

In  this  way,  it  is  assumed,  the  self-protective  adaptations  of  the  bacteria  are  made  evident  in  the 
increasing  potency  of  the  toxins  which  they  produce,  the  toxins  bcine  one  of  the  important  factors  in 
virulence.  ' 
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by  the  formation  of  substances  in  the  body  fluids  which  in  some  way 

neutralize  or  suspend  the  action  of  toxins — antitoxic  Immtmity. 
Thus  in  diphtheria  and  tetanus  the  antitoxic  substances  are  largely 

developed,  while  in  many  other  infectious  diseases,  such  as  cholera  and 

typhoid  fever,  it  appears  to  be,  in  part  at  least,  through  the  bacterio- 
lytic substances  that  protection  is  secured.  While  in  many  instances 

both  of  these  types  of  protective  substances  may  be  formed  during  im- 
munization, one  or  the  other  is  usually  preponderant.^ 

The  antitoxic  substances  are  most  closely  related  to  the  globulins, 

but  beyond  this  their  chemical  nature  has  not  been  definitely  ascertained.' 
The  effect  of  antitoxin  in  the  blood  in  rendering  harmless  the  toxic 

substances  which  they  form  apparently  is  accomplished,  not  by  the 

destruction  of  the  toxins,  but  by  a  chemical  union  of  toxin  with  anti- 
toxin, whereby  the  former  is  deprived  of  its  capacity  to  injure  cells. 

The  knowledge  of  this  antitoxic  immunizing  action  of  specially 
endowed  blood  serum  has  been  most  fully  developed  in  diphtheria  and 
tetanus. 

During  the  growth  of  the  diphtheria  bacillus  in  nutrient  broth  a 
toxic  substance  is  developed  which  mingles  with  the  broth.  This  is 
called  diphtheria  toxin,  and  subcutaneous  injections  of  this  toxin  in 
animals — guinea-pigs,  for  example — prove  fatal,  in  appropriate  dosage, 
wuth  symptoms  and  lesions  similar  to  those  caused  by  inoculation  with 
the  living  germ.  It  has  been  found  that  by  repeated  injections  of  the 
diphtheria  toxin  in  susceptible  animals,  at  first  with  small,  then  with 

gradually  increasing,  doses,  the  animal  may  at  length  become  so  insus- 
ceptible to  the  action  of  the  poison  that  many  times  the  usually  fatal 

dose  is  borne  without  sensible  reaction.  Similar  immunitv  can  be  con- 
ferred  in  certain  animals  by  the  use  of  the  living  cultures  of  the  diphtheria 
bacillus  either  fully  virulent  or  with  reduced  virulence  (see  p.  163), 
administered  at  first  in  small  doses  which  are  gradually  increased. 

In  whichever  way  immunity  be  conferred,  it  has  been  found  that  the 

blood  of  the  artificially  immunized  animal  contains  a  substance,  or  sub- 
stances, called  diphtheria  antitoxin,  which,  on  being  introduced  with  the 

blood  serum  into  other  susceptible  animals,  may  not  only  confer  a 

quickly  established  immunity — passive  immunity — but,  without  destroy- 
ing the  diphtheria  germ,  may  protect  against  its  toxic  effects  when 

the  disease  is  already  under  way.  Thus,  through  the  artificial  immuniza- 
tion of  horses  and  the  hypodermatic  use  of  the  serum  of  their  blood  in 

man,  the  so-called  ''serum  therapy''  has  assumed  a  very  important  and 
beneficent  r6le  in  the  prevention  and  treatment  of  diphtheria.' 

*  The  damage  or  destruction  of  bacteria  by  anti-bacterial,  batericidal,  or  bacteriolytic  subptan«* 
naturally  limits  or  prevents  the  formation  of  toxic  matcriab  by  the  micro-orKanisms,  although  the 
cells  of  the  body  may  be  ver>'  susceptible  to  the  action  of  these.  So  that  the  absence  of  evidence  of  the 
establishment  of  antitoxic  immunity  in  an  infectious  disease  may  mean,  not  that  the  body  is  incapable 
of  this,  but  only  that  no  opportunity  Ls  offered  for  its  development. 

2  See  Hiss  and  Atkijison,  Journal  of  Experimental  Medicine,  vol.  v.,  p.  47,  1900. 
'  The  antitoxic  value  or  power  of  each  specimen  of  antitoxic  serum  is  experimentally  determined 

by  finding  the  amount  of  the  serum  required  to  protect  the  test  animal  against  the  action  of  a  defin'W 
amount  of  toxin  of  known  strength.  Various  standards  have  been  adopted,  the  value  of  the  serum  bemg 

expressed  in  terms  of  the  "antitoxin  unit."  For  example,  in  the  determination  of  antitoxin  value xoaAt 
use  of  by  the  Department  of  Health  of  the  City  of  New  York,  an  antitoxin  unit  ia  the  amount  of  anti- 

toxic serum  required  to  protect  a  guinea-pig  weighing  250  grammes  from  death,  when  one  hundred  time* 
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Results  similar  to  those  obtained  in  the  study  of  diphtheria  antitoxin 
have  been  realized  in  the  investigations  of  tetanus.  But  the  practical 
value  of  the  tetanus  antitoxin  as  a  therapeutic  agent  is  less  obvious.  It 
has  been  shown,  further,  that  antitoxic  sera  may  be  developed  in  the  body 
during  immunization  to  snake  venom,  the  poison  of  the  spider  and 
scorpion,  vegetable  poisons,  such  as  ricin  and  abrin,  and  to  other 
albuminous  animal  and  vegetable  materials.  Thus,  also,  through 
experimental  adaptation,  the  living  body-cells  may  elaborate  and  set 
free  into  the  serum  substances  which  suspend  the  action  of  ferments, 
like  rennet,  pancreatin,  fibrin  ferment,  etc. 

Not  all  toxic  substances,  however,  are  capable  of  inciting  the  living 
body  to  the  formation  of  antitoxic  substances;  nor  are  these  apparently 
formed  in  such  considerable  amount  in  most  of  the  infectious  diseases, 
as  is  the  case  in  diphtheria  and  tetanus. 

The  action  of  these  antitoxic  substances  is,  within  certain  limits, 
specific;  that  is,  the  antitoxin  of  diphtheria  protects  against  diphtheria, 

that  of  tetanus  against  tetanus,  etc.^ 

EHRLICH'S  "SIDE-CHAIN"  HYPOTHESIS. 

We  have  seen  that  a  most  remarkable  series  of  facts  is  developed  by  our  studies  of 
infectious  diseases  illuminated  by  the  results  of  animal  experimentation.  When  the 
living  body  is  invaded  by  a  certain  toxic  complex  organic  material,  not  always  of  mi- 
crobic  origin,  the  body  adapts  itself  to  the  new  conditions  ])y  the  elaboration  of  sub- 

stances which  protect  it  from  the  action  of  that  poison.  Each  new  protective  sub- 
stance is  effective  against  the  particular  poison  which  induced  its  formation.  Not 

only  this,  but  if  the  blood  serum  containing  these  new  protective  substances  be  trans- 
ferred to  another  individual  the}'  protect  him  also — passive  immunity — against  the 

special  poison  which  called  them  forth  in  the  body  of  the  first. 
How  are  we  to  conceive  of  this  wonderful  adaptive  power  of  the  living  body  under 

conditions  which  seem  to  be  wholly  new  in  the  life  of  the  individual;  a  power  which 
at  first  appears  to  transcend  the  known  capacities  of  the  body-cells? 

This  singular  capacity  of  the  body-cells  to  develop  in  emergencies  apparently  new 
substances  has  naturally  given  rise  to  much  study  and  to  many  speculations  and  hy- 

potheses. The  scope  of  this  book  does  not  permit  even  of  enumeration  of  these.  But 

it  is  necessary  to  bring  forward  at  least  in  outline  the  so-called  **  side-chain  "  hypothesis 
of  Ehrlich  by  which  he  strove  to  account  for  the  phenomena  of  antitoxic  immunity  as 
exemplified  with  especial  clearness  in  diphtheria  and  tetanus.  Without  his  hypothesis 
we  are  to-day  still  practically  at  sea  in  our  views  of  the  nature  of  antitoxic  immunity, 
while  this  remarkable  capacity  of  the  body  to  manufacture  the  greatest  variety  of 
potent  specific  antidotes  to  the  most  subtle  and  virulent  poisons  becomes,  for  the  first 
time,  comprehensible  in  the  light  of  this  ingenious  conception.  It  is  now  several  years 

since  Ehrlich's  hypothesis  was  enunciated,  and,  whatever  may  be  its  merit  as  a  direct 
contribution  to  science,  there  can  be  no  doubt  that  it  has  been,  in  a  remarkable  degree, 
an  inspiration  to  the  most  fruitful  research.  It  is  practically  impossible  to  follow  the 
recent  work  on  immunity  without  a  knowledge  of  this  hypothesis  and  famiUarity  with 
the  nomenclature  to  which  it  has  given  rise. 

the  fatal  dose  of  diphtheria  toxin  is  mixed  with  the  serum  and  the  mixture  injected  subcutaneously  into 
the  animal.  The  usual  dose  for  human  administration  may  contain  from  three  hundred  to  six  thou- 

sand units. 

^  For  a  detailed  consideration  of  the  specificity  of  infectious  agents  see  Kolle  in  Kolle  and  Wasser- 
mann's  **Handbuch  der  MikroorRanismen,"  Bd.  i.,  p.  288. 

The  monograph  by  Citron,  "  Die  Methoden  der  Immunodiagnostik  und  Immunotherapie."  1910, 
contains  many  facts  of  practical  importance  in  the  application  of  theories  of  immunity;  while  Kraua 

and  Leraditi*  **  Handbuch  der  Technik  und  Methodik  der  Immunitatsfonschung,"  I  Enganz.,  1911, 
furnishes  a  most  valuable  survey  of  the  entire  subject  from  the  point  of  view  of  method. 

For  a  summary  of  the  ̂ e^ults  of  serum  therapy  see  Park,  Harvey  Lectures,  1905-06. 
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In  order  to  comprehend  the  hypothesis  of  Ehrlich  regarding  the  origin  and  nature 
of  antitoxin,  it  is  necessary  for  us  to  form  with  him  a  clear  conception  of  cell 
assimilation. 

We  conceive  of  the  cell  as  a  mechanism  for  the  storage  of  energy  derived  from 
without  and  for  its  release  under  definite  conditions.  This  storage  of  energ}^  is  possible 
through  the  assimilation  and  building  up  by  the  cell  of  complex  molecular  combina- 

tions. These,  owing  to  their  instability,  are  readily  stored  into  less  complex  and 
more  stable  combinations  with  the  release  of  the  stored-up  energy.  Thus  is  the  life  of 
the  cell  manifested. 

This  broad  conception  of  the  cell  is  a  purely  intellectual  one,  however,  for  the  de- 
tails of  cell  metabolism  still  elude  the  keenest  scrutiny  of  the  chemist.  He  cannot 

formulate  protoplasm  nor  express  its  chemical  changes  by  proportionate  symbols. 
Now,  accepting  this  condition  of  affairs  as  for  the  moment  inevitable,  Ehrlich 

seeks  to  express  his  view  of  the  character  of  the  cell's  performances  in  general  terms, 
disregarding  its  morphological  peculiarities,  somewhat  as  follows:  We  may  conceive  of 
the  cell  as  consisting  of  a  central  group  of  very  complex  molecular  combinations  which 
maintains  the  characteristics  and  special  capacities  of  the  cell  as  an  organism  under  all 
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Fio.  106. — Diagram  Illustrating  the  Action  of  Receptors  in  the  Nutrition  or  the  Cell. 
A,  Portion  of  cell  body;  a,  food  molecule;  6,  c,  d,  receptors. 

the  vicissitudes  of  its  existence.  Associated  with  this  central  organic  group  are  many 
and  various  subsidiary  atom-complexes  which  by  means  of  their  unsatisfied  aflfinities 
bring  the  central  group  into  relationship  with  food  material  through  those  chemical 
combinations  which  in  living  protoplasm  characterize  assimilation. 

These  unsatisfied  affinities  by  which  a.Svsimilable  material  is  fixed  or  united  to  the 

cell  have  been  called  ''side  chains,"  a  term  adopted  from  the  chemist.  Not  to  press 
too  closely,  however,  the  analogy  between  the  chemical  processes  in  lifeless  substances 

and  assimilation  in  living  matter,  these  aflfinities  or  ''side  chains"  of  protoplasm  are 
now  commonly  called  receptors. 

If  we  seek  to  illustrate  Ehrlich's  conception  we  shall  be  obliged  to  use  graphic 
figures  of  extreme  crudity.  If  the  arc  of  a  circle  in  Figure  106  represents  a  portion  of 
the  periphery  of  a  cell,  we  may  indicate  the  side  chains  or  affinities  or  receptors  by 
projections  whose  special  shape  shall  indicate  their  special  capacity  to  combine  with 
any  substance  coming  in  contact  with  them  under  favorable  conditions.  Suppose  in 
this  figure  we  let  a  represent  a  nutrient  molecule  which  is  capable  of  combining  with 



m 

THE    RELATIONS    OF    MICRO-ORGANISMS    TO    DISEASE  167 

the  receptor  6,  belonging  to  the  cell  A.  Through  its  union  with  6,  and  only  through 
this,  is  it  capable  of  entering  into  the  metabolism  of  the  cell.  This  molecule  a  cannot 

unite  with  the  receptor  c  ord,  but  only  with  such  receptors — to  use  the  crude  expression 
which  our  illustration  requires — as  it  fits.  Through  the  receptors  c  and  d  other 
forms  of  food  molecules  may  enter  into  the  metabolism  of  the  cell. 

Thus  it  is  in  Ehrlich's  conception,  which  after  all  is  only  a  graphic  way  of  illustrat- 
ing the  preliminary  phases  of  assimilation  by  Hving  protoplasm,  that  the  cell  is  capable 

of  selecting,  or  "fixing,"  out  of  the  host  of  various  substances  with  which  it  comes  in 
contact,  just  those  and  only  those  to  which  its  receptors  bear  a  definite  chemical 
relationship. 

The  same  thing  is  true  of  toxic  as  of  nutrient  substances.  In  order  to  be  toxic  to 
the  cell  they  must  enter  into  chemical  combination  with  a  suitable  receptor  of  the 
cell.  Then  only  can  they  lead  to  the  forms  of  damage  which  we 

are  here  considering.' 
As  the  result  of  many  studies  on  the  nature  and  eflfects  of        ̂ ^^^^ 

toxins,  Ehrlich  is  led  to  believe  that  the  toxin  molecule  con-       fl^         (^ 

sists  of  two  forms  of  affinities:  one  through  which  the  chemical        ̂ ^^^^^  L 
union  with  the  cell  is  effected — called  the  haptophorous  group;        \  "^   *^ 
and    the  other — called   the  toxophorous  group — by  which  the  »      T 

damage  to  the  cell  is  brought  about  when  once  the  toxin  mole-  [     ! 
cule  is  anchored  to  it.^  \1 

This  conception  may  be  illustrated  as  in  Figure  107,  in  which 

the  toxophorous  group  a  of  the  toxin  molecule  can  be  effective     illitstrating       Su" in   damaging   the  cell  only   when  united  to  the   latter  by  the     posed  Character  of 
haptophorous  group  b.  the  Toxin  Molecule. 

Having  now  conceived  of  the  living  cell  as  consisting  of  a  a,  Toxophoroiw  group; 

central  essential  complex  molecular  group,  brought  into  rela-  ̂ .  haptophorous  gruup. 
tionship  with  its  food  materials  by  means  of  a  great  number  of 
the  most  varied  receptors,  through  which,  under  normal  conditions,  assimilation  is 
secured,  let  us  see  what  may  happen  if  toxins  come  in  contact  with  living  cells  which 
are  furnished  with  receptors  capable  of  uniting  with  them. 

The  union  of  the  toxin  molecule  with  the  living  cell  being  effected,  the  cell  is  more 
or  less  damaged.  If  the  damage  be  sufficient,  the  cell  dies.  But  suppose  the  damage 
to  be  but  slight,  as  may  be  the  case  in  artificial  immunization  or  in  early  stages  of  an 
infection.  The  cell  is  at  least  deprived  of  the  useful  offices  of  the  receptor  to  which 
the  toxin  molecule  is  now  united.  This  is  in  itself  a  loss  to  the  cell,  and  through  the 
regenerative  impulses  common  to  all  living  cells  it  proceeds  to  regenerate  the  lost  part«, 
which  in  this  case  are  the  receptors.  But  as  more  receptors  are  thrown  out  of  function 
by  the  continued  action  of  the  toxin,  the  necessity  for  compensation  continues. 

Now  it  is  a  fact  long  known  to  pathologists,  and  especially  emphasized  by  Weigert, 
that  the  regenerative  impulse  is  apt  to  be  in  excess  of  the  obvious  requirements  and 
leads  to  overproduction  of  new  cells,  tissues,  chemical  substances,  etc.  This  is  what 

now  happens  to  the  cells,  some  of  whose  receptors  have  been  rendered  useless  by  com- 
bination with  the  toxin.  New  receptors  are  formed,  more  than  the  cell  recjuires;  so 

numerous  may  these  become  that  many  are  at  last  cast  off  into  the  blood.  Here  is  the 
point  at  last.  These  receptors  or  substances,  normal  and  useful  to  the  body,  but  now 

formed  in  excess  through  over-compensation,  and  set  free  from  the  cells  into  the  body  fluids, 
are  the  antitoxin. 

'  It  is  evident,  from  what  has  been  said  about  the  conditions  under  which  substances  can  be  toxic, 
that  the  natural  immunity  of  one  animal  to  a  given  agent  which  is  toxic  in  another  may  be  simply  due 
to  the  fact  that  the  cells  of  the  former  have  no  receptors  with  which  this  agent  can  unite,  or,  if  this 
union  does  take  place,  that  the  cell  is  not  thereby  damaged.  This  consideration  has  an  important  bear- 

ing upon  our  conception  of  natural  immunity. 

This  so-called  "fixing"  or  "  binding"  of  toxin  to  tissues  may  be  demonstrated  by  mixing  some  of 
the  potent  tetanus  toxin  with  fresh  brain  tissue  of  the  horse  or  guinea-pig,  whereupon  the  mixture,  if 
made  in  suitable  proportions,  become3  innocuous. 

'  Ehrlich  was  led  to  this  belief  in  the  complex  nature  of  the  toxin  molecule  through  the  curious 
fact  that  diphtheria  toxin  may  under  a  variety  of  conditions  lose  its  toxicity,  but  still  retain  its  capacity 
of  neutralizing  antitoxin  and  also  of  uniting  with  cells,  and  thus  inducing  the  formation  of  antitoxin 
in  the  animal  body.     Such  toxin  molecules  deprived  of  the  toxophorous  group  are  called  toxoids. 
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For,  set  free  in  the  body-fluids,  these  superfluous  receptors  still  retain  their  com- 
bining power  for  the  free  toxin  molecules,  which,  also,  are  in  solution  in  the  body-fluids, 

and  unite  with  them.  This  union  liaving  been  effected,  the  toxin  molecules  are  no 
longer  a.  menace  to  the  cell,  because  the  affinities  are  now  satisfied  through  which  Ibey 
joined  the  receptors  while  these  were  still  a  part  of  the  cell,  and  in  this  way  became 
harmful.  This  now  inert  combination  of  toxin  molecules  and  detached  receptors  is 
physiologically  indifferent  stuff,  and  may  be  removed  from  the  body  by  the  usual 
processes  of  excretion. 

But  the  antitoxin  which  has  not  united  with  toxin  in  the  body  of  the  animal 

which  produced  it  is  still  available  on  the  transference  of  the  serum  to  another  in- 

:^ 
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A.  Portian  of  cell-body:  b.  ivcep 

dividual  whose  blood  contains  diphtheria  toxin,  and  who  may  thus  secure  passive 
immunity. 

If  we  have  recourse  again  to  the  graphic  method,  the  hyperproduetion  of  recej)- 
tom  by  the  damaged  cell,  their  separation,  and  their  action  as  Bntiloxin,  may  be  indi- 

cated, as  in  Figure  108.  Let  -4  represent  a  jiortion  of  a  cell-body.  The  toxic  molecule 
a,  uniting  with  the  receptors  6,  leads  tlirouKh  the  injury  to  the  cell,  as  well  as  by  its 

deprivation  of  the  normal  use  of  b,  to  the  production,  and  at  length  to  the  overproduc- 
tion, of  new  receptors  of  the  same  kind.  These  suiierftuous  receptors  c  are  now  set  free 

into  the  body  fluids,'  where,  as  at  x,  they  may  freely  unite  with  the  toxia  molecules, 
forming  harmless  compounds  and  pre\'enting  furtlier  access  of  the  toxin  to  the  cell, 



THE    RELATIONS    OF    MICRO-ORGANISMS    TO    DISEASE  169 

where  alone  the  damage  can  be  done.     Or,  when  free,  as  at  y,  the  receptors  may  be 
transferred  in  the  serum,  becoming  eflfective  as  antitoxin  in  another  individual. 

It  is  well  to  note  that  so  long  as  the  receptor  maintains  its  connection  with  the  cell 
it  is  not  antitoxin,  but  an  element  of  vulnerability  to  the  cell.  It  is  only  when  the 
receptor  has  been  set  free  from  the  cell  that  it  is  antitoxin. 

The  antitoxin  substance  which  neutralizes  the  action  of  the  toxin  molecule  of  diph- 
theria is  not  effective  for  the  poison  of  tetanus,  for  example,  simply  because  it  does  not 

combine  with  the  molecule  of  tetanus  toxin.  It  is  specific  for  diphtheria,  because  it 
was  the  diphtheria  toxin  which  excited  its  overproduction  through  a  chemical  union 
identical  in  character,  whether  this  union  takes  place  while  the  receptor  is  a  part  of  the 
cell,  in  which  case  the  toxin  becomes  harmful,  or  when  the  receptor  is  detached  from 
the  cell,  in  which  case  the  combination  is  harmless. 

In  the  light  of  this  hypothesis  the  specific  character  of  the  antitoxic  substances 
appears  to  be  but  the  result  of  adaptation  to  imusual  conditions  of  cell  capacities 
evolved  and  fostered  for  the  every-day  maintenance  of  life.  The  specific  relationship 
between  the  toxin  and  the  antitoxin  is  not  developed  during  immunization,  but 
existed  beforehand  as  a  necessary  condition  of  toxic  action. 

This  hypothesis  not  only  accounts  for  the  formation,  protective  action,  and  speci- 
ficity of  antitoxin,  but  reveals,  also,  a  special  significance  in  the  incubation  period,  dur- 

ing which  the  conservative  forces  are  mustering.  We  can  realize,  furthermore,  in  the 
light  of  this  hypothesis,  how  it  is  that  the  protection  secured  in  active  immunization  is 
less  immediate  and  also  why  it  is  more  prolonged  than  in  the  passive,  since  in  the  latter 
the  available  antitoxin  is  limited  to  the  dosage  and  is  not  replenished  as  in  active 
immunity  by  the  continued  cell  activities  of  the  aflfected  individual  himself. 

The  conception  of  Ehrlich  as  to  the  nature  of  antitoxin  is  that  of  the  chemist,  and 
carries  over  to  the  performances  of  protoplasm  the  presumptions  upon  which  chemical 
reactions  in  general  are  conceived  and  formulated.  But  this  is  not  an  easy  matter, 
since  our  knowledge  of  the  ultimate  phases  of  protoplasmic  metabolism  is  very  incom- 

plete. The  physiological  chemist  presents  to  us  as  his  final  achievement  in  analysis  an 
extremely  elaborate  complex  which  he  calls  the  proteid  molecule.  This  he  does  not 
yet  venture  to  formulate.  Thus  it  is  that  when  we  attempt  to  illustrate  in  graphic 
fashion  our  conception  of  the  performances  of  proteid  molecules,  either  in  normal  metab- 

olism or  in  poisoning,  we  are  forced  to  use  the  crudest  of  symbols.  The  use  of  such 
symbols  is  not  without  hazard,  for  these  toxins  and  these  receptors  are,  in  truth,  not 
histological  structures,  but  molecular  groups;  they  are  not  alone  upon  the  surfaces,  but 

through  all  the  mass,  of  the  protoplasm.  They  do  not  "  break ''  off  from  the  cell,  but 
are  set  free  as  are  other  chemical  substances  which  result  from  molecular  transfor- 

mations. Thus,  if  one  cannot  at  last  translate  these  uncouth  symbols  into  the  nice 
conceptions  of  the  chemist,  they  will  prove  but  stumbling-blocks. 

There  has  been  much  discussion  of  Ehrlich's  hypothesis,  and  it  has  withstood  many 
assaults,  mostly  inspired  by  misconceptions  of  the  fundamental  claims.  The  scope  of 
this  book  does  not  permit  us  to  consider  the  many  and  ingenious  experiments  by  which 
this  view  of  antitoxic  immunity  has  been  sustained,  nor  is  it  practicable  now  to  call 
attention  to  many  of  the  phenomena  not  yet  accounted  for  or  seemingly  inconsistent 
with  the  interpretations  here  set  forth. 

It  is  a  working  hypothesis  which  no  doubt  indicates  but  crudely  the  nature  of  the 
subtle  processes  concerned,  as  must  indeed  be  the  case  while  our  knowledge  of  the 
phases  of  energy  which  sway  and  determine  life  is  still  very  meagre;  but  it  has  already 
inspired  much  fruitful  research  which  is  an  important  feature  of  working  hypotheses 
in  whatever  field,  and  whatever  their  ultimate  fate. 

Bactericidal  or  Antibacterial  Immunity   (Bacteriolytic  Immunity.) 

General  Considerations. — An  extended  series  of  studies  on  artifieial 
immunization  has  shown,  as  we  have  seen,  that  in  relatively  few  instances, 
notably  in  diphtheria  and  tetanus,  whose  inciting  bacteria  set  free  in 
cultures,  as  in  the  body,  soluble  to^^ins  of  great  potency,  is  the  protection 
secured  by  the  formation  of  antitoxic  substances.     Nevertheless,  when 
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in  some  of  the  ways  detailed  above  (p.  162)  an  animal  has  been  grad- 
ually adapted  to  cultures  of  pathogenic  bacteria  either  living  or  dead, 

or  to  their  products,  it  has  been  found  that  the  body  fluids  contain  pro- 
tective substances.  The  protective  action  in  these  instances  in  some 

cases  has  been  shown  to  be  associated  with  the  induction  of  morpho- 
logical changes  in  bacteria  which  indicate  their  damage  or  destruction— 

bacteriolvsis.  Active  immunization  in  man  with  the  dead  bodies  of 

their  respective  bacteria  has  been  widely  practised  in  typhoid  fever, 
Asiatic  cholera,  and  plague,  with  apparently  favorable  results,  while  the 

use  of  the  serum  of  immunized  animals,  in  these  and  certain  other  dis- 
eases, has  not  been  thus  far  very  encouraging  in  conferring  passive 

immunity. 
AVhile,  therefore,  the  data  at  hand  in  those  artificial  immunizations 

which  are  not  antitoxic,  point  to  the  bactericidal  and  bacteriolytic  action 

of  substances  developed  in  the  body  as  the  important,  if  not  the  domi- 
nant protective  factors,  there  may  be  many  other  processes  contributing 

to  the  same  end,  which  are  as  yet  not  clearly  defined.  Thus,  there  may 

be  increased  phagocytosis;  vulnerable  body-cells  may  become  less  suscep- 
tible, the  growth  of  bacteria  may  be  inhibited  though  they  be  not 

destroyed,  etc.     But  these  possibilities  cannot  be  discussed  here. 
Furthermore,  it  should  not  be  forgotten  that  the  antitoxic  action  of 

protective  sera  may  often  be  associated  with  those  agents  which  directly 
damage  the  infecting  organism. 

As  rjBgards  the  destruction  of  bacteria  in  the  body,  we  have  seen  that 
this  may  take  place  directly  through  the  action  of  phagocytes  or  by  the 

action  of  the  body  fluids.  But  the  details  and  exact  nature  of  this  de- 
structive process  have  been  extremely  difficult  of  study,  owing  to  their 

complexity  and  the  minuteness  of  the  micro-organisms.  Quite  recently, 
however,  a  series  of  remarkable  studies  in  a  related  field  have  led  to  a 
clearer  conception  of  the  ways  in  which  bacteria  and  many  other  alien 

organic  substances  are  destroyed  in  the  body,  under  ordinary  circum- 
stances as  well  as  under  the  special  conditions  which  infection  involves. 

"Pfeiffer  Phenomenon." — Several  years  ago,  Pfeiff'er^  showed  that 
the  blood  serum  of  a  guinea-pig,  artificially  immunized  against  the 
cholera  vibrio,  was  capable,  under  certain  conditions,  not  only  of  immobil- 

izing and  killing  cholera  germs  in  a  short  time,  but  also  of  causing  their 
disintegration  and  destruction.  This  significant  capacity  of  immune 
serum  was,  after  a  long  series  of  experiments,  finally  found  to  be  due  to 
two  distinct  substances.  One  of  these  appears  to  be  formed  in  the  body, 
as  the  result  of  the  gradual  adaptation  of  the  animal  to  the  cholera 
microbe,  and  was  called  the  immune  substance.  The  other  seemed  to 

be  normally  present  in  the  serum  of  the  warm-blooded  animals,  and  to 
be  identical  with  the  substance  which  had  long  been  regarded  as  in 
itself  germicidal,  and  which  had  been  called  by  Buchner  alexin.  It  was 
presently  found  that  lysis  of  the  cholera  microbe  occurred  only  when 
these  two  substances  act  together,  neither  of  them  when  separate  having 
lytic  power.     If  the  two  substances,  the  immune  substance  and  the  alexin, 

»  Zeits.  f.  Hygiene,  Bd.  xvii,  p.  355,  1894. 
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lytic  when  together,  are  heated  to  56°  C,  the  lytic  capacity  is  lost.  But 
if  a  small  amount  of  fresh  blood  serum  containing  alexin  be  now  added, 
the  lytic  power  is  at  once  restored.  These  curious  facts,  set  forth  in 
part  by  Pfeiffer  and  further  developed  by  Bordet  and  Metchnikoff, 

obviously  have  a  significant  bearing  upon  our  conception  of  the  proc- 
esses by  which  those  phases  of  immunity  are  secured,  in  w^hich  the 

destruction  of  micro-organisms  plays  an  important  part. 
But  the  study  of  the  effects  of  lytic  sera  upon  bacteria  is  one  of  great 

technical  difficulty,  so  that  it  is  only  since  an  important  series  of  obser- 
vations were  made  upon  the  lytic  action  of  the  body  fluids  on  other  and 

more  easily  studied  forms  of  cells  that  our  conception  of  the  nature  of 
bacteriolvsis  has  become  at  all  clear. 

It  is  therefore  necessary  for  us  to  look  briefly  at  a  new  line  of  research 

bearing  upon  bacteriolytic  immunity  which  has  already  led  to  most  sig- 
nificant results  and  opened  biological  fields  of  great  scope  and  complexity. 

CYTOLYTIC  SUBSTANCES— CYTOLYSIS. 

Hflemolysins — Hsemotoxins. — It  has  been  known  for  some  time  that 
the  blood  serum  of  one  animal  species,  w^hen  injected  into  the  vessels  of 
another,  may  do  serious  damage  and  even  kill  the  latter  through  a  rapid 
separation  of  the  haemoglobin  from  the  red  blood  corpuscles.  This 

dangerous  eff'ect  brought  to  a  speedy  end  attempts  which  were  at  one 
time  made  to  sustain  the  ebbing  forces  of  life  by  the  transfusion  of  alien 

blood.  But  the  significance  of  this  so-called  **laking"  of  the  blood  by 
mixture  with  alien  sera  was  overlooked. 

Bordet,  however,  w^as  recently  led  to  inquire  whether  if  the  animal 
body  be  capable  of  adapting  itself  to  toxic  substances  and  to  bacteria  in 
such  a  way  as  to  neutralize  the  effects  of  toxins  and  to  destroy  bacteria 
as  had  been  shown  by  earlier  experiments,  it  may  not  respond  similarly 
to  the  introduction  of  other  foreign  substances  such  as  alien  red  blood 
cells,  for  example. 

The  blood  serum  of  the  guinea-pig  is  not  normally  lytic  for  the  red 
blood  cells  of  the  rabbit;  that  is,  it  does  not  cause  the  separation  of  the 

haemoglobin  from  the  stromata,  with  a  partial  destruction  of  the  latter.^ 
Now  Bordet  injected  a  few  cubic  centimetres  of  the  whipped  blood  of 

the  rabbit,  containing  the  serum  and  red  blood  cells,  into  the  subcutane- 
ous tissue  or  peritoneal  cavity  of  normal  guinea-pigs.  This  operation, 

which  does  not  markedly  interfere  wuth  the  well-being  of  guinea-pigs, 
was  repeated  five  or  six  times  with  intervals  of  a  few  days.  When  now 
blood  was  drawn  from  the  treated  pig,  allowed  to  clot,  and  the  clear 
serum  secured,  it  was  found  to  have  become  markedly  lytic  for  rabbit 

corpuscles.  A  very  small  proportion,  mixed  with  rabbit's  blood  diluted 
with  physiological  salt  solution,  in  a  short  time  brought  the  haemoglobin 

into  a  clear  ruby  solution  in  which  the  stromata  or  ̂ 'ghosts"  of  the 
corpuscles  floated  as  a  pale  and  scarcely  visible  cloud.     This  process  is 

1  While  the  serum  of  the  guinea-pija;  is  not  normally  lytic  for  the  corpuscles  of  the  rabbit,  the  serum 
of  the  rabbit  is  lytic  for  the  corpuscles  of  the  guinea-pig.  Similarly,  normal  rabbit  serum  is  not  lytic 
for  the  beef  corpuscles,  but  beef  serum  is  lytic  for  the  corpuscles  of  rabbits  and  guinea-pigs. 
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called  hcemolysis;  serum  possessing  this  capacity  is  called  hceniolytic  or 
hcemotoxic  serum. 

This  adaptation  of  one  animal  to  the  red  blood  cells  of  another  species 
may  be  accomplished  without  difficulty  with  a  great  variety  of  animals. 

But  a  most  remarkable  thing  about  this  newly  acquired  lytic  capacity 
of  the  serum  is  that  it  is  limited  to  the  red  corpuscles  of  the  species  of 

animal  whose  blood  was  used  for  the  injection — in  Bordet's  experiment 
to  the  corpuscles  of  the  rabbit.  Red  blood  cells  of  the  dog,  cat,  sheep, 

bovines,  fowl,  etc.,  are  no  more  affected  by  this  serum  of  a  guinea-pig 
which  has  been  adapted  to  the  blood  of  the  rabbit  than  they  were  before. 
In  other  words,  the  adaptation  to  foreign  corpuscles  is  specific. 

The  statement  that  this  adaptation  to  alien  blood  is  specific — that  is 
to  say,  that  the  serum  becomes  active  only  for  the  corpuscles  of  the 

species  injected — should  be  so  qualified  as  to  recognize  the  curious  fact 
that  a  slight  degree  of  lysis  may  often  be  induced  in  corpuscles  of  species 
of  animals  very  closely  related  to  those  from  which  the  injected  blood  is 

derived.  For  example,  if  a  rabbit  be  adapted  to  human  blood  by  intra- 
peritoneal injections,  the  serum  of  this  rabbit,  now  strongly  lytic  for  the 

corpuscles  of  man,  may  be  slightly  lytic  for  the  corpuscles  of  monkeys. 
Similarly,  serum  artificially  lytic  for  the  red  cells  of  goats  may  be  slightly 
l)rtic  for  those  of  sheep,  but  not  for  the  corpuscles  of  cats,  dogs,  man, 
etc.     See  for  technique  of  haemolysis  tests  p.  194. 

This  form  of  test,  delicate  beyond  anything  hitherto  known  in  physi- 
ological chemistry,  may  thus  prove  of  value  in  defining  the  relationships 

and  limitations  of  animal  species.^ 
This  preliminary  observation  of  Bordet  was  followed  by  a  series  of 

studies  upon  artificial  haemolysis,  the  results  of  which  we  can  only  briefly 
summarize.  In  the  first  place,  to  what  is  this  remarkable  acquired  lytic 

capacity  of  the  serum  due?  Bordet  heated  for  half  an  hour  to  56^  G. 
some  of  the  lytic  serum  secured  by  adapting  the  guinea-pig  through 
subcutaneous  injections  to  the  red  blood  cells  of  the  rabbit.  He  found 
that  it  had  completely  lost  its  new  lytic  power.  Such  serum  is  said  to  be 
inactivated.  But  when  he  now  added  to  this  inert  serum  a  little  fresh 

blood  serum  from  a  normal  guinea-pig,  which  is  not  in  itself  lytic  (see 
p.  171),  the  original  dissolving  power  of  the  heated  serum  for  rabbit 
corpuscles  was  at  once  restored — reactivated.  The  inference  from  this 
experiment  is  obvious.  The  dissolving  capacity  of  this  artificially  lytic 
serum  is  due  to  two  distinct  substances.  One  of  these,  that  one  which 
results  from  the  adaptation  of  the  animal  to  the  alien  blood,  is  stable 

at  5()°  C;  the  other,  which  is  present  in  normal  serum,  is  rendered  inert 
at  56°  C;  that  is,  it  is  very  labile.  These  two  substances  were  named 
early  and  have  been  often  renamed.  For  the  present  we  may  speak  of 
the  stable  substance  resulting  from  the  adaptation  to  the  alien  blood 

as  the  immune  substance  or  immune  body,  and  of  the  other,  more  sensi- 
tive to  heat  present  in  normal  serum  and  not  increased  in  the  processes 

of  immunization,  as  alexin^  a  name  which  was  long  ago  applied  by 
Buchner  to  a  substance  or  substances  in  normal  serum,  to  which  its 

*  For  further  data  on  this  subject  see  NtUtaU,  **  Blood  Immunity  and  Blood  Relationship,"  1904. 
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germicidal  capacity,  first  clearly  demonstrated  by  Nuttall,  was  attributed. 

But  this  alexin  is  now  called  complement  for  reasons  given  on  page  177.^ 
There  now  followed  a  series  of  important  studies  by  Ehrlich  and  his 

associates  which  throw  still  further  light  upon  these  curious  lytic  agents. 

Separation  of  Alexin  and  Immune  Substance. — We  have  seen  that  in 
order  to  secure  the  immune  substance  free  from  the  alexin  one  has  only 

to  heat  the  lytic  serum  to  56^  C.  for  half  an  hour,  when  the  alexin  is 
destroyed.  If  one  wishes  to  secure  the  alexin  apart  from  the  immune 
substance  he  makes  use  of  a  very  curious  property  of  the  latter;  namely, 
its  capacity  of  uniting  with  the  cellular  element  under  whose  influence  it 
was  elaborated.  For  example,  if  one  places  a  small  portion  of  the  serum 
of  a  rabbit  which  has  been  adapted  to  beef  blood  in  contact  with  beef 

corpuscles  at  a  low  temperature'  for  a  few  hours,  he  will  find  that  the 
immune  substance  has  formed  so  stable  a  combination  with  the  cor- 

puscles that  on  their  separation  from  the  fluid  by  centrifugaiion  in  the 
cold,  none  of  the  immune  substance,  but  all  of  the  alexin,  will  be  left  in 
the  fluid. 

That  the  corpuscles  under  these  conditions  actually  contain  the 
immune  substance  is  readily  shown  by  carefully  washing  them  in  salt 
solution  and  centrif uging  them  again  in  the  cold  and  finally  adding  to  them 

a  little  normal  serum — containing  alexin,  but  no  immune  substance — 
whereupon  the  lysis  will  at  once  take  place,  as  shown  by  the  red  color  of 
the  fluid.  This  union  of  the  immune  substance  with  corpuscles,  called 

'^fixation''  of  the  immune  substance,  is  specific,  occurring  only  with  the 
corpuscles  of  the  animal  species  used  in  the  adaptation. 

Many  other  points  of  extreme  interest  and  significance  have  been 
revealed  in  these  studies  on  artificial  luemolysis  which  the  scope  of  this 
book  does  not  permit  us  to  touch  upon. 

Multiplicity  of  Immune  Substances  and  Alexins. — The  question  of  a 
multiplicity  of  immune  substances  and  of  alexins  has  been  brought  for- 
w^ard,  and  it  seems  probable,  especially  from  the  researches  of  Ehrlich, 
that  in  adaptation  of  each  animal  species  to  a  single  form  of  cell  several 
immune  bodies  may  be  developed.  It  is  possible,  though  not  yet  proven, 
that  more  than  one  alexin  may  be  normally  present  in  the  blood  serum 
of  each  animal  species,  and  that  a  single  immune  body  may  be  capable 

of  uniting  with  several  forms  of  alexin.^ 
Bacteriolysis. — It  is  evident  that  this  artificial  haemolysis,  secured  by 

the  adaptation  of  one  species  of  animal  to  the  red  blood  cells  of  another,  is 
quite  analogous  to  the  process  by  which  immunity  is  secured  against 

pathogenic  bacteria — those  of  cholera,  for  example,  whose  most  obvious 
poisonous  elements  are  endotoxins — and  which  is  called  bacteriolysis. 
Both  are  specific  examples  of  the  general  process  called  cytolysis,  meaning 
cell  destruction.     But  this  reaction  of  haemolysis  is  not  only  one   of 

*  It  has  been  found  that  the  haemoly  tic  capacity  of  the  normal  blood  serum,  which  in  many  animals, 
as  we  have  seen,  is  very  marked  for  the  corpuscles  of  alien  blood,  is  also  due  to  two  substances  which 
in  character  and  action  are  similar  to  those  which  have  been  so  carefully  studied  in  the  lytic  sera  of 
artificially  adapted  animals. 

'  It  is  necessary  to  reduce  the  temperature  in  this  experiment  in  order  to  inhibit  the  action  of  the 
lytic  agencies. 

*  It  has  been  shown  that  lecithin  may  act  as  alexin  —  complement—  in  this  form  of  cell  destruction. 
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extraordinary  delicacy,  but  is  easily  observed  under  conditions  quite 
within  our  control,  and  permitting  such  elaborations  and  variations  as 
involve  great  technical  difficulties  when  we  are  directly  engaged  with 
the  phenomena  of  bacteriolysis. 

Thus  these  studies  of  haemolysis  have  a  practical  significance  in  their 
bearing  upon  our  conceptions  of  bacteriolytic  immunity  quite  apart  from 

the  interesting  general  biological  field  into  which  they  have  led  the  way.* 
Special  Cjrtolysins — Cjrtotoxins. — The  development  of  cytolytic  capac- 

ities in  the  blood  serum  of  the  living  animal  as  the  result  of  adaptation 
to  bacteria  and  to  alien  red  blood  cells  being  known,  it  was  natural  to 
extend  the  method  to  other  cells.  Thus  it  has  been  claimed  that  in  the 

adaptation  of  one  animal  to  the  spermatozoa  of  another  species  by 
intraperitoneal  injections,  a  serum  is  obtained  which  quickly  brings  to 

an  end  the  movements  of  fresh  spermatozoa  of  the  species  used — spermo- 
lytic  serum. 

Similarly,  specific  leucolytic  sera  have  been  described  as  procured  by 

intraperitoneal  injections  of  emulsions  of  lymph-nodes,  spleen,  and  bone 
marrow.  Such  leucolytic  sera  may  not  only  destroy  the  leucocytes 
outside  of  the  body,  but  they  are  extremely  toxic  when  introduced  into 
the  living  species  from  which  the  tissues  originated.  The  effects  of  these 

leucolytic — leucotoxic — sera  in  the  body  are  most  pronounced  in  the 
blood-forming  organs.  Here,  as  the  studies  of  Flexner'  show,  a  very 
significant  impulse  to  new  cell  formation  may  be  associated  with  the 
action  of  the  leucotoxic  sera. 

Emulsions  of  kidney  cells  of  one  species  injected  into  the  peritoneum 
of  another  have  led  to  the  development  of  nephrolytic  serum;  that  is, 
serum  which  on  injection  into  the  body  of  an  animal  of  the  same  species 
as  that  furnishing  the  kidney  cells  induces  noteworthy  degenerative 
changes  in  the  kidney.  Thus,  also,  hepatolytic,  pancreolytic ,  thyreolytic, 
neurolytic^  and  other  analogous  cytolytic  substances  have  been  described. 

But  the  earlier  view  of  the  specificity  of  toxic  (lytic)  substances  devel- 
oped by  the  injection  of  various  body-cells — somatogenic  cytotoxins 

— has  been  materially  modified  by  later  studies.  Thus  it  has  been  found 
that  in  many  of  the  earlier  experiments  red  blood  cells  were  injected 
with  the  special  cells  of  liver,  kidney,  etc.,  and  the  haemagglutinative 
sera  induced  thrombi  which  led  to  local  necroses,  confusing  the  results. 

Furthermore,  it  has  been  found  by  Pearce  and  others  that  even  blood- 
free  organ  cells  are  capable  of  inducing  haemotoxins  as  well  as  the  specific 
toxins.  It  appears,  therefore,  that  specificity  is  not  so  much  a  matter 
of  cell  morphology  as  of  molecular  structure;  that  is,  of  receptors. 

Thus  Pearce  found  that  the  sera  secured  by  the  injection  of  washed 
liver,  kidney,  pancreas,  and  adrenal  cells,  all  agglutinate  and  haemolyze 
red  blood  cells;  that  some  of  them  have  no  effect  upon  organs  for  which 
they  were  formerly  believed  to  have  a  specific  affinity;  and,  finally,  that 

only  the  so-called  nephrotoxin  has  a  distinctly  injurious  effect  upon  the 
*  For  technic  of  htemolysu  experiments  and  the  adaptation  of  animals  to  alien  substances  see 

pp.  194  and  195. 
*  Flexner,  Univ.  of  Penn.  Med.  Bull.,  vol.  xv.,  1902,  p.  287;  also  Bunting,  ibid.,  vol.  xvi.,  1903, 

p.  200. 
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organ  by  the  injection  of  which  the  alleged  specific  serum  was  derived. 
Pancreas  and  adrenal  serum  Pearce  found  to  be  devoid  of  special  action 
in  these  organs,  while  the  lesions  of  hepatotoxin  are  doubtful  and  may 

be  produced  by  other  sera.* 
So  far  as  they  have  been  studied,  the  nature  of  the  active  agents  in 

these  various  cytolytic  sera  and  their  mode  of  action  are  analogous  with 
those  in  haemolytic  sera.  Here,  as  there,  the  action  is  due  to  two  groups 

of  substances:  one,  the  ̂ 'immune  body,''  stable  and  increased  by  the 
adaptive  process;  the  other,  the  alexin,  occurring  normally  in  the  body, 
not  increased  in  adaptation,  and  readily  destroyed  or  rendered  inactive 
by  heat. 

.\11  of  these  last-mentioned  forms  of  cytolytic  sera  require  more 
extended  study  before  far-reaching  conclusions  should  be  drawn  from 
them.  But  it  is  now  evident  that  the  different  functional  types  of  cells 
in  one  animal  are  capable  in  the  adaptation  to  the  economy  of  another 
of  inciting  more  or  less  definitely  specific  responses,  as  shown  by  the 
various  types  of  cytolytic  sera  which  are  formed. 

When  one  musters  all  the  possible  combinations  in  this  form  of  adap- 
tation and  considers  the  probability  that  multiple  immune  bodies  may 

develop  in  each  instance,  and  that  these,  furthermore,  may  correspond  to 
multiple  alexins,  the  complexity  of  artificial  cytolysis  becomes  evident. 

Antigens  — We  have  seen  that  the  introduction  into  the  living  organ- 
ism of  alien  proteid  substances  of  many  kinds,  derived  from  animals  or 

plants,  some  of  them  poisonous,  many  of  them  not,  incites  the  formation 
of  so-called  antibodies  of  divers  sorts.  It  has  been  found  convenient  to 

call  these  ''antibody  producers,"  or,  more  correctly,  ** antibody  incitors,'' 
antige7is. 

AnticytoljTsins. —  But  now  still  another  phase  of  this  subject  demands 
a  word.  These  cytolytic  or,  as  some  prefer  to  call  them,  cytotoxic  sera, 
when  introduced  into  the  living  bodies  of  the  species  from  which  the  cells 
inciting  their  formation  are  derived,  act  as  toxins  to  which  the  organism 
responds,  each  after  its  kind,  by  the  development  of  antitoxic  substances. 
These  are  called  anticytolxjsins  or  anticytotoxiris. 

Let  us  look  at  an  illustration  of  this  interesting  point.  The  blood 

serum  of  the  normal  guinea-pig  has,  as  we  have  seen,  no  lytic  action  on 
the  red  blood  cells  of  the  rabbit,  but  after  the  adaptation  of  the  guinea- 
pig  to  the  blood  of  the  rabbit  by  repeated  intraperitoneal  injections,  the 
guinea-pig  serum  is  strongly  lytic  for  the  rabbit  corpuscles  in  test-tubes 
outside  the  body.  But  this  lytic  serum  is  not  less  toxic  when  introduced 
into  the  body  of  the  rabbit.  Under  these  conditions  the  rabbit  produces 
an  antitoxin,  an  antihspmolytic  substance,  which  is  in  solution  in  his 
serum.  If  a  little  of  this  antihaemolytic  serum  be  mixed  with  some  of 

the  lytic  serum  from  the  adapted  guinea-pig,  it  will  be  found,  on  the 
addition  of  rabbit  corpuscles,  that  the  lytic  serum  has  lost  its  power,  just 

as  diphtheria  toxin  loses  its  harmful  properties  on  mixture  with  diph- 

theria antitoxin.     Thus  may  be  formed  a  great  variety  of  specific  '*  anti- 

1  For  further  details  on  this  subject  see  Pearce,  Univ.  of  Penn.  Med.  Bull.,  xvi.,  p.  217,  1903;  Jour. 
Med.  Res.,  xii.,  p.  1.  1904;  Jour.  Exp.  Med.,  viii.,  1906. 
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bodies'* — anticytolysins — from  sera  which  are  normally  lytic  or  have 
become  so  through  experimental  adaptations. 

Isolyslns  and  Autolysins. — In  view  of  the  remarkable  results  of  the 
adaptation  of  the  body  to  alien  cells  from  different  animal  species  which 
we  have  reviewed,  it  was  natural  to  ask  how  an  animal  would  respond  to 

the  introduction  into  the  recesses  of  his  body  of  celjs — red  blood  corpus- 
cles, for  example — from  another  individual  of  the  same  species.  It  was 

found,  in  fact,  that  under  these  circumstances  lytic  substances  are 
sometimes,  though  not  uniformly,  developed.  The  possibility  of  the 
formation  of  isolytic  substances  was  thus  established.  But  if  this  be 
possible,  why,  it  was  asked,  may  not  autolyiic  substances  be  formed  by 
the  adaptation  of  an  animal  to  his  own  cells  experimentally  displaced? 
Such  substances  have,  however,  not  been  found  under  the  experimental 
conditions  thus  far  observed.^ 

Still  it  is  well  known  (see  p.  98)  that  cells  and  tissues  worn  out 
from  use,  or  dead  as  the  result  of  injury,  inflammatory  exudates,  etc., 
are  constantly  removed  from  the  living  body  by  processes  apparently 
analogous  to,  if  not  identical  with,  those  which  can  be  experimentally 
evoked.  So  that  autolysis  in  some  form  seems  to  be  ah  important 
factor  in  the  maintenance  of  the  integrity  of  the  body  (see  p.  106).  Just 

what  the  agencies  are  under  which  normal  living  tissue  cells  are  pro- 
tected from  the  action  of  autocytolytic  substances  is  not  yet  clear. 

But  the  multiplicity  of  known  ''antibodies"  justifies  the  conjecture 
that  such  substances — anticytolytic — may  be  constantly  formed  and 
act  as  safeguards  to  living  and  useful  cells  (see  p.  191). 

The  Application  of  Ehrlich's  Hypothesis  to  Cytolysis. — If  we  now  turn  to  the 
various  hypotheses  which  have  been  advanced  to  account  for  the  formation  and 

action  of  these  cytolytic  substances,  we  find  that  an  elaboration  of  Ehrlich's  views  as 
applied  to  antitoxin  is  here  a  source  of  g^at  illumination.  It  is  evident  at  once,  how- 

ever, that  the  matter  is  not  so  simple  as  m  the  case  of  antitoxin,  because  we  have  here 
two  substances  at  work,  the  immune  body  and  the  alexin.  Neither  the  immune  body 
nor  the  alexin  alone  induces  cytolysis.     They  must  act  together. 

The  phenomena  are,  in  the  main,  accounted  for  if  we  assume  that  it  is  the  alexin 
which,  when  the  necessary  conditions  are  fulfilled,  exerts  the  destructive  action  upon 
the  bacterial  or  animal  cell.  But  the  alexin  cannot  enter  under  ordinary  conditions 
into  direct  chemical  combination  with  the  cell  receptors.  The  union  is  effected  only  by 
the  intervention  of  the  substance  which  is  increased  in  amount  in  the  process  of 
adaptation;  namely,  the  immune  body. 

A  long  series  of  experiments  has  led  to  the  belief  that  the  immune  body  has  two 
free  atom  comi)lexes  which  enable  it  to  form  chemical  unions.  Through  one  of  these 
atom  complexes  it  unites  with  the  cell  or  bacterium  to  be  destroyed;  through  the  other 
it  is  joined  to  the  alexin.  Then,  and  not  until  then,  is  the  alexin  so  linked  to  the  cell 
that  its  toxic  or  destructive  action  upon  the  cell  occurs. 

This  conception  may  be  illustrated,  as  in  the  case  of  antitoxin,  by  crude  figures. 

Here  it  should  be  remembered  we  are  illustrating,  not  the  production  of  the  cyto- 
lytic substances,  which  we  shall  speak  of  later,  but  the  action  of  them  upon  the  cells 

to  be  destroyed. 

Let  a — Fig.  109,  A — be  the  cell  which  is  to  be  destroyed,  with  one  of  it«  receptors 
indicated  at  d.  Let  b  represent  the  immune  body  with  one  atom  complex  e  capable  of 
uniting  with  the  cell  receptor  d,  and  with  another /capable  of  uniting  with  the  alexin 

^  Some  observations  are  recorded  in  which,  after  profuse  internal  hemorrhage,  hiematuria  haa 
develop)ed,  indicating  the  possil)ility  of  autohaemolysis  under  special  conditions. 
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c  through  ff.  N'ow  the  alexin  which  appears  to  he  the  effective  agent  in  the  destruction 
cannot  unite  directly  with  the  celt  receptor.  When,  however,  it  becomes  linked  to  the 
cell  by  means  of  the  immune  body.  b.  its  destructive  capacity  can  come  into  play. 

In  a  similar  way  one  may  indicate  the  action  of  anticy  tolytic  substances  which  may 
be  effective  through  union  either  with  the  alexin  or  with  the  immune  body,  aa  shown 

in  Figure  109.  Band  C.  In  S  the"  antibody  "A  prevents  the  llnkingof  the  alexin  c  to  the 
immune  body  b  by  itself  uniting  with  the  former.  It  then  acts  as  an  anti-alexin.  In 

C  the  antibody  "  i "'  prevents  the  linking  of  the  immune  body  b  to  the  cell  receptor  d, 
and  hence  acts  as  an  anti-immune  body.  We  shall  see  in  a  moment  why  at  present  the 
suh^tance  here  spoken  of  as  antj-atexin  is  usually  called  the  anticom piemen t. 

The  experimental  evidence  that  the  anlicytolytic  substances  may  be  thus  due  to 

the  formation  of  adaptive  substances  of  two  classes,  anti-immune  substances  and  anti- 
complements,  cannot  he  entered  upon  here. 

▲ 
A 

-1  ' 

Flo.  100— DiAOH*!!  Ita.i.HTit*riMr.  rtrcii-rals  I.N  Accokdance  with  Ehruch'b  Htp. 

complex  of  the  amboceptor  capable  of  uni(Ln£  with  the  receptor,  d;  /,  atom  complex  of  the  a 

B — a.  Cell;  b.  imaiune  flubfltance  (amboceptor)^  c,  aleiili  (compkmeul) ;  d.  cell  recept 

C — d.  CeU:  b.  itntnune  substance  (ambcjc«plor) ;  c,  alexia  (complement);  d.  cell  rercpl 
imibuDe  substance  (aati-omboceplor). 

In  view  of  the  rationale  of  cytolysis.  as  just  set  forth,  we  may  conKider  the  in 
substance  to  be  an  intermediary  between  the  alexin  and  the  cell  to  he  destroyed;  or,  on 
the  other  band,  we  may  consider  the  alexin  as  the  complement  to  the  immune  sul>- 
stance.  since  only  through  their  union  is  the  toxic  action  possible. 

In  (act.  following  Ebrlich,  one  sometimes  speaks  of  the  immune  body  as  the  iiiter- 
"ttdiary  body,  or  intermediary  subttance;  but  since  it  is  furnished  with  two  comhining 
affinities,  it  is  now  usually  called  the  amboceptor.  Furthermore,  since  the  experimental 
analysis  of  the  lytic  process  by  the  new  technique  has  shown  that  the  germicidal  and 
deatnicfive  action  of  blood  serum,  formerly  supposed  to  he  due  to  a  single  substance 
railed  alexin,  is  really  due  to  the  combined  action  of  two  suhstanccs,  the  use  of  the 
word  alexin  for  one  of  them  is  misleading  and  has  now  been  largely  given  up.  The 

12 
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substance  present  in  the  serum  of  both  normal  and  adapted  animals  through  which 
lysis  is  effected  when  it  is  linked  to  the  cell  by  the  amboceptor  is  called  the  complement. 
Other  names  have  been  applied  to  these  hypothetical  complexes  or  substances  which 
we  cannot  consider  here.^ 

This,  then,  is  the  rationale  in  accordance  with  Ehrlich's  hypothesis  of  the  action  of 
these  cytolytic  or  cytotoxic  substances,  either  existing  naturally,  as  they  do  in  some 
animals,  or  being  called  forth  in  larger  quantities  in  the  process  of  adaptation  to  the 
cells  which  they  destroy.  This  view  has  been  most  fully  tested  upon  hemolytic  sera, 
since  here  the  reaction  is  most  easily  studied.  But  so  far  as  one  can  see,  it  applies  as 
well  to  the  phenomena  of  bacteriolysis,  whose  direct  study  is  much  more  difficult.  It 
should,  however,  be  borne  in  mind  that  the  erythrocytes  are  very  delicate  and  very 
peculiarly  constituted  cells,  and  it  is  possible  that  inferences  drawn  from  haemolysis 
are  not  applicable  without  qualification  to  other  and  less  vulnerable  cell  types. 

The  origin  of  the  amboceptors  of  these  cytotoxic  substances  is  accounted  for  in  the 
same  way  as  in  the  case  of  antitoxin.  The  alien  cells  or  substances  which  are  intro- 

duced into  the  animal,  and  to  which  it  proceeds  to  adapt  itself,  lead,  through  union 
with  such  body-cell  receptors  as  may  be  fitted  to  them,  to  the  overproduction  of  these 
special  complex  receptors.  These  are  presently  cast  off  as  superfluous  to  the  body-cell 
producing  them,  and  are  then  free  &s  amboceptors  in  the  body  fluids. 

As  in  the  case  of  antitoxin  formation,  it  is  probable  that  the  cell  receptors  which 
are  thus  increased  are  normally  concerned  in  cell  assimilation,  and  it  is  not  unlikely 
that  their  complex  character  may  have  some  relationship  with  the  complexities  of  the 

"giant"  protein  molecules,  which  must  suffer  initial  changes  before  becoming  fit 
for  assimilation.  At  any  rat«  this  hypothesis  assumes  that  in  the  process  of  adapta- 

tion either  to  toxic  substances  or  to  foreign  cells  or  other  protein  material,  the  body 
develops  no  new  capacities,  but  only  an  exaggeration  of  those  already  existing. 

As  to  the  exact  source  of  the  amboceptors  in  artificially  immunized  animals  we 
cannot  yet  speak  with  certainty. 

The  Action  of  Phagocytes  in  Cytolysis. — It  was  inevitable  that  the 
remarkable  studies  just  summarized  on  cytolytic  sera  should  have  led 

to  a  clearer  conception  of  the  manner  in  which  phagocytes  destroy  bac- 
teria and  other  organic  substances.  It  is  no  longer  permissible  to  hold 

as  distinct  and  unrelated  processes  the  action  of  phagocytes  and  the 
action  of  the  body  fluids  in  the  destruction  of  foreign  substances  in  the 
bodv. 

MetchnikofT,  the  learned  and  able  advocate  of  the  importance  of 

phagocytosis  in  the  protection  of  the  body  against  micro-organisms,  now 
recognizes  the  importance  of  the  adaptive  substances,  some  of  which  may 
be  largely  increased  in  amount  in  the  processes  of  immunization.  More 

strenuously  than  other  observers,  however,  he  insists  upon  the  phago- 
cytic cells,  especially  the  leucocytes,  as  the  originators  of  the  substances 

concerned  in  cytolysis,  and  holds  that  under  ordinary  conditions  it  is 
only  within  these  cells  that  these  substances  are  effective.     In  artificially 

1  It  was  natural  in  the  early  studies  on  bacteriolysis,  which  were  incidental  to  researches  on  im- 
munity, that  the  new  substance  which  was  found  in  the  serum  as  the  result  of  the  immunizing  process 

should  be  called  the  immune  substance  or  immune  body.  It  was  natural  also,  although  less  appropriate, 

to  apply  the  same  tenn,  "immune  substances,"  to  the  analogous  substances  which  appeared  in  the 
serum  as  the  result  of  the  injection  in  the  same  fashion  of  cells  and  other  mat«rials  which  were  not  infec-. 
tious,  not  disease-producing,  and  against  which,  therefore,  the  body  is  not,  in  the  old  sense,  immunised. 

But  these  new  use^  of  the  word  are,  I  think,  unfortunate  because  the  word  "immunity"  has  come 
to  have  a  special  and  useful  significance  in  relation  to  infection,  intoxication,  and  other  conditions  of 
natural  or  acquired  tolerance  to  obviously  and  seriously  harmful  agents.  The  process  in  both  instances 
is.  indeed,  one  of  adaptation,  and  the  newly  acquired  capacities  of  the  serum  are  due  to  substances 
resulting  from  this  adaptation.  They  arise  from  a  functional  modification  of  parts  of  the  body,  and 
hence  may  be  appropriately  called  adaptive  substances.  It  seems  to  the  writer  that  it  would  be  better 
to  consider  immunization  as  a  special  phase  of  adaptation,  and  so  limit  the  application  of  the  word  that 
it  shall  still  connote  infection  and  intoxication  in  the  traditional  sense. 
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immunized  animals,  however,  the  intermediary  substances,  it  is  conceded 
by  Metchnikoff,  may  be  set  free  from  the  cells  which  produce  them  and 
mingle  with  the  body  fluids.  The  complement,  on  the  other  hand, 
which  he,  in  common  wuth  others  of  the  French  school,  calls  cytasCy  in 

recognition  of  its  ferment-like  characters,  Metchnikoff"  does  not  believe 
to  be  set  free  in  the  body  fluids  except  through  some  damage  to  the 
leucocytes  in  which  it  is  formed.  Such  a  damage,  for  example,  as 
befalls  the  leucocytes  in  the  clotting  of  the  blood;  for  in  this  process  it 
is  assumed  that  the  setting  free  of  the  fibrin  ferment  involves  the  destruc- 

tion— phagolysis — leucolysis — of  the  leucocytes. 
The  views  advanced  by  Bordet  and  others  of  the  French  school 

regarding  the  union  of  the  amboceptors  with  the  cells  to  be  destroyed 
are  less  precise  than  those  of  Ehrlich.  Both,  however,  recognize  the 
importance  of  an  association  of  the  amboceptor  as  a  condition  for  the 
effective  action  of  the  complement  (cytase).  It  is  for  this  reason  that 

the  amboceptor  is  called  by  Bordet,  Metchnikoff,  and  others,  the  sensi- 
bilizing substance  (substance  seiisibilisatrice)  or  the  fixative  (fixateur). 

Finally,  a  long  and  ingenious  series  of  experiments  has  led  Metchni- 
koff and  his  associates  to  believe  that  there  are  two  forms  of  cytase,  one 

called  macrocytasCy  formed  by  the  macrocytes  (large  lymphocytes 
derived  from  the  spleen,  lymph-nodes,  and  certain  endothelial  and 
connective-tissue  cells)  and  concerned  in  the  destruction  of  animal  cells, 
such  as  red  blood  cells,  leucocytes,  spermatozoa,  various  parenchyma 

cells,  etc.;  and  microcytasej  derived  from  the  microcytes  (polymorpho- 
nuclear leucocytes),  which  is  active  in  the  destruction  of  bacteria  (see 

p.  104). 
The  greatest  diversity  of  view  concerning  the  cytolytic  process 

between  Metchnikoff  and  his  followers  and  the  observers  of  the  Ehrlich 

school  relates  to  the  question  whether  the  complement  (cytase)  does  or 
does  not  exist  free  in  the  blood  plasma,  for  upon  the  answer  to  this 
question  depends  largely  our  belief  as  to  the  relative  significance  of 

intra-  and  extracellular  cytolysis.  This  is  one  of  the  points  concerning 
which  more  data  are  urgently  needed.  But  even  now  the  views  of 
Metehnikoflf  are  not  inconsistent  with  the  hypothesis  of  Ehrlich. 

There  is  reason  to  believe  that  bacteria  are  destroyed  within  phago- 
cytes by  the  action  of  enzymes*  in  a  manner  analogous,  at  least,  with 

that  of  their  destruction  in  the  bacteriolytic  fluids  which  we  have  just 
considered.  But  just  how  these  intracellular  processes  are  fostered  by 
protective  sera  is  not  clear. 

AGGLUTINATIVE  SUBSTANCES. 

Agglutinins. — But  there  are  important  adaptive  resources  of  the 
living  body  when  called  upon  to  deal  with  foreign  material  of  special 
character  introduced  in  unusual  ways  into  its  recesses  in  addition  to 
those  just  considered. 

The  phenomenon  of  agglutination  has  been  widely  known  for  several 

»  See  Opie,  ref.  p.  105. 
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years,  especially  on  account  of  its  practical  application  in  diagnosis. 

The  general  fact  is  that  as  an  individual  adapts  himself — that  is,  becomes 
immunized — to  a  special  bacterium  or  its  toxic  products,  either  in  the 
course  of  an  infectious  disease  or  as  the  result  of  artificial  processes, 
his  serum,  if  placed  under  suitable  conditions  in  contact  with  cultures  of 

this  special  micro-organism,  may  speedily  immobilize  the  organism  if  it 
be  motile,  and,  whether  motile  or  not,  lead  to  its  clumping  into  irregular 
masses.  This  reaction  has  been  used,  not  only  as  a  clinical  test  of 
special  infections/  but  also  as  a  means  of  differentiating  species  or 
varieties  of  bacteria. 

Group  Agglutination. — But  the  serum  of  an  animal  adapted  to  a  particular 
bacterial  species  sometimes  has  the  power  of  agglutinating  closely  related  organisms, 
such,  for  example,  as  members  of  the  colon-typhoid  group. 

However,  the  organism  used  for  adaptation — the  so-called  "homologous"  organ- 
ism— ^usually  agglutinates  in  so  much  greater  dilutions  than  do  the  other  organisms  of 

this  group — the  heterologous  organisms — that  with  due  care,  in  spite  of  the  group 
agglutination,  the  test  is  useful. 

Recent  studies  have  emphasized  the  fact  that  agglutination  is  a 
much  more  general  phenomenon  than  has  been  commonly  supposed,  and 
is  by  no  means  limited  to  the  sera  of  animals  immunized  against  bacteria 
and  bacterial  products. 

For  example,  in  the  adaptation  of  one  animal  to  the  red  blood  cells 
of  another  species,  the  serum  of  the  adapted  animal  may  become  not  only 
lytic  but  agglutinative  also  for  the  corpuscles  used  for  the  injections. 
This  is  true  not  only  in  adaptation  to  red  blood  corpuscles  but  to  other 

cells  as  well.  We  have,  then,  to  add  agglutinative  substances  or  agglu- 
tinins to  the  list  of  those  which  are  developed  in  the  body  in  this  form  of 

adaptation.  (See  Table,  p.  188.)  These  also,  within  the  limits  already 
set  forth,  are  specific. 

Just  as  the  specific  red  blood  cells  are  capable  of  "  fixing '*  the  immune 
substance  in  lytic  serum,  so  also  the  agglutinating  substance  may  be 

'* fixed"  and  removed  from  serum  by  placing  in  contact  wuth  the  serum 
some  of  the  corpuscles  of  the  particular  animal  species  or  some  of  the 
bacteria  under  whose  influence  the  agglutinative  substances  were  formed. 

While  agglutinative  substances  are  developed  in  the  process  of 
immunization,  they  are  not,  so  far  as  we  know,  directly  protective,  though 

by  the  grouping  of  micro-organisms  the  action  of  phagocytes  may  be 
favored.  The  virulence  of  pathogenic  bacteria  is  not  reduced  by  agglutin- 
ation. 

The  agglutinative  seem  to  differ  in  many  ways  from  the  lytic  sub- 
stances. Thus  their  activities  are  not  suspended  by  a  temperature  of 

56°  C.  They  become  inert,  however,  at  a  higher  temperature — 70°  to 
78°  C. — and  their  agglutinating  capacity  is  not  restored  by  the  addition 
of  normal  serum.  It  is  inferred  from  this  fact  that  the  receptors  con- 

cerned in  agglutination  are  of  simpler  character  than  those  through 
which  lysis  is  secured. 

^  For  the  general  demonstrative  test  for  agglutinin  see  p.  193.  For  details  of  8i>ecial  applications  of 
the  agglutination  test  see  Wood's  "Chemical  and  Microscopical  Diagnosis,"  or  other  works  on  clinical pathology. 
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The  normal  blood  serum  of  some  animals  contains  substances  which 

are  agglutinative  for  the  red  cells  of  other  species.  Thus,  normal  beef 
serum  is  agglutinative  for  the  corpuscles  of  the  cat  and  rabbit.  This 
capacity  of  the  normal  serum  sometimes  is,  sometimes  is  not,  associated 
with  marked  lytic  capacity. 

The  mode  of  action  of  these  so-called  agglutinins  is  not  yet  very 
clearly  understood,  but  a  great  many  interesting  facts  have  been  devel- 

oped in  the  studies  on  the  general  phenomena  of  agglutination  which  we 
cannot  mention  here. 

The  specific  character  of  the  agglutination  reaction  has  led  to  its 
use  in  determining  the  nature  of  many  infections,  the  serum  of  the 

infected  individual  being  used  with  cultures  of  known  micro-organisms. 
On  the  other  hand,  the  test  is  often  useful  in  determining  the  specific 

character  of  closely  related  micro-organisms  and  their  variations.^ 

PRECIPITATING  SUBSTANCES. 

Precipitins. — There  is  still  another  way  in  which  the  body  reveals 
adaptive  alterations  in  the  presence  of  foreign  proteid  substances.  If 

a  few  cubic  centimetres  of  the  blood'serum  or  exudate  containing  globxdin 
from  one  animal  be  injected  into  the  subcutaneous  tissue  or  peritoneal 
cavity  of  another  species  in  repeated  doses,  it  is  found  that,  on  adding  a 
little  of  the  blood  serum  of  the  adapted  animal  to  a  dilution  of  the  fluid 
injected,  a  precipitate  is  formed.  This  reaction  is  also  specific,  save 
that  in  some  instances  body  fluids  from  closely  related  species,  such  as 
man  and  monkey,  fowl  and  pigeon,  sheep  and  goat,  horse  and  ass,  dog 
and  fox,  may  both  afford  a  precipitate.  But  this  precipitate  is  invari- 

ably much  more  marked  in  the  fluid  used  for  adaptation  than  in  the 
similar  fluid  from  the  related  species. 

This  reaction  is  extremely  delicate,  it  having  been  possible  to  recog- 
nize human  blood  in  a  dilution  of  1 :  50,000. 

By  the  use  of  this  test  Nuttall,  who  has  made  very  extensive  observa- 
tions, has  been  able  to  demonstrate  in  a  most  striking  fashion  phylo- 

genetic  relationships  between  animal  species  and  groups  of  species,  both 
warm  and  cold-blooded,  which  have  an  important  bearing  upon  classi- 
fication.^ 

The  Precipitin  Test  in  Forensic  Medicine. — The  use  of  this  precipitation  test 
has  been  urged  in  foreenic  medicine  to  reinforce  the  present  unsatisfactory  methods  of 
distinguishing  between  human  and  other  blood.  For  if  one  have  a  rabbit  or  other 
animal  artificially  adapted  to  human  blood  from  which  fresh  serum  can  be  secured 
(even  the  dissolved  dried  serum  will  answer),  he  has  only  to  dissolve  in  a  little  salt  solu- 

tion a  suspected  blood  clot,  and,  mixing  the  two,  observe  the  result.  If,  under  suitable 
conditions  of  dilution,  cloudiness  develops  within  a  short  time  or  if  a  precipitate  be 
formed,  it  is  claimed  that  the  suspected  material  could  have  been  derived  from  no 
other  animal  than  man.  Since,  however,  it  has  been  found  that  the  blood  not  only  of 
monkeys  but  of  some  other  of  the  lower  animals  may  give  slight  precipitates  under 
these  conditions,  and  since  other  human  fluids  containing  albuminous  substances,  such 

1  See  for  agglutination  tests  in  classification  Park,  Jour.  Inf.  Dis.,  Suppl.  No.  2,  Feb.,  1906,  p.  1. 
2  See  Nuttall  "  Blood  Immunity  and  Blood  Relationship,"  1904. 
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as  saliva,  pus,  inflammatory  exudates,  etc.,  may  also  give  precipitates,  it  is  evident 
that  the  result  of  this  test  should  be  interpreted  with  great  caution.  *  See  technique 
of  precipitin  test,  p.  194. 

The  white  of  a  hen^s  egg,  injected  into  the  peritoneum  of  a  rabbit,  after 
a  time  gives  rise  to  substances  in  the  rabbit's  serum  which  induce  a 
precipitate  in  fresh  solution  of  hen's  egg  albumen.  No  precipitate  is 
produced  by  this  serum  in  albumen  solutions  from  the  blood  of  the 
mammalia,  and  only  a  slight  precipitate  is  formed  in  the  egg  albumen  of 
related  fowls,  such  as  the  duck,  for  example. 

It  has  been  stated  that  by  the  adaptation  of  the  living  animal  to 
extracts  of  muscle  tissue  from  another  species,  precipitating  substances 
may  be  formed  in  the  serum  which  are  specific  for  the  muscle  used  in  the 
injection. 

Milk  of  one  animal  thus  introduced  into  the  body  of  another  gives 
rise  to  a  substance  in  the  adapted  animal  which  causes  a  precipitate  in 
the  diluted  milk  used  for  injection,  but  not  in  the  milk  of  another  species, 
save  sometimes  in  slight  degree  in  milk  from  closely  allied  animals. 

This  reaction  is  also  applicable  to  'plant  albumens.  Thus,  if  an  ani- 
mal be  adapted  to  a  given  species  of  bacteria,  its  blood-serum,  on  being 

added  to  the  clear  filtrate  of  the  pure  culture,  throws  down  a  precipitate 
which  is  in  some  instances  light,  in  others  voluminous.  This  reaction  is 
again  specific,  except  within  the  group  limits  of  related  species.  Thus, 

as  Norris  has  shown, ^  precipitating  substances  which  are  developed  by 
the  adaptation  of  the  rabbit  to  the  typhoid  bacillus  induce  a  slight  pre- 

cipitate in  the  culture  filtrate  of  the  colon  bacillus,  but  not  in  the  filtrate 
of  B.  prodigiosus ,  for  example. 

Numerous  experiments  have  shown  that  other  vegetable  albumens  call 
forth  specific  adaptive  precipitins. 

This  precipitation  test  is  so  delicate  that  it  appears  possible  not  only 
to  distinguish  the  albumens  from  different  animal  and  vegetable  species, 
but  to  differentiate  also  some  at  least  of  the  various  albuminous  sub- 

stances in  the  individual. 

Anti-precipitin. — ^Finally,  it  is  worthy  of  note  that  it  has  been  possi- 
ble, by  the  adaptation  of  a  fresh  animal  of  the  appropriate  species  to 

these  precipitating  sera,  to  obtain  ''antibodies'';  in  the  case  of  milk 
adaptation,  for  example,  by  the  use  of  the  so-called  lacto-serum,  to 
secure  an  antilacto-serum  capable,  when  added  to  the  test  fluids,  of 
preventing  the  formation  of  the  specific  precipitate. 

Nature  of  Precipitin. — A  great  deal  of  most  careful  research  has  been 
devoted  to  the  nature  of  the  precipitating  substances  which  the  scope 
of  this  book  does  not  permit  us  to  touch  upon.  But  it  should  be  said 

that  in  their  resistance  to  heat  and  in  other  ways  the  precipitating  sub- 

1  For  a  study  of  the  precipitation  test  for  blood,  bibliography,  see  Gra/iam-Smith,  Jour,  of  Hygiene, 
vol.  iii.,  pp.  258  and  354;  also  Ewing  and  Strauss,  Med.  News,  Nov.  7th  and  Nov.  14th,  1903, 

bibl.;  also  Robin,  N.  Y.  Med.  Jour,  and  Phila.  Med.  Jour.,  March  5th  and  12th,  1904;  also  Nuttall's book,  ref.  above,  p.  181.  For  the  suggestion  of  a  new  method  of  differentiating  bloods  by  a  htemolysis 
test  see  Neisser  and  Sachs,  Berl.  klin.  Wochensch.,  1905,  p.  1388.  For  special  details  of  the  most  re- 

cent methods,  see  Uhlenhuth  and  Weidam,  Praktische  Anleitung  aur  Ausfuhrung  des  biologtschen 
Eiweissdifferenzierungsverfahrens,  1909;  and  Leers,  Die  forensische  Blutuntereuchung,  1910. 

2  Norris,  Jour,  of  Infect.  Dis.,  vol.  i.,  p.  463,  1904. 
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Stances  appear  to  be  more  closely  related  to  agglutinating  than  to  lytic 
substances.  It  has  been  shown  that  the  specific  serum  precipitates  are 
capable  of  fixing  complement  and  removing  it  from  solutions  as  immune 

substances  may  be  fixed  and  removed — red  blood  cells  for  example — 
by  the  specific  elements  which  incite  their  formation,  see  p.  172.* 

The  Adaptive  Bodies  not  Permanent. — The  effects  of  foreign  cells  and 
their  derivatives  upon  whatever  body  cells  produce  the  lytic,  agglutin- 

ating, and  precipitating  substances  are  apparently  not  lasting,  since  if 
the  injections  be  suspended  they  gradually  disappear  from  the  serum. 
The  time  of  their  disappearance,  however,  like  that  of  appearance,  is 
not  regularly  the  same,  even  in  the  same  animal. 

OPSONIC  SUBSTANCES— OPSONINS. 

The  importance  of  phagocytosis  among  the  agencies  protective 
against  micro-organisms  has  been  for  some  time  fully  recognized  and 
many  facts  are  known  about  their  ingestion  and  intracellular  destruction. 
But  the  exact  processes  by  which  this  is  secured  and  the  effects  of  natural 
and  artificial  immunization  upon  phagocytosis  are  still  obscure.  It 

has  been  assumed  that  the  protective  substances  in  the  plasma  of  immu- 
nized individuals  stimulate  the  phagocytes  to  the  ingestion  and  destruction 

of  micro-organisms,  and  so-called  siimulins  have  been  the  subject  of 
much  discourse.  It  has  been  claimed  that  through  the  germicidal 
power  of  the  serum,  bacteria  are  killed  and  are  then,  more  readily  than 
when  living,  engulfed  by  phagocytes.  But  the  existence  of  stimulins 
has  not  been  demonstrated,  and  it  is  now  well  known  that  living  as  well 
as  dead  germs  are  ingested  and  destroyed  by  phagocytes.  It  has  been 
assumed  by  many  that  the  promotion  of  phagocytosis  by  immune  sera 
is  due  to  a  sensitizing  substance  {substance  sensibilisatrice)  which  by 
action  on  either  the  leucocytes  or  the  bacteria  changes  a  negative 
chemotaxis  into  a  positive. 

In  1904  Wright  and  Douglas.'  by  the  use  of  methods  suggested  by 
Leishman,'  discovered  in  normal  human  serum,  and  in  larger  amounts  in 
the  serum  of  persons  who  had  been  immunized  to  certain  micro-organ- 

isms, substances  which  when  placed  in  contact  with  the  specific  bacteria 
are  capable,  without  inducing  appreciable  morphological  changes,  of 

so  modifying  them  that  they  are  more  readily  taken  up  by  polymor- 
phonuclear leucocytes  than  are  the  bacteria  which  have  not  been  sub- 

ject to  this  preliminary  treatment  (see  Fig.  110).  These  substances 

Wright  and  Douglas  called  opsonins.^  Those  opsonins  tested  by  these 
observers  were  found  to  be  rendered  inert  by  heating  for  half  an  hour  at 

60°  C;  but  later  studies  of  others  have  shown  that  some  opsonins — 
the  opsonin  of  immune  sera,  for  example — are  more  thermostable, 

resisting  temperatures  above  70°  C.     It  was  shown  by  suitable  experi- 

*  See  Gay,  Centrbl.  f.  Bak.,  Bd.  xxxix.,  p.  603,  1905.  This  capacity  of  precipitates  to  fix  comple- 
ment has  an  important  bearing  on  the  accuracy  of  the  Wassermann  and  Noguchi  tests,  p.  278. 

*  Wright  and  Douglas,  Proc.  Royal  Soc,  1903,  vol.  Ixxii.,  p.  357;  also  ibid.,  1904,  vol.  Ixxiii.,  p.  128. 
'  Lnahman,  Brit.  Med.  Jour.,  1902,  vol.  i.,  p.  73. 
*  From  the  Latin  opsone,  I  prepare  food  for. 
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mcnts  that  opsonins  do  not  act  upon  the  phagocytic  colls,  but  only  upon 
the  bacteria. 

Many  studies  of  the  serum  of  normal  and  immunized  men  and  animals 
have  been  made  by  others  since  the  announcement  of  Wright  and 

Douglas.  They  are  in  general  confirmatory  and  many  new  and  interesi- 
ing  facts  have  been  discovered  relating  to  these  protective  substances 

— opsonins — present  in  the  serum  of  normal  individuals  and  markedly 
increased  in  the  serum  of  those  who  have  undergone  natural  or  artificial 

immunization  to  special  forms  of  bacteria.' 
Neufeld  and  Rimpau'  found  in  the  serum  of  artificially  immunized 

animals,  substances  acting,  not  upon  the  phagocytic  cells,  but  upon  the 
bacteria  in  such  ways  as  to  promote  their  ingestion.     These  substances 

t 

FlO,    110.— PUAOOCTTEB,    SHOWING   THE    EmjCTT   OF    OPSONIC   Sl-BSTAKCEB    II 

Keufeltl  and  Rimpau  called  bacleriotropic  in  distinction  to  bacteriolylic 
substances  sometimes  formed  in  immunization,  but  they  arc  apparently 
identical  with  opsonins. 

It  has  been  shown  by  Hoktoen  and  Huediger"  that  the  opsonins  in 
serum  and  plasma  resemble  toxins  in  that  they  apparently  have  toxoph- 
orous  and  haptophorous  molecular  groups  (see  p.  167),  by  which,  on 
the  one  hand,  they  secure  union  with  the  bacteria,  and,  on  the  other, 
effect  changes  in  these  organisms  which  render  them  susceptible  to 
phagoeyto.sis. 

The  opsonic  suhstaneos  occurring  normally  or  developing  in  immune 
serum  are  not  alone  capable  of  preparing  bacteria  for  cell  ingestion,  but 

other  formed  elements  as  well,  red  blood  cells,  for  example.*  Sub- 
stances opsonic  for  red  blood  cells  have  been  called  kam-opsonins  or 

erylhrocyto-op»oniits,  in  distinction  to  the  biicten'a-opsonins.  The  relation- 
ship of  opsonins  to  other  immune  substances — amboceptors  and  agglu- 

I  llie  sut»Unce  or  Kubf^laDPCs  which  Wright  and  Dounlns  Failed  opsonina  had  apparenlty  bea 
previouoly  dtsrribed  by  MptrhnikolT  nifixalturi.  of  whirh  there  seem  U>  be  two  fomu.  baclFriolvtic  mi 
phBKOi-ytic:  see  /.uAInn,  Ann.  Inm.  1'iu.teur,  I.  j<..  p.  MS.  190fl. 

'  SruIM  and  Kimpau.  Deut.  mpil.  Wnchc^nnehr.,  ltlU4.  |>.  1458;  also  ZeiU.  I.  Hyg.  u.  Iufkr..  Bd. 
li.,  11.  -IKi.  1905. 

'  W")l(om,  Jour.  Inf.  I)w..  vol.  Lii..  p.  721.  190(1. 
'  Xeu/M  and  Tr'p/tr,  (Viill.l.  (.  Hakt.,  Al.th.  1,.  Orig.  B.l.  xxxviii,.  p.  458,  190S. 



THE    RELATIONS    OF    MICRO-ORGANISMS   TO    DISEASE  185 

tinins — formed  in  similar  adaptive  processes  is  not  yet  clear,  but  they 
appear  to  be  distinct. 

Phagocytosis  of  red  blood  corpuscles  by  endothelial  and  other  cells 

in  the  lymph-nodes,  bone  marrow,  spleen,  etc.,  is  common  in  various  in- 
fections, notably  in  typhoid  fever  (see  p.  239),  as  well  as  in  toxic  and 

anaemic  conditions. 

Hektoen^  has  found  that  normal  serum  may  contain  opsonins  for 
heterologous  as  well  as  homologous  erythrocytes,  and  that  the  adapta- 

tion of  animals  to  alien  blood  commonly  gives  rise  to  the  accumulation 

of  haemo-psonins  in  the  blood.  He  has  shown,  furthermore,  that  leuco- 
cytes in  varying  degrees  may  be  phagocytic  for  opsonized  red  blood  cells. 

An  interesting  example  of  spontaneous  phagocytosis  by  leucocytes  has 
been  noted  occurring  after  direct  transfusion  in  a  case  of  pernicious 

anaemia.' 
Opsonins  of  immune  sera  appear  to  be  specific,  each  uniting  only  with 

the  formed  elements  under  whose  influence  the  special  adaptation  is 

secured.  In  this  union — called  "fixation'*  of  the  opsonin — the  formed 
elements — bacteria  or  red  blood  cells — are  said  to  be  sensitized^  and 
from  a  serum  containing  several  specific  opsonins  each  can  in  turn  he 
removed  by  fixation  to  its  special  cells  and  the  separation  of  these  by 
ccntrifugalization,  just  as  specific  amboceptors  may  be  separated  from 
haemolytic  or  bacteriolytic  sera.     (See  p.  172.) 

The  nature  of  the  alterations  which  bacteria  and  other  cells  undergo 
by  their  union  with  opsonins  is  not  understood.  The  bacteria  are  not 
killed  or  their  capacity  for  growth  diminished  by  it.  The  opsonins  of 
immune  sera  of  the  lower  animals  sensitize  bacteria  and  erythrocytes 
to  human  leucocytes,  and  vice  versa.  Thus  the  leucocytes  of  animals 
as  well  as  those  of  man  may  be  used  in  the  determination  of  the  presence 
of  opsonins  in  sera. 

It  is  clear  that  opsonic  action  is  of  the  highest  imp(5rtance  in  promot- 
ing phagocytosis.  It  is  also  evident  from  the  numerous  studies  which 

have  been  made  on  the  subject  that  in  many  instances  this  mode  of  de- 
struction of  bacteria  by  phagocytes  is  often  effective  under  conditions 

in  which  extracellular  bacteriolysis  does  not  suffice  for  the  protection  oc 
the  infected  individual. 

The  mere  fact  of  phagocytosis,  however,  is  not  evidence  of  success- 
ful protection,  since  the  ingested  bacteria  may  destroy  the  phagocyte  at 

once,  may  possibly  gain  in  its  interior  by  adaptation  an  exalted  viru- 
lence, or  may  be  transported  to  various  parts  of  the  body. 

The  virulence  of  bacteria  has  an  important  bearing  upon  the  effect- 
iveness of  phagocytosis.  It  has  been  found  that  bacteria  of  high  viru- 

lence are  much  less  susceptible  to  phagocytosis  than  are  the  less  virulent 
strains  of  the  same  species,  both  in  normal  and  in  immune  sera.  It 
would  appear  that  virulent  bacteria  may  be  protected  from  phagocytosis 
both  by  their  insusceptibility  to  opsonification  and  their  capacity  to 
produce  substances  harmful  to  the  phagocytes. 

>  Hektoen,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  434.  1906. 
*  Hopkins,  Arch.  Int.  Med.,  1910,  vi.,  270. 
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In  the  light  of  the  new  knowledge  of  opsonins  and  their  relations  to 
phagoeytosis,  the  occurrcnee  of  leueocytosis  in  various  infections  becomes 

of  special  significance.  For  if  either  a  local  oi-  general  leueocytosis  be 
fostered  hand  in  hand  with  the  effective  production  of  opsonins,  the 
conditions  would  appear  to  l>e  most  favorable  for  the  control  of  the 
infectious  processes. 

Clinical  Significance  of  Opsonins. — The  determination  of  changes  in 
the  opsonic  power  of  the  blood  serum  is  claimed  by  Wright  and  his  fol- 

lowers to  be  of  great  practical  importance  as  a  guide  to  the  administration 
of  immunizing  substances  in  the  treatment  of  certain  forms  of  infection. 
For  a  rise  in  the  opsonic  content  marks,  in  accordance  with  this  view,  the 
successful  development  of  those  protective  substances  in  the  body  which, 
by  uniting  with  the  bacteria,  favor  phagocytosis.  If,  on  the  other  hand, 
after  the  administration  of  immunizing  substances,  the  opsonic  power 
falls,  as  is  sometimes  the  case,  and  continues  low,  the  indication  is  for  a 
reduction  or  suspension  of  the  dosage. 

Remarkable  curative  n^sutts  are  recorded  as  the  result  of  the  admin- 
istration of  sterilized  and  standardized  suspensions  of  the  dead  bodies 

of  Staphylococcus  pyogenes  aureus  in  furunculosis  and  carbuncle,  and 
of  the  tubercle  bacillus  in  tuberculosis,  especially  in  its  local  phases, 
as  well  as  in  other  infections.  But  for  success  in  these  or  other  forms  of 

artificial  active  immunization  with  the  dead  bodies  of  specific  micro- 
organisms, great  stress  is  laid  by  Wright  on  the  control  of  the  treatment 

by  the  constant  observation  of  the  opsonins.  The  dead  bodies  of  cultures 

used  in  this  way  are  called  by  Wright  and  his  followers  "vaccines."' 

Aa  3ugg«1c<l  by  Wright. 

Opsonic  Poweh  akd  its  Determination, ^Studies  of  the  effects  of  opsonins  upon 
bacteria  aa  marked  by  phagocytosis  are  readily  made  outside  the  body.  The 
simplest  form  of  observation  may  be  made  by  mixing  ci|ual  parts  of  defibrioated  blood 
and  a  suspension  of  a  bacterial  culture  in  0,85-per-cent.  solution  of  Bodium  chlorid, 
keepiofi;  this  tor  fifteen  to  twenty  minutes  at  37°  C,  staining  smears  made  upon  a 
slide,  and  then  determining  the  average  number  of  bacteria  found  in  the  polymorpho- 

nuclear leiicocyten.  Since,  however,  under  these  conditions,  the  leucocytes  are  too 
few  to  obtain  readily  the  averages  of  a  large  number,  it  has  been  found  desirable  for 
most  purposes  to  concentrate  the  leuoocvtcs  by  the  centrifuge.  The  blood  is  diluted 
as  it  is  drawn  with  a  solution  of  sodium  citrate  1 .0  percent,  in 0 . SS-per-cCDt.  solution 

sub^lsnrrs  iiaci  IhiEv  uxed  ui  Ihe  Irndilionn)  vncriniition  for  nninllpox  i»  no(  close.    Fnr  n  summuy 

ot  the  melhmL.  of  prpimring  varcinp,  art  Him  and  Zin.jrr.  ■'Tcxl-book  o(  Boclrriology,"  p,  284,  IBIO. 
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of  sodium  chlorid.  This  prevents  coagulation,  and  the  performances  of  living 
leucocytes  are  not  interfered  with.  This  dilution  can  be  effected  by  drawing  blood 
from  the  finger  tip  into  small  glass  capsules  (Fig.  Ill)  containing  the  sodium-citrate 
solution.  This  blood  dilution  may  now  be  centrifugalized,  and  the  leucocytes, 
which  take  a  place  above  the  red  cells,  may  be  drawn  off  by  a  pipette,  washed  with 
salt  solution,  and  centrifugalized  twice  to  remove  the  citrate,  and  then  mixed  with 
the  bacterial  suspensions  and  with  the  serum  to  be  tested.  This  mixture  is  incubated 
for  fifteen  to  twenty  minutes;  the  smears  are  stained  by  the  Jenner  method  (see 
p.  468). 

In  comparative  studies  it  is  necessary  to  free  the  leucocytes  from  their  own  serum 
by  repeated  washing  in  salt  solution  with  centrifugalization,  before  testing  their  phago- 

cytic power  with  bacteria  exposed  to  an  heterologous  serum.  Such  washed  leucocytes 
are  found  to  be  incapable  of  ingesting  many  forms  of  bacteria. 

The  determination  of  the  opsonic  power  of  sera  in  routine  practice,  following 
largely  the  suggestion  of  Wright,  maj'  be  briefly  outlined  as  follows. 

This  capacity  of  the  serum  is  tested  and  measured  by  mixing  three  substances: 
1.  Washed  living  leucocytes  from  man,  one  volume. 
2.  A  uniform  suspension  of  a  culture  of  the  selected  micro-organisms,  one  volume. 
3.  The  serum  whose  opsonic  power  is  to  be  tested,  one  volume. 
These  three  substances  are  mixed  in  capillary  tubes  and  kept  for  fifteen  to  twenty 

minutes  at  37®  C.  A  portion  of  the  mixture  is  then  smeared  upon  the  slide  and  stained 
by  the  Jenner  method^  which  stains  both  the  phagocytes  and  the  bacteria.  Now 
under  the  microscope  one  examines  the  leucocytes  as  they  come  into  the  field,  and 
counts  the  number  of  bacteria  which  each  leucocyte  has  ingested.  At  least  forty  of 
these  leucocytes  should  be  examined.  The  average  number  of  bacteria  in  the  leuco- 

cytes obtained  by  dividing  the  whole  number  of  bacteria  found  by  the  number  of 
leucocytes  examined,  gives  what  is  called  the  phagocytic  counts 

Opsonic  Index. — If  the  phagocytic  count  obtained  with  the  use  of  the  serum  of 
normal  man  be  considered  as  the  unit,  the  proportion  which  the  phagocytic  count  of 
the  special  serum  bears  to  the  unit  is  called  the  opsonic  index. 

Thus,  if  the  average  number  of  bacteria  ingested  by  the  leucocytes  after  exposure 
to  normal  serum  is  5,  and  if  the  average  number  ingested  by  the  phagocytes  after  ex- 

posure to  the  special  serum  to  be  tested  should  be  4,  then,  reducing  the  figures  to  the 
basis  of  unity  for  the  normal  serum,  the  opsonic  index  would  be  0.8. 

The  significance  of  the  opsonic  index  in  the  treatment  of  infections  and  the  value 

and  mode  of  action  of  the  bacterial  "vaccines"  are  still  sub  judice.  Many  factors  in 
the  life  and  performances  of  the  individual  seem  to  modify  the  opsonic  index;  the 
variation  in  the  number  of  bacteria  ingested  by  phagocytes  is  so  great  that  the  validity 
of  averages  in  determining  the  opsonic  index  must  in  each  case  be  carefully  judged. 
Variabilities  in  the  characters  of  the  leucocytes  have  not  yet  been  fully  investigated,  so 
that  altogether,  while  great  theoretical  and  practical  interest  attaches  to  the  bacterio- 
tropic  substances  called  opsonins,  it  remains  for  further  and  much  more  extended  ob- 

servation to  determine  their  real  significance'  and  the  practical  value  of  the  so-called 
"vaccines"  in  various  infections.  Finally,  the  importance  of  the  opsonic  index  as  a 
guide  to  immunization  by  "  vaccines"  has  not  yet  been  established. 

1  See  p.  468. 

'  For  the  determination  of  the  phagocyte  count  in  opsonized  tubercle  bacilli  the  following  procedure 
is  recommended  by  Ross: 

1.  Fix  smears  of  opsonized  bacteria  and  leucocytes  in  a  saturated  aqueous  solution  of  corrosive 
sublimate  for  one-half  minute. 

2.  Rinse  quickly  in  water. 

3.  Stain  with  Ziehl's  carbolic  fuchsin,  heating  the  slide  until  the  fluid  barely  steams  (boiling 
injures  the  leucocytes). 

4.  Rinse  quickly  in  water. 

5.  Decolorize  quickly — a  few  seconds — in  2.5-i>er-cent.  sulphuric  acid. 
6.  Wash  in  five-per-cent.  glacial  acetic  acid  for  one  minute  or  less. 
Counterstaining  may  be  effected  in  the  following  solution:  methylene  blue,  0.5  gramme;  sodium 

carbonate,  0.5  gramme:  water,  100  c.c.     Stain  about  one-half  minute.     Rinse  in  water. 
'  For  an  excellent  summary  of  phagocytosis  and  opMSonins  see  Hektoen,  Jour.  Amer.  Med.  Assn., 

vol.  xlvi.,  p.  1407,  1906.  For  bibl.  and  summary  of  opsonins  see  Potter,  Dilman,  and  Bradley,  Jour. 
Amer.  Med.  Assn.,  vol.  xlvii.,  pp.  1722  and  1793,  1906.  Also  see  Wright,  Studies  on  Immunization, 
1909. 
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In  his  studies  upon  opsonins  Wright  has  devised  many  delicate  and  clever  tech- 
nical procedures  for  collecting,  measuring,  standardizing,  and  mixing  the  various  ele- 
ments involved  in  the  reactions,  with  which  the  worker  in  this  field  should  make  him- 

self familiar.  *  Furthermore,  much  practice  is  required  and  many  sources  of  possible 
error  must  be  learned  before  one  can  be  certain  that  his  results  are  to  be  relied  upon. 

Although  we  have  considered  separately  the  development  in  the  body 
of  cytolytic,  agglutinating,  precipitating,  and  opsonic  substances,  it 
should  be  remembered  that  these  may  be  and  often  are  formed  together 
in  the  same  animal. 

Table  (After  Aschoff)    Showing  Various  Forms    of  Adaptation   Products, 
WITH  their  Relationships  and  Synonyms. 

The  body-cells 
i  n  adapta- 

tion to  alien 
substances 

of  protoplas- 
mic origin 

may  e  1  a  b  - orate 

Antitoxins, 
Antiferments, 

Cytolysins, 
(Cy  to  toxins), 

Agglutinins, 
Precipitins, 

J  Opsonins? — Fixateurf 

Hfiemolysins, 

B  a  c  t  e  r  i  olysins — 
bacteriocidal  sub- 
stances. 

Special  Cy  to  toxins : 
Sperma  toxin, 
Nephro  toxin, 
Hepato toxin,  etc.  J 

Formed     of 

two 
substances. 

Complement : Alexin, 

Addiment, 

Cytase. Amboceptor: 
Immune  body, 

I  n  t  e  rmediar>' 

body, 

Substance  Sen- sibilisatricef 
Fixateur, 

Prdparaior, 
Copula, 
Desmon. 

B 

Cytotoxins, 
The  "antibodies"  ]  Agglutinins, Precipitins, 

may  lead  to  the  for- 
mation of 

''  anti-antibodies." 

Anticytotoxins, 
Anticomplements, 

Antiamboceptors  (anti- immune  bodies). 
Antiagglutinins, 
Antiprecipitins. 

LEUCOCYTE  EXTRACT. 

We  have  seen  that  the  phagocytes,  particularly  the  polymorpho- 
nuclears are  possessed  of  very  subtle,  and  in  the  aggregate  very  powerful, 

capacities  for  bacterial  cell  destruction  both  in  their  interior,  and  through 
the  substances  which  they  may  furnish  to  the  body  fluids. 

It  is  apparent  that,  in  the  complex  series  of  adaptations  to  one 
another  in  infection  of  the  body  cells  on  the  one  hand  and  the  micro- 

organisms on  the  other,  the  balance  must  often  be  very  nice  in  this 
muster  of  opposing  forces. 

Hiss  has  proposed,^  therefore,  that  the  overtaxed  or  threatened  phago- 
cytes might  be  aided  in  an  emergency  if  an  extract  of  cells  of  their  own 

1  For  general  technique  of  opsonic  work  see  Welker^  Jour.  Med.  Res.,  xix.,  p.  237,  1908. 
2  Hiss,  Jour.  Med.  Res.,  xiv.,  3,  1908. 
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kind  in  diffusible  form  such  as  might  be  secured  by  a  sterile  emulsion 
of  dead  cells  were  introduced  into  the  body. 

He  has  prepared  such  extracts  and  they  have  been  administered 
both  to  men  and  to  animals  in  divers  infections  with  marked  benefit  in 

a  large  proportion  of  cases.  Cases  of  cerebrospinal  meningitis,  lobar 
pneumonia,  staphylococcus  and  streptococcus  infection  have  been  thus 
treated  and  in  experimental  animals  the  infective  processes  induced  by 
the  pyogenic  bacteria,  meningococcus,  typhoid  and  dysentery  bacilli,  and 
others  has  been  markedly  modified. 

Preparation  of  Leucocyte  Extracts. — The  exudates  containing  a  large  proportion 
of  leucocytes  are  secured  from  rabbits  by  intrapleural  injection  of  sterilized  aleuronat 
(see  p.  195).  After  twenty-four  hours  the  copious  exudate  is  withdrawn,  the  cells 
separated  by  the  centrifuge.  These  cells  are  extracted  with  sterile  distilled  water 
and  after  careful  control  as  to  the  freedom  from  bacteria  of  the  final  emulsion,  this 
is  introduced  beneath  the  skin.^ 

DIVERSION  OF  COMPLEMENT. 

It  has  been  shown  that  the  relative  proportions  of  amboceptors  and  complements 
present  in  bacteriolysis  is  not  a  matter  of  indifference. 

Thus  if  one  add  increasing  amounts  of  amboceptors,  in  the  form  of  immune  serum, 
to  fixed  volumes  of  bacterial  emulsion  and  complement,  i.e.,  normal  serum,  it  is  found 
that,  on  the  addition  of  a  small  amount  of  amboceptor,  i.e.,  immune  serum,  complete 
bacteriolysis  may  be  secured.  But  if  a  greater  amount  of  amboceptor  be  added  than 
is  necessary  to  secure  complete  lysis,  the  latter  may  fail  to  occur. 

From  such  experiments  it  has  been  assumed,  probably  incorrectly  however,  that 
when  in  such  mixtures  amboceptors  are  present  in  considerable  excess,  while  some 
of  the  amboceptors  combine  with  complement,  other  free  amboceptors  may  unite 
with  the  receptors  of  the  bacterial  cells  more  readily  than  the  combination  group  of 

complement-amboceptor  will  do,  and  in  this  way  the  union  of  complement-ambocep- 
tor  and  cell  receptor  necessary  for  effective  lysis  is  prevented.  This  has  been  called 
diversion  or  deviation  of  the  complement.  The  phenomenon  is  much  more  probably 
due  to  the  binding  of  the  complement  by  other  substances  present  in  the  mixture, 
and  not  to  a  union  of  the  cell  receptors  with  the  excess  of  amboceptor. 

FIXATION  OF  COMPLEMENT. 

We  have  seen  when  considering  haemolysis  (page  172),  that  when  hemolytic  serum 
which  contains  amboceptors  is  heated  to  destroy  its  complement,  the  amboceptor,  if 
placed  in  contact  with  the  species  of  red  blood  cells  to  which  it  has  been  adapted, 

unites  with  them.  Such  blood  cells  are  said  to  be  "sensitized,"  because  if  now  a 
small  amount  of  complement  in  the  form  of  fresh  normal  serum,  "activating  serum," 
be  added,  haemolysis  takes  place. 

Similarly  when  heated  bacteriolytic  amboceptor  in  the  form  of  an  immune  serum 

is  added  to  its  homologous  bacteria — antigens — the  latter  are  sensitized  and  are  thus 
capable  of  absorbing  and  using  up  complement  if  fresh  normal  serum  be  added. 

This  delicate  hemolytic  reaction  several  years  ago  was  made  the  basis  of  an 

ingenious  method  of  testing  for  the  presence  of  immune  body  by  Bordet  and  Gengou.^ 
The  Bordet-Gengou  test  has  been  characterized  as  the  method  of  fixation  of  comple- 

ment for  reasons  which  will  be  made  clear  through  an  example,  as  follows. 
If  one  take  bacteriolytic  amboceptor  in  the  form  of,  say,  heated  typhoid  immune 

1  For  a  study  of  bactericidal  substances  in  leucocyte  extracts,  see  Zinsser,  Jour.  Med.  Res.,  xxii., 
397,  1910. 

*  Bordet  and  Oengou,  Ann.  de  I'lnst.  Pasteur,  1901. 



190  THE    RELATIONS    OF    MICRO-ORGANISMS   TO    DISEASE 

serum  and  add  to  this,  first,  an  emulsion  of  typhoid  bacilli  and,  second,  complement  in 
the  form  of  fresh  normal  serum,  and  allow  these  to  stand  for  five  hours,  it  is  evident 
from  what  we  have  seen  above  that  the  complement,  if  this  has  been  added  in  proper 
proportion,  will  have  been  all  absorbed  in  the  bacteriolytic  reaction  between  itself, 
the  amboceptor,  and  the  typhoid  bacilli.  So  that  if  we  now  add  sensitized  red  blood 
cells,  i.e.,  heated  haemolytic  serum  and  red  blood  cells,  no  haemolysis  will  take  place 

because  the  complement  necessary  for  this  was  previously  absorbed,  that  is  "fixed," 
in  the  bacteriolytic  reaction. 

That  this  is  actually  the  case  may  be  shown  by  replacing  in  the  above  experiment 
the  heated  typhoid  immune  serum  by  heated  normal  serum.  In  this  case  on  the 
addition  of  the  sensitized  red  blood  cells  haemolysis  occurs. 

This  method  assumes  that  in  the  activating  serum  the  hemolytic  and  bacteriolytic 
complement  are  identical  at  least  in  their  combining  capacities. 

This  ''fixation  of  complement"  has  been  brought  more  recently  into  practical  use 
in  testing  for  immune  bodies  in  diagnosis  (see  Wassermann  reaction),  as  well  as  in  the 
determination  of  bacterial  species  and  in  the  diflferentiation  of  proteins. 

ANAPHYLAXIS— HYPERSUSCEPTIBILITY. 

These  terms  are  applied  to  a  condition  of  extreme  susceptibility  which 
may  be  induced  in  the  animal  body  by  its  adaptation  to  certain  protein 
substances  such  as  blood  serum,  white  of  egg,  bacterial  and  vegetable 

proteins. 
Attention  was  called  to  this  condition  of  hypersusceptibility  in 

animals  by  Theobald  Smith,  and  it  was  observed  in  man  and  discussed 

under  the  name  of  *^  serum-sickness,"  during  the  early  days  of  serum 
therapy.^  It  is  exemplified  in  the  tuberculin  and  mallein  reactions. 
But  not  until  experimental  studies  were  made  on  the  subject  did  its 
great  significance  become  evident. 

The  action  of  horse  serum  upon  guinea-pigs  has  been  most  carefully 
followed.' 

Briefly,  it  may  be  stated  that  the  subcutaneous,  intraperitoneal  or 

intravenous  injection  of  a  large  dose — say  5  c.c. — of  an  alien  serum  into 
an  animal,  as  is  frequently  done  in  the  ordinary  processes  of  immuniza- 

tion, gives  rise  to  no  obvious,  immediate  effect  upon  the  well  being  of 
the  animal,  and  may  again  and  again  be  repeated  with  impunity.  But 
if,  in  the  guinea-pig,  the  dose  of  5  c.c.  of  horse  serum  be  preceded  ten  or 
twelve  days  by  a  very  small  dose,  even  so  little  as  1/100,000  of  a  c.c.  of 
the  same  horse  serum,  it  will  usually  be  found  that  the  5  c.c.  dose  will 
kill  the  animal  within  a  few  moments  or  a  few  hours.  Death  seems  to 

occur  as  the  result  of  a  rapid  intoxication.  An  animal  in  this  vulnerable 
condition  is  said  to  be  hypersensitized,  and  the  transfer  of  its  serum  to 
another  guinea-pig  may  induce  in  the  latter  a  passive  hypersensitiveness. 

Visceral  haemorrhages  in  the  gastro-intestinal  canal,  lungs,  spleen, 
heart,  etc.,  are  found  in  animals  which  have  succumbed  from  anaphy- 

laxis.    In  cases  of  rapid  death  the  lungs  may  be  distended  and  do  not 

'  See  Rosenau  and  Anderson,  U.  S.  Hygien.  Lab.  Bull.,  29,  1906;  also  Weaver,  Arch.  Int.  Med., 
iii.,  4H5.  1909. 

'  See  Rosenau  and  Anderson,  V.  S.  Hygien.  Lab.  Bull.,  29,  30,  36;  and  Jour,  of  Infec.  Dis.,  vol.  v., 
p.  65,  1905;  also  Sterling,  Anderson  and  Rosenau,  Jour.  Med.  Rea.,  vol.  xvi.,  p.  1,  and  Gay  and  Southard^ 
Ibid,  p.  16,  1907. 

For  general  summary  with  bibl.,  see  Andermn  and  Rosenau,  Harvey  Lectures,  1908-9. 
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collapse.  Auer*  and  Lewis  have  shown  that  the  rapid  death  w^hich 
occurs  in  highly  sensitized  guinea-pigs  is  due  to  asphyxia  induced  by  a 
tetanic  contraction  of  the  smooth  muscles  of  the  bronchioles. 

Many  hypotheses  have  been  advanced  in  elucidation  of  these  singular 
and  significant  phenomena.  • 

The  studies  of  Vaughan  and  Wheeler^  seem  to  show  that  this  remark- 
able condition  may  be  brought  about  through  the  peculiar  way  in  which, 

as  Vaughan  has  shown  in  a  long  series  of  studies,  bacterial  and  other 
proteins  may  be  broken  up  in  the  body. 

These  observers  believe  that  there  is  in  the  animal  body  an  enzyme, 
limited  in  amount,  which  breaks  up  alien  protein  into  toxic  and  non- 

toxic components.  Following  the  sensitizing  injection,  this  molecular 
resolution  proceeds  slowly  without  obvious  effects  upon  the  organism. 
But  during  this  gradual  adaptation  to  the  alien  protein,  in  the  interval 
between  the  sensitizing  and  the  final  injection,  the  protein  splitting 
enzyme  has  been  formed  in  such  considerable  (juantity,  that  on  the 
introduction  of  the  second  dose  so  much  of  the  toxic  component  of  the 

protein  is  speedily  set  free,  that  death  follows.' 
But  while  the  data  concerning  anaphylaxis  are  large  and  increasing, 

it  is  doubtful  whether  any  of  the  numerous  current  theories  as  to  its 
nature  are  adequate. 

The  Bearing  of  the  New  Studies  on  Serum  Therapy. — We  have  seen  in  an  earlier 
section  that  the  use  of  the  blood  serum  of  animals  immunized  against  pathogenic 

micro-organsims  for  protective  purposes  in  man  has  been  of  practical  value  in  but  few 
instances,  and  these  mainly  in  cases  in  which  the  protective  action  was  antitoxic. 
Protective  sera  for  pneumonia  and  typhoid,  streptococcus  septicsemia,  plague,  tuber- 

culosis, cholera,  and  many  other  infectious  diseases  whose  chief  toxic  incitors  seem  to 
be  endotoxins  have  been  persistently  tested  and  found  to  be  for  the  most  part  of 
doubtful  value  in  man. 

But  in  the  light  of  the  new  knowledge  of  cytolytic  sera,  and  the  conditions  under 

which  these  may  be  effective,  the  promise  of  serum  therapy,  so  long  limited  to  anti- 
toxic immunity,  seems  now  to  be  more  encouraging. 

It  is  possible  that  the  reason  why  the  serum  of  an  animal  immunized  against  a 
given  pathogenic  micro-organism  is  not  protective  is  that  neither  this  serum  nor  the 
body  fluids  of  the  individual  into  whom  it  is  injected  for  protective  ends  contain  suffi- 

cient or  suitable  complements. 

We  have  seen  in  our  review  of  haemolysis  that  haemolytic  serum  heated  to  56°  C. 
loses  its  lytic  power  owing  to  the  destruction  of  the  very  labile  complement*.  We  have 
seen,  further,  that  this  power  is  restored  by  the  addition  of  a  little  fresh  serum  from  a 
normal  animal;  that  is,  serum  containing  complement.  Now  it  has  been  found  that 

this  "reactivation"  of  the  serum,  as  it  is  called,  can  often  be  brought  about  by  the 
sera  of  various  animals.  Thus,  for  example,  the  serum  of  the  guinea-pig  adapted  to 
the  er>'throcytes  of  the  rabbit  is  lytic  for  these  cells  of  the  rabbit.  If  such  serum  be 
heated  to  56°  C.  it  is  no  longer  lytic,  the  activities  of  the  complement  are  destroyed; 
but  the  serum  can  be  reactivated  by  a  little  fresh  serum,  not  only  from  a  normal  rabbit, 
but  from  the  goat  and  the  rat.  The  serum  of  many  other  animals,  however,  is  ineffec- 

tive under  these  conditions.  The  reason  for  this,  of  course,  in  accordance  with 

Ehrlich's  hypothesis,  is  that  the  complements  of  the  reactivating  sera  have  combining 
capacity  with  the  special  amboceptors,  and  so  can  become  effective,  while  in  other 

1  Auer  and  Lewis,  Journal  of  Exp.  Med.  xii.,  151,  1910. 
'  Vaiighan  and  Wheeler,  Jour.  Infect.  Dis..  vol.  iv.,  p.  476,  1907. 
•  For  a  conception  of  the  phenomena  of  anaphylaxis  in  terms  of  Ehrlich's  receptor  hypothesis  see 

Lewis,  Jour.  Exp.  Med.,    vol.  x.,  p.  24,  1908. 
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sera,  the  linkinfi;  of  the  complement  to  the  red  cells  through  the  amboceptors  being 
impossible,  there  can  be  no  restoration  of  the  lytic  action. 

It  is  not  difficult  to  secure  immune  substances  (amboceptors)  by  the  adaptation  of 
animals  to  various  kinds  of  pathogenic  bacteria.  These  may  be  formed  in  such  abun- 

dance as  to  be  out  of  proportion  to  the  complements.  But  unless  these  immime  sub- 
stances, when  injected  into  |he  body  for  protective  purposes,  either  carry  with  them  or 

find  in  the  new  environment  an  abundance  and  appropriate  forms  of  complements,  they 
are  not  wholly  available  in  destroying  bacteria.  ()ne  of  the  great  problems  of  the 
immediate  future,  then,  so  far  as  serum  therapy  is  concerned,  seems  to  be  to  secure 
suitable  complements  to  act  with  immune  substances  if  the  former  do  not  exist  in  the 
human  fluids,  or  to  reinforce  these  substances  from  the  sera  of  suitable  animals  if  the 
human  stock  be  scanty.  There  is,  however,  much  ground  for  believing  that  in  order 
to  be  most  effective  the  complements  with  which  we  may  seek  to  reinforce  the  potency 
of  bacteriolytic  sera  in  man  should  come  from  species  closely  allied  to  him. 

If  the  securing  of  an  appropriate  complement  is  thus  of  such  importance  in  the 
attempt  to  prei)are  bacteriolytic  sera  for  therapeutic  purposes,  the  maintenance  of 
sufficient  complements  in  the  human  body  must  be  of  the  utmost  significance  in  its 
intrinsic  protective  mechanism  against  infection.  That  this  consideration  is  not 

without  support  in  fact  is  shown  by  the  studies  of  Abbott,  Longcope,  and  others,*  who 
have  found  that  after  the  continuous  administration  of  alcohol  and  in  various  chronic 

as  well  as  acute  diseases,  the  amount  of  complement  in  the  blood  may  be  notably 
reduced.  We  have  thus  a  definite  contribution  to  our  knowledge  of  one  of  those  fac- 

tors in  predisposition  to  infection  which,  in  a  general  way,  are  so  fully  recognized,  but 
which  are,  for  the  most  part,  but  ill-defined  and  little  understood. 

But  the  securing  of  effective  bactericidal  and  bacteriolytic  agents  would  not 
in  itself  be  a  satisfactory  solution  of  this  urgent  problem  in  serum  therapy.  One  can 
readily  conceive  that  complete  success  in  this  respect  might  be  an  added  source  of 
danger  to  the  victim  of  infection.  For  in  case  of  those  bacteria  whose  harmful  effects 
in  the  body  seem  to  arise  largely  through  the  setting  free  of  endotoxins  it  is  probable 
that  if  these  were  not  at  once  and  properly  combined  or  otherwise  cared  for  the 
wholesale  destruction  of  the  bacteria  might  prove  a  curse  and  not  a  blessing. 

The  Specific  Character  of  Artificial  Immunization. — It  is  not  yet  possi- 
ble to  say  in  many  cases  to  what  extent  the  immunization  effected  in  any 

of  the  various  ways  indicated  above  is  specific.  In  some  cases  it  appears 
to  be  so.  That  is  to  say,  the  protection  which  is  afforded,  for  example, 
by  an  attack  of  diphtheria  or  by  the  gradually  increased  administration 
of  the  diphtheria  toxin,  or  by  the  use  of  the  immunizing  serum,  is  limited 
to  this  particular  disease,  and  is  not  to  be  secured,  at  least  in  such 
marked  degree,  by  the  use  of  other  bacteria  or  bacterial  products.  In 

some  instances,  on  the  other  hand,  immunization  against  one  micro- 
organism or  its  toxins,  or  against  special  toxic  substances,  affords  pro- 

tection against  infection  or  intoxication  by  entirely  different  agents. 
Thus  animals  may  be  immunized  against  anthrax  by  inoculation  with 
bacillus  pyocyaneus. 

It  should  be  borne  in  mind,  however  much  importance  we  may  attach 
to  the  formation  and  action  of  the  antitoxic  substances,  that  these  are 
not  necessarily  always  present  either  in  natural  or  acquired  immunity  to 

bacteria  or  their  toxins.  Tolerance  to  bacterial  toxins  may  be  estab- 
lished, as  may  tolerance  to  other  kinds  of  poisons,  without  the  inter- 

vention of  antitoxic  or  other  chemical  agents. 

The  Complexity  of  the  Processes  Involved  in  Immunization. — It  thus 
appears  that  while  we  know  a  great  deal  about  the  ability  of  the  living 

For  a  study  of  this  subject  see  Longcope,  Jour,  of  Hygiene,  vol.  iii.,  1903,  p.  28. 
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body  to  protect  itself  against  the  incursions  of  micro-organisms  and  the 

ravages  of  their  poisons;  while  a*  field  is  opened  for  the  study  of  arti- 
ficial immunization  which  is  of  the  highest  promise,  both  for  the  advance- 

ment of  science  and  for  practical  benefit  to  the  victims  of  infectious 

disease;  while  illuminating  and  far-reaching  hypotheses  are  current 
which  account  for  many  of  the  complex  phenomena,  we  are  yet  very  far 
from  comprehending  many  of  the  details  of  the  processes  by  which 
immunization  is  secured. 

We  do  not  know  why  the  cells  of  certain  animals  or  why  diiferent 
kinds  of  cells  in  the  same  animal  are  more  susceptible  than  others  to  the 

presence  of  particular  poisons;  why,  for  example,  the  rabbit  is  less  sus- 
ceptible than  man  to  morphine;  why  strychnine  should  affect  the  nerves 

while  curare  acts  upon  the  muscles;  why  the  common  fowl  should  be 
extremely  insusceptible  to  the  tetanus  toxin  so  powerful  in  many  other 
animals.  We  are  even  ignorant  as  yet  in  most  cases  of  either  the  chem- 

ical or  structural  changes  in  cells  by  which  the  deleterious  action  of 
poisons  is  effected.  This  is  indeed  not  surprising  when  we  reflect  that 
the  processes  which  are  involved  are  of  the  most  subtle  and  complex 
nature  and  that  our  knowledge  of  cell  metabolism  even  under  normal 
conditions  is  most  crude  and  fragmentary,  consisting  largely  in  rather 

gross  determinations  of  end-products  and  leaving  out  of  the  account 
the  numberless  molecular  transformations  and  combinations  through 
which  the  life  processes  of  the  cell  are  carried  on. 

The  living  body-cell  is  very  nicely  adapted  to  its  normal  environ- 
ment; the  living  bacterium  is  almost  equally  sensitive  to  the  conditions 

under  which  its  metabolism  takes  place.  Thus  it  is  that,  when  these 
subtle  organisms  react  upon  each  other,  we  are  wholly  unable  with  our 

present  knowledge  to  follow  the  steps  by  which  the  more  gross  mani- 
festations of  disturbance  which  we  call  disease  are  reached. 

But  there  seems  to  be  abundant  ground  for  the  belief  that  the  pro- 
tective agencies  which  are  evoked  in  both  natural  and  artificial  immuni- 

zation are  simply  those  which  the  body  makes  use  of  in  its  normal  metab- 
olism, exaggerated  and  diverted  to  different  ends,  it  is  true,  in  the  face 

of  emergencies  and  the  establishment  of  new  cell  environments,  but 

giving  evidence  of  the  birth  of  no  new  physiological  capacities!* 

Technique. 

Agglutination  Tests. 

For  Micro-organisms. — The  serum  to  be  tested  is  mixed  in  the  proportion  of 
1  c.c.  to  9  c.c.  with  O.S-per-cent.  sodium-chloride  solution,  making  a  dilution  of  1  :  10, 
and  cleared  from  red  corpuscles,  if  necessary,  by  filtration.     From  this  solution  various 

*  The  hypothesis  of  Ehrlich,  which  so  cloeely  correlates  the  action  of  toxins  with  the  assimilation 
of  nutrient  stuff,  has  led  to  new  conceptions  of  the  details  of  the  relationship  of  foods  transformed  by 
the  preliminary  digestive  process  to  the  material  which  is  finally  placed  at  the  disposal  of  the  cells.  It 
seems  not  unlikely  that  through  the  action  of  the  cell  receptors  the  food  material  which  arrives  in  the 
body  fluids  may  not  only  be  adapted  to  the  specific  uses  of  the  cells,  but  that  by  the  formation  of  count- 

less varieties  of  substances  analogous  to  the  so-called  "antibodies"  of  immunization,  the  cells  are  pro- 
tected against  equally  various  toxic  substances.  If  this  be  true,  the  hope  seems  justified  that,  follow- 

ing the  lines  of  research  suggested  by  this  new  technique  we  may  be  able  ultimately  to  understand 
more  clearly  the  details  of  the  so-called  internal  secretion  and  those  disturbances  of  chemical  adjust- 

ment which  give  rise  to  many  important  phases  of  auto-intoxication. 
13 
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dilutions  are  prepared  in  a  diminishing  series,  1  :  20,  1  :  50,  1  :  100,  etc.  These  solu- 
tions may  be  put  into  slender  test-tubes,  and  to  each  is  added  an  approximately  equal 

quantity  of  a  suspension  in  a  0 . 8-per-cent.  NaCl  solution  of  a  twenty-four-hour-old 
agar  culture  of  the  micro-organism  to  be  tested. 

To  secure  these  suspensions  add  5  to  10  c.c.  of  the  salt  solution  to  the  culture,  dis- 
tribute with  a  platinum  needle,  allow  the  larger  lumps  of  culture  to  settle,  and  pipette 

off  the  turbid  supernatant  portion.  This  suspension  of  the  culture  in  0 . 8-per-cent. 
salt  solution  is  now  mixed  with  the  diluted  serum  to  obtain  the  requisite  proportions. 
Thus,  1  c.c.  of  the  1  :  10  serum  mixed  with  1  c.c.  of  the  suspension  gives  a  1  :  20  dilu- 

tion; 1  c.c.  of  the  1  :  10  serum  with  2  c.c.  of  the  suspension,  a  1:  30  dilution.  These 
suspensions  of  the  culture  in  the  series  of  tubes  of  diluted  serum  are  now  kept  for  from 

one  to  twenty-four  hours  at  37°  C.  The  clumps  of  bacteria  when  agglutination  has 
taken  place  may  be  seen  by  a  hand  glass.  The  clumps  oftentimes  sink  in  the  tube  and 
the  fluid  becomes  clear.  Microscopic  study  of  agglutination  is  made  by  mixing  the 
diluted  serum  and  the  bacterial  emulsion  on  a  cover-glass  which  is  then  inverted  on  a 
hollow  glass  slide  and  sealed  with  vaseline.  For  special  and  for  diagnostic  purposes 
more  exact  methods  are  required,  for  which  see  works  on  bacteriology  or  on  clinical 

diagnosis.* 
For  Blood  Cells. — A  demonstration  of  the  agglut inability  of  red  blood  cells 

may  be  made  by  adding  to  a  5-per-cent.  dilution  of  defibrinated  blood  in  0 .  85-per-cent. 
salt  solution,  a  small  quantity  of  an  aqueous  emulsion  of  ricin.  The  blood  cells  soon 
clump  and  settle,  leaving  the  fluid  clear  and  colorless. 

Precipitin  Test. 

While  the  precipitin  or  so-called  biological  test  for  human  blood  has  been  sug- 
gested and  used  in  medico-legal  cases  of  importance,  its  limitations  are  not  yet  fully 

determined  and  one  should  not  enter  upon  its  practical  applications  in  cases  of  im- 

portance without  large  experience  of  the  method  and  the  possibilities  of  error.  ' 
For  demonstrative  purposes,  however,  the  techni(iue  is  simple.  A  fragment  of 

blood  clot  to  be  tested  as  to  its  human  origin  is  dissolved  in  a  small  quantity  of  0..5- 
per-cent.  salt  solution  and  passed  through  filter  paper  to  secure  a  clear  fluid.  To  this 
solution  in  a  test-tube  is  added  about  twice  the  quantity  of  the  serum  of  a  rabbit  or 
guinea-pig  which  has  been  injected  with  successive  doses  of  human  serum.  This 
adaptive  serum  should  have  been  tested  with  a  known  human  serum  to  insure  its 
reliability.  Control  tubes  should  be  made  containing  mixtures  of  the  several  ingredi- 

ents used  without  the  clot  solution  to  be  tested.  The  tubes  are  now  all  kept  for  one 

hour  at  37°  C,  when  if  the  suspected  clot  is  of  human  blood  the  tube  which  contains 
it  will  show  a  precipitate  while  the  controls  will  remain  clear.  The  characteristic 
precipitate  should  soon  settle  in  the  tubes,  leaving  the  fluid  clear. 

Haemolysis  Tests. 

In  comparative  observations  on  haemolysis  it  is  convenient  to  make  a  5-per-cent. 
dilution  of  defibrinated  blood  with  salt  solution  0. 85-per-cent.  One  may  use  narrow 
test-tubes,  5  ram.  in  diameter,  putting  into  a  series  of  these  1  c.c.  of  the  diluted  blood, 
adding  to  each  the  serum  or  other  haemolytic  agent  to  be  tested,  and  filling  up  with 

salt  solution  to,  say,  2  or  2 . 5  c.c.  The  tubes  are  shaken  and  placed  for  an  hour  at  37° 
C,  then  in  an  icebox.  A  control  tube  of  the  blood  in  simple  isotonic  salt  solution 
0.83-per-cent.  should  accompany  each  series. 

P^ollowing  the  suggestion  of  Wright,  tests  for  haemolysis  may  be  made  in  capillary 
tubes,  each  long  tube  containing  several  tests  or  dilutions  by  the  intervention  of  a 
bubble  of  air  between  each  segment  of  the  mixed  test  fluid  and  diluted  blood. 

■  ̂  Hiss  and  Zinsser,  "Text-book  of  Bacteriologj',  "1910,  or  Wood,  "Chemical  and  Microscopical 
Diagnosis,"  1909. 

'  For  technical  and  other  detaih  of  the  precipitin  test,  see  Uhlenhuth  and  Weidanz,  Praktische 
Anleitung  «ur  .\usfOhrunR  dcs  biologischen  Eiweissdifferenrierungsverfahrens,  1909;  Leers,  Die 
forcusiache  Blutunterduchung,  1910. 
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To  Secure  Sterile  Inflammatory  Exudate  Containing  Leucocjrtes  and  other  Living  cells. 

It  has  been  found  that  the  injection  of  wheat  gluten  into  the  pleural  cavity  of 
rabbits  or  dogs  induces  an  exudative  inflammation,  the  exudate  usually  containing,  at 
the  end  of  twenty-four  hours,  many  living  leucocytes.  Leucocytes  secured  in  this  way 
have  been  largely  used  in  determining  the  chemical  character  of  their  cytoplasm,  as 
well  as  for  experiments  on  phagocytosis.  The  most  convenient  preparation  is  the 
so-called  aleuronat^  a  mealy  food  preparation.  A  convenient  method  is  to  inject  into 
the  pleural  cavity  10  c.c.  of  a  suspension  of  aleuronat  in  starch  water  (aleuronat  6 
grammes;  starch,  1 . 5  grammes;  water,  100  c.c.) .  The  exudate  may  be  removed  with 
a  capillary  pipette  if  small  quantities  only  are  required,  or  the  animal  may  be  sacri- 

ficed if  larger  quantities  of  the  exudate  are  necessary. 
Polymorphonuclear  leucocytes  may  also  be  secured  in  considerable  quantity  by 

the  injection  of  10  grammes  of  sterile  bouillon  into  the  peritoneum  of  the  rabbit.  The 
exudate  is  removed  at  the  end  of  twenty-four  hours. 

To  secure  an  exudate  containing  a  preponderance  of  mononuclear  cells  one  may 
inject  into  the  peritoneum  of  the  rabbit  a  solution  containing  1  mm.  of  pilocarpin,  the 
exudate  to  be  removed  at  the  end  of  twenty-four  hours. 

The  Study  of  Hsemophagocytosis. 

If  the  serum  of  rabbits  adapted  by  successive  injections  into  the  peritoneum  to  the 
blood  of  guinea-pigs  be  injected  into  the  peritoneal  cavity  of  guinea-pigs,  after  a  time 
the  peritoneal  fluid  as  well  as  the  spleen  and  other  blood-forming  organs  are  found  to 
contain  various  cells  which  have  ingested  the  erythrocytes.  The  peritoneal  fluid  may 
be  secured  for  examination  at  various  intervals  by  a  capillary  tube  inserted  into  the 
peritoneal  cavity. 

Haemophagocytosis  in  vitro  may  be  studied  by  procedures  similar  to  those  em- 
ployed in  the  study  of  bacteriophagocytosis.  (See  opsonins,  p.  186.)  The  serum  of 

an  animal  adapted  to  alien  blood,  if  lytic,  is  deprived  of  this  power  by  destroying  the 

luemolytic  complement  by  heating  for  half  an  hour  at  60°  C.  A  small  portion,  say, 
0.1  c.c.  of  this  serum,  is  now  mixed  with  an  equal  quantity  of  a  5-per-cent.  suspension 
of  washed  red  blood  cells  in  0 .  85-per-cent.  salt  solution.  To  this  is  added  a  small 
quantity  of  living  leucocytes  of  man  or  of  the  guinea-pig  or  dog  secured  from  citrated 
blood  or,  in  animals,  from  fresh  aleuronat  exudates  (see  above),  and  the  mixtures  kept 
for  an  hour  at  37°  C.  Smears  are  then  made  and  stained  with  the  Jenner  or  other 
double  stain.* 

To  Collect  Small  Samples  of  Serum  for  Agglutinative,  Precipitin,  or  Haemolysis  Tests 

The  suggestions  of  Wright  are  most  helpful  in  the  technique  of  serum  collection 
in  small  quantities.  The  finger  is  constricted  by  the  handkerchief  or  a  bandage,  not 
tightly  enough  to  stop  the  blood  flow,  but  enough  to  induce  marked  congestion;  and 
the  puncture  is  made  by  a  needle  or  a  fine-pointed  glass.  The  drop  of  blood  as  it 
exudes  is  drawn  into  a  small  capsule  of  the  form  shown  in  Fig.  Ill,  held  so  that  it  will 
act  as  a  siphon.  When  partly  filled,  the  ends  are  sealed,  first  the  larger  end,  then  as 
the  air  here  cools,  the  blood  will  be  drawn  back  from  the  capillary  end,  when  this  is 
closed.  The  tube  is  set  slightly  aslant  for  clotting,  after  which  the  serum  may  be 

secured  in  capillary  pipettes  by  breaking  off"  the  larger  end  of  the  capsule  after  scratch- ing it  with  a  file. 

The  Method  of  Adaptation  of  Animals  to  Alien  Substances. 

The  adaptation,  or  immunization,  as  it  is  called,  of  animals  to  various  alien  sub- 
stances, sera,  red  blood  cells,  etc.,  in  order  to  secure  lytic  agglutinating  and  precipitat- 

ing substances,  is  readily  accomplished.  For  general  demonstration  purposes  the 
rabbit  is  well  suited.     A  simple  and  effective  method  is  by  intraperitoneal  injection. 

*  See  Hektoen,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  434,  1906,  and  also  Jour.  Amer.  Med.  Assoc,  vol.  xlvi.,  p. 
1407,  1906. 
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The  lower  left  abdominal  region  is  shaved  and  disinfected  with  lysol.  The  skin  is 
punctured  with  a  scalpel  and  the  slightly  blunted  needle  of  the  syringe  is  introduced, 
care  being  taken  not  to  puncture  the  intestine.  Five  c.c.  of  whipped  blood  or  serum, 
warmed  to  body  temperature,  may  be  injected.  On  the  withdrawal  of  the  needle  the 
part  is  dried  and  the  opening  is  sealed  with  tincture  of  benzoin.  There  is  apparently 
no  discomfort  to  the  animal  in  this  procedure.  The  weight  of  the  animal  may  fall 
slightly  after  the  injection,  but  unless  this  is  considerable  the  dose  may  be  repeated  at 
intervals  of  from  five  to  seven  days,  until  five  or  six  injections  have  been  given.  The 
dosage  in  the  later  periods  may  be  increased,  even  doubled,  if  the  animal  is  in  good 
condition.  After  the  first  three  or  four  injections  a  small  amount  of  serum  may  be 
secured  for  testing  by  opening  one  of  the  ear  veins  after  cleansing  the  part.  The  blood 
may  be  drawn  directly  into  a  Wright  capsule  (see  above),  where  it  is  allowed  to  clot, 
and  the  serum  secured.  If  the  animal  is  to  be  sacrificed  to  obtain  a  large  quantity 
of  the  immune  sera  it  may  be  bled  into  sterilized  receptacles  by  a  glass  cannula  tied 
into  the  carotid  artery. 

The  above  is  only  a  rough  and  general  description  of  the  method  of  securing  adap- 
tive sera  for  general  purposes  of  demonstration.  For  exact  work  one  must  carefully 

select  animals,  regulate  and  control  dosage,  etc.  For  details  and  many  interesting 

data  consult  Nuttall,  "  Blood  Immunity  and  Blood  Relationship,"  1904. 

Bibliography  of  Recent  Studies  on  Immunity. 

For  an  early  admirable  resumi  of  immunity,  consult  article  by  Weigert,  Lubarsch 

and  Ostertag's"  Ergebnisse"  for  1897,  p.  107;  for  a  good  later  summary  see  "Infec- 
tion and  Immunity"  by  Milller,  1904,  also  Rickett's  "Infection,  Immunity,  and  Serum 

Therapy,"  1906.  Consult  also  Metchnikoff,  "Immunity  in  Infectious  Diseases," 
Transl.,  1905,  in  which  much  lore  is  gathered  and  many  ingenious  points  of  view^  of  the 
author  are  set  forth.  Kolle  and  Wassermann's  "  Handbuch  der  Mikroorganismen" 
contains  excellent  summaries  of  various  phases  of  immunity;  as  does  also  in  more  com- 

pact form  the  "  Experimentelle  Bakteriologie  "  of  Kolle  and  Hetsch,  1906. 
The  records  of  the  recent  researches  just  summarized  in  cytolysis  and  the  applica- 

tion of  Ehrlich's  "  side-chain  "  hypothesis  are  widely  scattered  through  the  German, 
French,  and  English  technical  periodicals.  The  most  important  of  the  studies  of 
Ehrlich  and  his  associates  in  this  field  are  collected  in  the  "  Gesammelte  Arbeiten  zur 

Immunitatsforschung,"  Ehrlich,  English  Transl.  by  Bolduan,  1907,  see  also  Bordet, 
Studies  in  Immunity,  translated  by  Gay,  1909. 

The  summary  of  Asch^ff  ("Ehrlich's  Seitenkettentheorie  and  ihre  Anwendung  auf 
die  kiinstliche  Immunizierungsprozesse,"  Zeitschrift  f Ur  allgemeine  Physiologic,  Bd.  i.. 
Heft  3,  1902)  is  most  complete  and  contains  a  full  bibliography.  The  monograph  of 

V.  Dungern  ("Die  AntikOrper,"  1903)  contains  much  valuable  material. 
In  English,  the  Huxley  Lecture  by  Welch  ("Recent  Studios  of  Immunity," 

reprinted  in  the  Medical  News,  October  18th,  1902:  and  in  Science,  November  21st  and 
28th,  1902),  is  admirable,  and  deals  with  especial  fulness  with  toxins  and  their  relation- 

ship to  various  important  pathological  processes. 

Ritchie's  discussion  of  the  subject  (The  Journal  of  Hygiene,  vol.  ii.,  Nos.  2,  3,  and 
4,  1902)  treats  in  a  clear  and  philosophical  fashion  the  facts  and  hypothesis  involved, 
and  contains  many  valuable  suggestions  for  further  research.  The  excellent  summary 

of  Ernst,  "Modern  Theories  of  Bacterial  Immunity,"  1903,  contains  original  sugges- 
tions for  the  graphic  representation  of  the  reactions. 

See  also  Nuttall* s  book,  "Blood  Immunity  and  Blood  Relationship,"  1904; 
Bolduan's  "Immune  Sera,"  1907,  and  Hektoen's  "R6sum6  of  Immunity,"  1905. 

For  study  of  Transmission  of  Immunity  to  offspring  see  Theobald  Smith,  Jour. 
Med.  Res.  xvi.,  p.  359,  1907. 

Hiss  and  Zinsser,  "Text-book  of  Bacteriology,"  1910,  contains  an  admirable  sum- 
mary of  immunity  and  the  immunizing  processes  framed  from  the  standpoint  of 

modern  biology.  These  authors  also  give  compact  and  reliable  directions  for  the 
various  tests,  which  are  but  briefly  outlined  in  the  preceding  pages. 



CHAPTER  IX. 

THE  INFECTIOUS  DISEASES. 

General  Considerations. 

Ix  the  study  of  the  infectious  diseases  it  is  especially  important  to 
bear  in  mind  that  the  abnormal  processes  through  which  the  disturbances 

incited  by  micro-organisms  are  manifested  are  processes  of  the  body-cells 
and  not  processes  of  the  micro-organisms.  The  micro-organisms  do, 
indeed,  incite  the  train  of  phenomena  by  which  the  disease  is  mani- 

fested, and  the  nature  or  ''species"  of  the  micro-organism  may  largely 
influence  the  character  of  the  phenomena,  but  the  stored-up  energy 
which  is  released  in  this  manifestation  is  body-cell  energy  and  not  that 
of  microbic  metabolism.  The  microbes  are  excitants  of  disease,  but 

the  disease  is  a  performance  of  the  body-cells.  If  these  obvious  con- 
siderations be  held  in  view,  it  will  be  convenient,  in  considering  certain 

of  the  infectious  diseases,  to  use  the  familiar  and  much  abused  term 

"specific"  as  indicative  of  those  phases  of  abnormal  body-cell  per- 
formance which  are  apt  to  occur  in  characteristic  ways  in  response  to 

special  forms  of  microbic  stimulus.  Thus  the  poisonous  substances 
which  the  tubercle  bacillus  builds  up  out  of  the  organic  material  upon 

which  it  feeds  are  in  part  such  as  exert  a  peculiar  influence  upon  con- 
nective-tissue cells,  leading  to  their  proliferation  and  the  temporary 

formation  of  new  tissue — the  tubercle.  This,  together  with  associated 
action  of  the  same  or  other  metabolic  products  of  the  living  bacillus, 
forms  a  group  of  lesions  and  disturbances  which  is  characteristic  of  the 
action  of  the  tubercle  bacillus  in  the  body.  In  this  sense  tuberculosis 

is  a  "specific"  disease.  On  the  other  hand,  the  poisons  eliminated  by 
the  tubercle  bacillus  may  incite  responses  on  the  part  of  the  body-cells 
which  are  practically  identical  with  those  which  many  other  toxic  sub- 

stances, both  of  bacterial  and  of  other  origin  induce — fever,  degeneration, 
etc.  These  manifestations  of  the  action  of  the  tubercle  bacillus  upon  the 

living  body-cells  are  not  "specific." 
In  our  study  of  the  individual  infectious  diseases  we  shall  encounter 

many  examples  of  this  variety  in  the  eff'ects  which  pathogenic  bacteria 
induce — the  more  characteristic,  on  the  one  hand,  and,  on  the  other,  the 
more  general  responses  which  the  body-cells  make  to  deleterious  agents. 

Classification  of  the  Infectious  Diseases. — It  is  common  to  group  dis- 
eases either  from  the  clinical  or  the  morphological  or  the  etiological 

standpoint.  But  a  complete  rational  classification  of  disease  is  not  at 

present  possible,  because  in  very  few  diseases  have  we  even  an  approxi- 
mately complete  knowledge  of  the  symptoms,  the  excitants,  or  the 

morphology  of  the  lesions. 
197 
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In  the  infectious  diseases  as  we  now  define  them,  the  excitant  is 
definite  and  in  many  cases  known,  but  a  classification  based  upon  the 

character  of  the  excitants  alone  would  be,  as  Martins  has  urged,  a  classi- 
fication of  the  micro-organisms  and  not  a  classification  of  the  diseases. 

If  every  micro-organism  capable  of  exciting  disease  always  met  in  the 
body  a  similar  response,  the  matter  would  be  comparatively  simple. 
But  the  fact  that  the  responses  of  the  body-cells  to  bacterial  invasion  are 
exceedingly  varied,  and  that  dissimilar  organisms  may  evoke  similar 
responses,  renders  a  simple  etiological  classification  even  of  the  infectious 

diseases  unsatisfactory,  if  not  impracticable.  Thus  it  is  that  it  is  con- 
venient to  consider  the  infectious  diseases  in  part  together,  in  part  in 

connection  with  the  special  organs  in  which  their  more  common  and 
characteristic  lesions  are  manifested.  Such  a  classification  of  the  in- 

fectious diseases  as  is  here  made  is  based  in  part  upon  similarity  of 

lesions,  in  part  upon  the  relationships  of  the  micro-organisms  concerned, 
and  may  wisely  be  regarded  only  as  a  convenient  form  of  catalogue. 

Groups  of  Bacterial  Disease-Excitants. — One  of  the  interesting  results 
of  the  later  studies  of  bacteria  and  their  associations  with  the  infec- 

tious diseases  is  the  discovery  that  many  micro-organisms  which  have 
been  proved  to  be  excitants  of  disease  in  men  or  in  lower  animals  are 
closely  related  to  forms  which  are  not  pathogenic.  So  that  we  now 
recognize  many  bacterial  groups  which  we  are  wont  to  characterize 

by  the  name  of  the  pathogenic  representative.  Thus  there  are  staphy- 
lococcus and  streptococcus  groups  of  closely  similar  organisms,  most 

of  them  harmless  to  man.  There  is  the  colon-bacillus  group,  embrac- 
ing many  closely  related  forms  difficult  to  identify.  The  tubercle-bacil- 
lus group,  the  diphtheria-bacillus  group,  the  actinomyces  or  strepto- 

thrix  group,  are  other  examples  of  this  relationship.  The  more  these 
related  forms  are  studied,  the  more  evident  it  becomes  that  in  very 

slight  physiological  variations  may  lie  the  difference  between  patho- 
genic and  non-pathogenic  forms,  and  that  equally  slight  variations  in 

the  susceptibility  of  the  host  may  be  of  corresponding  significance. 
In  the  arrangement  and  associations  of  the  infectious  diseases  con- 

sidered in  this  section,  the  existence  of  these  bacterial  groups  will  be 
frequently  recognized  . 

SUPPURATIVE  AWD  ALLIED  FORMS  OF  INFLAMMATION. 

We  have  seen  in  an  earlier  part  of  this  book  that  in  various  kinds  of 
injury  in  the  living  tissue  there  may  be  a  series  of  responses  on  the 
part  of  the  body-cells  which  constitute  or  give  rise  to  the  phenomena  and 
lesions  of  inflammation.  One  of  these  forms  of  tissue  response  to  in- 

jury is  called  suppuration  or  suppurative  inflammation. 
We  have  seen  that  the  characteristic  feature  of  suppurative  inflam- 

mation is  the  collection  at  or  near  the  seat  of  injury  of  leucocytes,  mostly 
of  the  polymorphonuclear  type.  These  leucocytes,  attracted  through 
chemotaxis,  emigrate  from  the  smaller  vessels  and  gather  in  the  tissues. 

Here  through  their  phagocytic  powers  they  may  directly  or  indirectly  de- 
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stroy  living  micro-organisms;  by  lytic  substances  which  they  elaborate 
they  may  soften  and  remove  dead  tissues  (see  p.  103);  or  they  may 
themselves  succumb  to  the  action  of  poisons  or  other  local  conditions 

inimical  to  their  life.  While,  to  a  limited  extent,  a  suppurative  inflam- 
mation can  be  incited  by  chemical  agents,  such  as  ammonia,  turpentine, 

etc.,  in  most  cases  it  is  incited  and  sustained  by  micro-organisms  or  by 
poisons  which  these  micro-organisms  set  free  as  the  result  of  their  own 
metabolism  or  by  the  decomposition-  of  substances  in  the  tissues  or  the 
tissue  fluids. 

Before  considering  in  detail  the  characteristics  of  the  various  forms 

of  micro-organisms  which  may  act  as  excitants  of  suppurative  inflam- 
mation, it  is  necessary  for  us  to  survey  the  various  phases  which  this 

process  presents  under  different  conditions. 

Phases  of  Suppurative  Inflammation. — In  the  first  place  while  the 
emigration,  proliferation,  and  gathering  of  leucocytes  are  the  most  char- 

acteristic features  in  this  form  of  inflammation,  these  are  always  associ- 
ated with  the  accumulation  of  more  or  less  fluid  transudate  from  the 

blood-vessels  and  often  wuth  the  formation  of  fibrin.  These,  the  leu- 
cocytes, the  serum,  and  the  fibrin,  constitute  the  exudate.  Further- 

more, associated  with  the  accumulation  of  the  exudate  there  may  be 
albuminous  degeneration  and  necrosis  of  cells  and  tissue  of  the  affected 

part  or  of  the  formed  elements  of  the  exudate  itself.  Finally,  a  pro- 
liferation of  the  fixed  cells  of  the  affected  region,  connective-tissue 

cells,  endothelium,  etc.,  frequently  accompanies  the  exudative  phases 
of  inflammation  and  may  dominate  the  processes  when  regeneration 
and  repair  are  under  way  (see  p.  73). 

Although  the  processes  involved  are  essentially  the  same,  it  has  been 
found  convenient  to  attach  special  names  to  various  topographic  forms 
of  suppurative  inflammation,  the  differences  depending  largely  upon  the 

origin,  situation,  extent,  and  complications  of  the  primary  lesion,  some- 
what, however,  upon  the  qualities,  fixed  or  variable,  of  the  infecting 

micro-organism.  Thus  a  suppurative  inflammation  involving  the  serous 
surfaces  and  resulting  in  the  accumulation  of  a  purulent  exudate  in  the 

serous  cavities,  such  as  the  pleural  and  the  pericardial,  is  called  em- 
pyema.  An  exudative  inflammation  of  the  mucous  membranes  with  a 
marked  emigration  of  leucocytes  from  the  vessels  of  the  submucosa  is 
called  a  purulent  catarrh  or  blennorrhoea. 

Pustules  are  superficial  collections  of  purulent  exudate  in  the  skin. 

Furuncle. — A  furuncle  is  an  acute,  circumscribed,  suppurative,  and 
necrotic  inflammation  of  the  skin,  the  necrosis  commonly  involving  a 
central  plug  or  core.  Furuncles  are  usually  incited  by  Staphylococcus 
pyogenes  aureus,  rarely  by  Streptococcus  pyogenes.  They  are  common 
on  the  neck,  back,  buttocks,  perineum,  and  axilla.  Diabetes,  marasmus, 
and  obscure  nutritional  disturbances,  often  associated  with  worry  and 
overwork,  seem  to  predispose  to  this  form  of  infection.  The  invasion 
of  the  staphylococcus  is  usually  through  the  sebaceous  glands  and  hair 

follicles.  Furuncles  may  be  experimentally  induced  by  rubbing  cul- 
tures of  staphylococcus  over  the  intact  skin. 



200  THE    INFECTIOUS    DISEASES 

From  the  seat  of  infection  the  inflammation  extends  outward  and 

in  depth  to  a  varying  extent.  The  tissue  becomes  hard  from  infiltra- 
tion of  the  tissue  interstices  with  fluid  and  leucocytes,  by  the  swelling 

of  the  stroma  and  connective-tissue  cells  {Fig.  112).  The  vessels  are 
congested  and  the  central  portions  become  more  or  less  necrotic,  wilh 

gradual  liquefaction  of  the  tissue  and  the  development  of  pus.  Lym- 
phangitis and  hyperplasia  of  the  associated  lymph-nodes  may  aceompaDv 

furuncles. 

Carbuncle. — If  the  infection  of  several  contiguous  hair  follicles, 
cither  immediately  or  in  rapid  succession,  takes  place,  so  that  several 
centres  of  necrosis,  with  surrounding  areas  of  exudative  inflammation. 

g& 

:  f 

merge,  the  resulting  lesion  is  called  carbuncle.  The  process  is  essentially 

similar  to  that  involved  in  furuncle,  but  usually  more  severe  and  ex- 
tensive.    Carbuncle  is  common  on  the  neck,  back,  and  face. 

A  diffuse  infiltration  of  the  subcutaneous  or  deep  fibrous  tissue, 
muscle  tendon,  periosteum,  or  of  the  interstitial  tissue  of  the  viscera, 
with  exudate,  is  called  phle<imori.  If  irf  this  phlegmonous  inflammation 
there  be  much  serous  fluid  associated  with  the  cell  accumulation,  as  is 

commonly  the  case  in  the  earlier  stages  of  the  process,  the  condition  is 
often  named  purident  cedenia.  When,  on  the  other  hand,  there  is  a 
more  or  less  circumscribed  collection  of  purulent  exudate  in  the  depth 
of  the  ti.ssues  or  organs,  associated  with  necrosis  and  fluidification  of 
the  tissues  involved,  it  is  customary  to  call  the  result  of  the  process  an 
abscexs. 

In  some  cases  of  exudative  inflammation,  particularly  those  in- 
volving the  serous  surfaces,  the  exudates  often  occur  together  in  the 

moat  variable  proportions;  they  are  formed  under  the  influence  of 
the  same  agents,  and  frequently  an  exudate  at  first  simply  serous  in 
character  becomes  fibrinous  or  purulent  or  both  together. 
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Pus  and  Pus  Cells. — It  will  thus  be  seen  that  the  exudate  which  is 

formed  in  suppurative  inflammation  varies  considerably  in  its  composi- 
tion and  structure.  Primarily,  pus  consists  of  an  albuminous  fluid 

containing  leucocytes,  some  mononuclears,  most  of  them  polymor- 
phonuclears (Fig.  113).  While  the  exu- 

date is  in  the  tissue  and  the  conditions 

are  favorable,  these  cells  may  be  alive 
and  without  structural  abnormalities. 

But  often,  and  especially  in  accumula- 
tions, they  present  various  phases  of  de-  .  .,_  ._^_y  m^' 

generations — -albuminou.'i  or  fatty — or  of  ,  ̂ 0'  '-^^^'•jitk'  ■  ■■  •■■ necrosis  and  disintegration.  It  is  on  ac- 
count of  their  relative  frequency  and 

abundance  in  purulent  exudates  that  the 
leucocytes  are  regarded  par  excellence  as  iNruHu^TioN. 

pus   cells.      But   other  cells,  as  we  have       *"»*  "f  '^^  ™"» »'""•  f""  "sri"  o' 
,  .  ...  neonwis  and  diBinlcaration  nilh  fmg- 

seen,  may  be  pre.sent  m  pus;  thu.s  in  in-     niwiiiiiioi.  of  ihe  nuclei,  ew. 
flammation  of  the  serous  membranes,  such 

as  the  peritoneum,  pleura,  etc.,  the  exfoliated  and  proliferated  meso- 
thelial  cells  may  furnish  no  small  pail  of  the  cellular  content  of  the 
exudate.     Red  blood  cells,  detached  and  young  connective-tissue  cells 
formed  from  the  old  and  capable  of  emigration,  and  endothelial  cells 

may  be  present  in  considerable  num- 
ber.    In  inflammation  of  the  mucous 

membranes,  also,  the   epithelial   cells, 
either  new-formed  or  simply  exfoliated, 
may  be  abundant.     Furthermore,  pus 

,  may  contain  a  variety  of  chemical  sub- 
stances and  formed  elements  depend- 

ing upon  the  place  of  its  formation  or 

.irfj'*  accumulation.      Thus     mucus,    fibrin, 
■'_.  cell  and  tissue  detritus,  fat.  and  micro- 
^V    •  organisms  may   be  intermingled   with 

'  [.■  the  pus  cells. 
Ulcers — in  whatever  way  originat- 

ing  (see  p.   58) — may  be  the  seat  of 
suppuration,   the  exudate   passing  off 
upon  the  free  surfaces. 

*'  The  bacteria  which  are  found  in  the 
various  phases  of  -suppurative  inflam- 

Fio    114— St^phylocijcci'b  pyoqene*      motion  may  lie  free  in  the  interstices  
of 

AuRiHs.  iH  AMD  amomo  THE  Fis  ctLLs.      thc   ti.ssuc  With  the  cxudate,  or   they 
FBuHANABBCteaci-TBEKiPNEi,  ^^^  ̂ ^  j^j  ̂ ^^  within  the  cclls  whlch 

have  gathered  about  them  (Fig.  114). 
Both  within  and  without  the  cells  the  bacteria  may  present  those 
structural  alterations  which  denote  their  death  and  degeneration  in 
the  struggle  for  existence  to  which  the  two  forms  of  living  beings,  the 
microbes  and  the  body-tells,  are  subjected  under  the  conditions  which 
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mark  infection.  The  local  and  systemic  reaction,  on  the  other  hand, 
and  the  cell  necrosis  which  so  frequently  follows  the  growth  of  microbes 
in  the  body  are  expressions  of  an  unfavorable  environment  to  which  the 

body-cells  as  individuals  and  the  body  as  a  composite  organism  are  sub- 
jected, and  to  which  thoy  may  successfully  react  or  under  unfavorable 

conditions  may  succumb.' 
In  the  softening  of  tissue  involved  in  the  development  of  abscesses, 

as  well  as  in  the  removal  of  exudates  by  absorption  it  is  probable  that 
the  solution  of  the  formed  elements  of  the  tissues  is  accomplished  by 

the  development  of  lytic — autolytic— substances  (see  p.  106).' 

IIS.— Ft.fAi.  Nei 

Tozcemla. — While  the  various  forms  of  exudative  inflammation  are 
more  or  less  circumscribed,  the  soluble  toxins  which  are  formed  at  the 
seat  of  local  bacterial  growth  may,  without  the  dispersion  of  the  germs 
themselves,  be  diffused  through  the  blood  and  the  other  fluids  of  the 

body,  giving  rise  to  the  symptoms  and  lesions  of  toxamia — fever  (see 
p.  440)  and  various  other  forms  of  functional  disturbance,  albuminous 

degeneration  of  the  viscera,  focal  necroses,  petechial  lurmorrhages,  hemo- 

lysis,' thrombosis,  leucocytosis,  chromatolysis  of  the  ganglion  cells,  etc. 
Of  these  alterations  in  the  body,  which  are  of  frequent  occurrence  in 

many  forms  of  toxaemia,  whether  induced  by  bacterial  or  other  kinds  of 

^  For  (kn  .''exhbUAtive  review  of  4uppumiive  inQHmmaiion  from  xhe  iDodem  staDdpoiot,  wjlhbibli- 
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poisons,*  the  only  ones  which  demand  special  notice  here  are  the  focal 
necroses.  These  usually  small,  often  sharply  circumscribed  areas  of 

dead  tissue^  may  be  present  in  any  of  the  viscera,  but  are  often  most 
abundant  and  conspicuous  in  the  liver  (Fig.  115).  They  vary  con- 

siderably in  appearance,  depending  upon  the  stage  of  the  tissue  in- 
volvement. The  cells  in  the  affected  area  may  be  swollen,  the  cjrto- 

plasm  more  transparent  than  normal,  while  the  nuclei  may  remain 
unstained  with  the  usual  dyes  or  show  various  phases  of  fragmentation 
or  disintegration;  or  they  may  disappear  altogether.  Again,  the  cells 
in  the  involved  areas  may  become  more  coarsely  granular  than  is  nor- 

mal, may  undergo  a  change  similar  to  that  seen  in  coagulation  necrosis, 
and  with  destruction  of  the  nucleus  may  form  deeply  staining,  irregular 
clumps  or  masses,  or  may  disintegrate. 

Associated  with  or  following  these  changes  there  may  be  a  gathering 
of  leucocytes  about  and  within  these  necrotic  areas,  so  that  the  foci 
may  present  the  appearance  of  little  abscesses  or  masses  of  lymphoid 
tissue.  Finally,  these  necrotic  areas  may  undergo  repair  and  be  re- 

placed by  small,  spheroidal,  young  connective-tissue  cells,  granulation 
tissue,  or  finally  by  small  masses  of  cicatricial  tissue.' 

Septicaemia  and  Pyaemia. — Bacteria  as  well  as  their  toxins  may  be 
distributed  from  a  local  portal  of  entry  or  an  infected  region  throughout 
the  body,  not  only  inciting  general  functional  and  structural  changes, 
but,  when  the  bacteria  lodge  in  various  situations,  giving  rise  by  new 
local  proliferation  to  fresh  foci  of  inflammation. 

It  is  customary  to  designate  a  pathological  condition  in  which 
bacteria  as  well  as  their  toxins  are  distributed  through  the  body  by  the 

blood-  and  lymph-channels,  as  septicaemia.^  When  fresh  suppurative 
foci  develop  as  the  result  of  this  distribution,  the  condition  is  called 

pycemia. 
The  terms  septicwmia  and  pycemia  are  survivals  of  a  nomenclature 

adapted  to  the  period  before  the  nature  of  the  excitants  of  infectious 
disease  was  definitely  known.  The  manifestations  of  septicaemia  were 
then  attributed  to  the  presence  of  putrid  material  in  the  blood.  Pycemia 
expressed  the  belief  that  the  lesions  characterizing  this  condition  were 
due  to  the  presence  of  pus  in  the  blood.  The  term  bactericemia  is  some- 

times and  more  correctly  used  to  indicate  the  presence  of  bacteria  in  the 
blood,  but  the  old  words  with  their  new  implications  and  limitations  are 

still  commonly  employed.*^ 
1  See  for  effects  of  abrin  and  ricin  intoxication,  Flexner,  Journal  of  Exp.  Med.,  vol.  ii.,  p.  197, 

1897;  also  Midler,  Ziegler's  "  Beitrage,"  Bd.  xxvii.,  p.  331,  1900,  bibl. 
'  It  seems  probable  that  this  marked  localization  of  the  action  of  a  soluble  poison  in  the  tissue 

fluids  may  be  due  to  some  local  vulnerability  or  susceptibility  induced,  perhaps,  by  limited  vascular 
disturbance  or  by  nutritional  defects  otherwise  induced.  In  some  instances  local  necrotic  foci  may  be 
due  to  agglutinative  thrombi  (see  p.  26). 

•  For  a  comprehensive  study  of  focal  necrosis  and  other  associated  lesions  in  certain  forms  of  toxae- 
mia consult  the  excellent  study  of  Flejrner,  "The  Pathology  of  Toxalbumin  Intoxication,"  Johns 

Hopkins  Hospital  Reports,  vol.  vi.,  p.  259,  1897,  bibl. 
*  The  mere  presence  of  a  moderate  or  even  of  a  large  number  of  bacteria  in  the  blood  does  not  of 

itself  indicate  septicemia,  since  the  protective  mechanism  of  the  body  suffices,  under  usual  coifditions, 
for  the  disposal  of  such  an  invasion.  See  ref.  to  Subinfection,  foot-note,  p.  151,  and  to  Schwarz^  foot- 

note, p.  151. 
'  It  has  long  been  known  that  persons  who  have  received  injuries  or  wounds  may  suffer  from  con- 

stitutional symptoms,  among  the  most  marked  of  which  may  be  fever,  and  develop  local  or  disseminated 
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The  term  pyamia,  as  will  be  seen,  indicates  a  clinical  and  anatomical 
phase  of  septicsemia. 

The  new  foci  of  suppuration  in  pysemia  are  called  metastatic  ab- 
scesses, and  in  distribution  these  may  bear  an  obvious  relationship  to 

the  seat  of  the  primary  lesion.  Thus,  in  suppurative  processes  in  the 
intestinal  tract,  metastatic  abscesses  are  liable  to  occur  in  the  liver. 
From  suppurationB  in  the  skin,  bones,  muscles,  etc.,  infectious  emboli 
may  be  transmitted  to  the  lun^s  and  lead  to  infarction  and  abscess; 
or,  passing  these  organs,  the  germs  may  induce  multiple  abscesses  in 
the  kidneys  and  in  other  viscera. 

It  should  bo  remembered  that  the  point  of  introduction  into  the 
body  of  the  offending  germs  may  be  wholly  concealed  and  not  associated 

FiQ.  lie— MicB.Jd.eci  IN  Mahheh  in  thb  Fibbinuvs  Exudation  or  Ptamic  Plivbibi. 

with  any  form  of  demonstrable  external  lesion.  This  is  often  called 

crypto-genetic  pyamia  or  sepUco-pywmia. 
After  death  from  septicemia  and  pvEemia  there  is  a  considerable 

variety  in  the  post-mortem  appearances. 
There  are  cases  in  which  there  are  no  recognizable  gross  lesions. 

There  are  ca.ses  characterized  by  early  post-mortem  decompositions; 
post-mortem  staining  of  the  tissues;  congestion  of  the  lungs,  stomach, 
intestines,  and  kidneys;  extravasations  of  blood  in  the  serous  mem- 

branes; swelling  of  the  solitary  and  agminated  lymph-nodules  in  the 
small  intestine;  swelling  of  (he  spleen  and  albuminous  degeneration  of 
the  liver  and  kidneys;  chromatolysis  of  the  ganglion  ceils  of  the  brain 
and  cord. 

There  may  be  localized  inflammations.  The  joints  and  the  tissue 

about  them,  the  pleura,  the  pericardium,- the  endocardium,  the  perito- 

Stvrr,  and  puntitnl  inffctian  have  bwn  used. 
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neum,  the  pia  mater,  and  the  connective^  tissue  in  different  parts  of 
the  body  may  be  inflamed.  These  local  inflammations  are  usually  puru- 

lent, except  in  the  serous  membranes,  where  the  principal  inflammatory 
product  may  be  fibrin  (Fig.  116).  The  veins  in  the  neighborhood  of  the 
wound  may  contain  softened,  purulent  thrombi,  without  infarctions  in 

the  viscera,  w^hile  there  may  be  inflammation  of  the  joints  and  serous 
membranes.  On  the  other  hand,  with  the  venous  thrombosis  there  may 
be  infarctions  and  abscesses  in  the  viscera;  local  inflammations  of  the 
joints  and  serous  membranes  may  be  present  or  absent.  While  thrombi 
are  often  formed  in  the  veins  near  the  wound,  they  may  be  situated  in 
veins  at  a  distance,  and  sometimes,  although  infarctions  and  abscesses 
be  present,  no  thrombus  can  be  discovered.  The  veins  may  be  distended 

by  the  thrombi  or  contain  only  small  coagula.  The  diff'erent  kinds  of 
thrombi,  and  the  varieties  of  emboli  and  infarctions  which  they  produce, 
are  described  in  the  section  on  Thrombosis,  p.  24.  Leucocytosis  usually 
accompanies  pyaemia  and  septicaemia  as  well  as  the  suppurative  process 
with  which  they  are  associated.  Studies  of  the  blood  in  various  forms 
of  septicaemia  are  numerous  and  instructive,  but  we  cannot  consider  them 

here.^ Various  lines  of  research  on  minute  changes  in  cells  which  bacterial 
and  other  poisons  may  induce,  justify  the  expectation  that  more  and 
more  we  shall  be  able  to  associate  characteristic  groups  of  symptoms  in 
toxaemia  and  septicaemia  for  which  there  is  now  no  morphological  basis, 

with  well-defined  cell  alterations.  Among  the  most  striking  of  the 
toxic  cell  lesions  thus  far  studied  in  septicaemia  and  bacterial  toxaemia 
are  those  involving  the  cytoplasm  of  the  ganglion  cells  (see  Nervous 
System). 

THE  PYOGENIC  BACTERIA. 

While  many  species  of  microbes  are  capable  under  favorable  condi- 
tions of  inciting  suppuration  and  other  forms  of 

exudative  inflammation  and  may,  when  they  or 
their  toxins  are  disseminated  in  the  body,  give  rise 
to  toxaemia,  septicaemia,  and  pyaemia,  there  are 
two  forms  which,   on   account   of  their  early  dis- 

,     .,     .  I     ..         -  ^  1  Fig.  117. — Staphylo- 
covery  and  their  relative  frequency,  are  commonly  coccus  Pyogenes 

considered    as   par  excellence  '*  pyogenic "   bacteria,  aureus. 

These,  which  are  called  Staphylococcus  and  Strepto-  ̂ "^"^  ̂   ̂̂ ^'"^  ""*'"'^' 
cocctis,   we  shall   consider   first. 

Characters  of  Staphylococcus  Pyogenes. 

The  Staphylococcus  pyogenes  aureus  (Micrococcus  pyogenes  aureus)  (Fig.  117)  is  a 
relatively  small  coccus,  the  individuals  varying,  however,  considerably  in  size  (0.4  to 
1.2  /i  in  diameter).  In  its  growth  it  does  not  show  a  characteristic  grouping,  but 
grows  in  irregular  masses  and  heaps  (the  somewhat  crude  resemblance,  when  studied 
under  a  cover-glass,  to  a  bunch  of  grapes  gave  rise  to  the  generic  name) ;  sometimes, 

'  Consult  White,  Jour,  of  Exp.  Med.,  vol.  iv.,  p.  425,  1899:  also  Adami,  Jour,  of  the  Am.  Med.  Assn., 
Dec.  16th  and  23d,  1899.     Both  have  bibliography.     See  also  KoUc  and  Wassermann,  "MikroorKania- 

men." 
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however,  pairs  and  groups  of  four  or  short  rows  of  the  cocci  are  seen.  The  germ  ie 
readily  stained  by  the  anilin  dyes,  and  does  not  lose  its  color  in  Gram's  method  ol 
staining.  It  does  not  show  spontaneous  movement,  and.  like  other  spheroidal  forms, 
does  not  appear  to  develop  spores.  It  is  quite  tenacious  of  vitality,  surviving  long 
drying  and  degrees  of  heat  and  cold  and  an  exposure  to  chemical  bactericides  to  which 
many  pathogenic  germs  readily  succumb.  It  grows  well  at  ordinary  room  tempera- 

ture in  such  artificial  culture  media  as  nutrient-gelatin,  agar,  beef-tea,  and  milk,  and 
on  potatoes,  forming  somewhat  voluminous  masses  of  culture.  It  rapidly  fluidifies 
gelatin  through  the  formation  of  a  ferment,  it  coagulates  milk,  and  in  the  various 
media  develops  a  yellowisli  white  or  a  deep  golden  yellow  color,  whence  its  specilic 
name,  aureut,  and  its  common  name,  "golden  coccus."  Its  color-producing  capacity 
is  subject  to  wi<le  variation.  Staphylococcus  pyogenes  aureus'  forms  in  old  cultures  a 
hjcmolytic  substance  which  may  be  demonstrated  in  plate  cultures  mixed  with  red 
blood  eelts  {Fig.  121)  or  in  tubes  containing  the  n*ashed  corpuscles  to  which  filtrates  of 
old  Imuillon  cultures  have  been  added. 

Effects  of  Staphylococcus  Pyogenes  in  the  Body. — The  virulence  of 
cultures  of  Staphylococcus  pyogenes  obtained  from  different  sources 
varies  considerably,  but,  in  general,  suppuration  is  not  readily  induced 

in  the  lower  animals  by  its  subcutaneous  injection.  Liability  to  sup- 
puration is  greatly  increased  by  mechanical  or  chemical  injury  to  the 

tissues  with  which  the  Rcrm  is  brought  in  contact.  Injection  of  a  viru- 
lent culture  into  the  ear  vein  of  the  rabbit  is  usually  followed  by  multi- 
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pie  abscesses  in  the  kidneys  and  muscles,  by  suppuration  of  joints,  etc, 
(Fig.  1  IS). 

In  man  this  coccus  grows  readily  and  rapidly,  and  may  induce  necro- 
sis and  exudative  inflammation,  especially  the  suppurative  phases  (Fig. 

119).  The  lesions  which  it  induces  are  apt  to  be  circuniHcribed,  but  it 
may  induce  septiceemia  and  pyemia.  It  may  induce  pustules,  boils, 
and  abscesses,  and  various  suppurative  inflammations  of  the  visceral 
and  serous  membranes,  joints,  bones,  endocardium,  etc.  These  effects 
may  be  induced  by  the  staphylococcus  alone  or  by  it  in  association 

with  other  species  of  germs.  It  is  frequenty  lassociated  with  Strepto- 
coccus pyogenes. 

Staphylococcus  pyogenes  aureus  incites  these  changes  in  the  botly 
in  virtue  of  certain  toxins  or  toxalbumins  which  are  produced  as  the 
result  of  its  metabolism,  and  which  are  either  at  tmce  set  free  or  stored 

up  in  the  body  of  the  germs — endotoxin.s — until  their  release  by  dis- 
integration after  the  death  of  the  germs.  The  special  power  of  the 

staphylococcus  to  cause  the  gathering  of  teucocytc-s  i.s  apparently  due 
to  the  marked  chemotaxic  powers  of  some  of  the  protein  substunce.s  in 
its  protoplasm.  In  its  growth  in  the  body  stiiphylococcus  may  lead  to 
the  development  of  lucmolytic,  agglutinative,  leucocidal,  leucolytic,  and 
opsonic  substances. 

Portals  of  Entry. — It  may  enter  the  body  through  wounds,  small  or 
large,  of  the  skin  or  mucous  membranes,  through  sweat  and  sebaceous 
glands  and  hair  follicles,  and  sometimes  through  uninjured  surfaces. 
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In  many  cases  its  mode  of  access  is  not  evident.*     While  usually  this  germ 
dies  in  the  body,  it  may  remain  for  a  long  time  alive. 

Sources. — It  is  widespread  in  inhabited  regions,  especially  in  towns, 
being  fre(iuently  found  on  the  surface  of  the  body,  and  in  the  saliva,  par- 

ticularly of  those  with  acute  or  chronic  catarrh  of  the  upper  air  pas- 
sages. As  the  result  of  the  filthy  habit  of  indiscriminate  public  spitting 

and  unguarded  sneezing,  it  is  common  in  the  dust  of  hospitals,  houses, 

towns,  public  conveyances,  and  places  of  public  assembly.^  It  is  prob- 
able, however,  that  the  larger  part  of  the  acute  staphylococcus  infections 

are  incited  by  organisms  derived  directly  or  indirectly  from  others 
already  infected. 

Susceptibility. — In  man  there  may  be  a  susceptibility  to  Staphy- 
lococcus pyogenes  associated  with  a  general  disease,  diabetes  for  example. 

On  the  other  hand,  local  susceptibility  in  man  is  of  frequent  occurrence. 
In  the  so-called  furunculosis  and  in  carbuncle,  local  areas  of  inflamma- 

tion may  develop  and  persist  for  long  periods,  fresh  foci  developing 
as  the  older  ones  heal.  In  some  instances  this  local  vulnerability  is 
apparently  associated  with  minor  local  injuries,  such  as  the  friction  of 
garments  at  the  back  of  the  neck  or  pressure  and  friction  in  the  gluteal 
regions.  Sometimes,  however,  the  local  vulnerability  appears  to  arise 
from  disturbances  in  the  sebaceous  and  sweat  glands  and  hair  folli- 

cles, leading  to  stagnation  of  secretions  in  which  the  bacteria  long  per- 
sisting on  the  surface  find  lodgment  and  conditions  favorable  to  their 

development. 

The  studies  of  Wright  have  indicated  that  in  cases  of  carbuncle  and  furunculosis 

the  opsonic  index'  for  the  special  strain  of  staphylococcus  concerned  may  be  low,  and, 
further,  that  the  raising  of  this  by  the  injection  of  emulsions  of  the  dead  bodies  of  these 
organisms — vaccines  of  Wright — may  lead  to  a  rapid  immunization  of  the  individual, 
marked  by  a  rise  in  the  opsonic  index  of  his  serum  and  the  speedy  decline  of  the  local 
inflammatory  reaction. 

Other  Fonns  of  Staphylococcus. 

Not  all  the  yellow  staphylococci  found  in  dust  and  on  the  person  are  pathogenic. 
These  may  be  indistinguishable  from  the  infective  forms  by  the  usual  culture  methods. 
They  may,  however,  be  differentiated  not  only  by  their  innocuousness  to  animals, 
but  in  their  failure  to  develop  in  these  either  agglutinative  or  leucolytic  substance*. 

Staphylococcxts  pyogenes  albus. — This  appears  to  l>e  a  variety  of  the  Staphylo- 
coccus pyogenes  which  does  not  develop  the  yellow  color  in  cultures.  It  is  of  frequent 

occurrence  both  in  connection  with  the  aureus  and  alone.  Its  action  on  the  body  is 
similar,  but  it  has  seemed  to  many  observers  to  be  in  general  less  virulent. 

Staphylococcus  epidermiduH  albus. — This  coccus  has  l)een  described  by  Welch  as  of 
freciuent  occurrence  in  the  epidermis,  and,  although  of  rather  feeble  pyogenic  power, 
yet  seems  frequently  to  cause  small  stitch-abscesses  and  moderate  suppuration  along 
drainage  tubes.  Welch  regards  it  as  possibly  a  variety  of  Staphylococcus  pyogenes 
albus. 

Other  forms  of  staphylococcus  have  l)een  described — S.  salivarius  pyogenes,  S. 
cereus  albus  and  flavus — but  they  are  apparently  of  Httle  pathological  significance. 

'  For  a  r^sumi  of  the  r61e  of  S.  pyogenes  aureus  in  the  skin  disease,  with  bibl.,  see  White,  Boet. 
Med.  and  Surg.  Jour.,  vol.  cxli.,  p.  235,  1899. 

'  For  bibliography  of  S.  pyogenes  aureus  consult  article  by  Seinaer  and  Lipstein  in  Kolle  and 
Wassermann's  "Handbuch  der  Mikroorgani«(men,"  Bd.  ii.,  p.  105. 

3  See  p.  187. 
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E  STREPTOCOCcrH  Pyoi 

The  Slreploroecus  pyogenen  (Micrococcus  pyogenes)  is  distinguished  morphologi- 
cally from  the  cocci  just  descrilied  by  the  marked  tendency  nhjch  the  individuals 

exhibit,  when  growing,  to  hang  together  in  longer  or  shorter  chains  (Fig.  120).  It  is, 
like  the  Staphylococcus  pyogenes,  immobile,  and  stains  easily  in  the  same  way.  By 

a  special  method  Hiss  has  demonstrated  a  capsule  on  streplococct.' 
It  grows  reailily,  but  more  Mliiwly  than  Stuphyli)Corctis  pyogenes,  on  the  onlinary 

culture  media.     It  does  not  fluidify  gelatin,  on  which  it  grows  as  small,  inconspicuous, 

grayish  white  colonies.     On  the  surface  of  agar  plates  kept  in  the  thermostat  at  37°  C. 
for  twenty-four  hours,   the  small   grayish   colonies 
usually    show,    under   the  microscope,   loops  and 
fringes  of  the  chain-like  cocci  extending  off  from  the 
borders.     The  growth  on  potatoes  is  inconspicuous. 
In  nutrient  broth  it  usually  forms  <lelicate,  flocculent 

mosses,  which  cling  to  the  sides  of  the  tubes,  leaving      ' 
the  fluid  clear.    Occasionally  the  masses  of  strepto- 

cocci are  dense  and  compact.       Nut    infreiguently 
the  growth  is  diffused  through  the  nutrient  broth, 
rendering  it  turbid.      When  in   vigorous  growth  it 

coagulates  milk  and  develops  luemolylic  substances  Fia.  120.— Stheptococcvs 

in  its  growth.'  Ptoqeneb. 

The   hemolytic   powers  of  growing  streptococci  From  a  broth  culiure, 
may  be  shown  by  mingling  red  blood  cells  with  Ihe 

nutrient  medium  on  a  Pelri  plate  culture.  Under  these  conditions  around  the  grow- 
ing colonies  a  clear,  colorless  area  in  Ihe  me<lium  is  formed,  which  indicates  the 

occurrence  of  hatmolysis  in  the  jmme<liate  vicinity  of  the  colonies  (see  Fig.  121). 
There  is  considerable  difference  in  the  tenacity  with  which,  in  broth  cultures  of 

streptococci  from  different  soiirces,  the  individual  cocci  cling  together,  so  that  in  one 
set  of  cultures  the  chains  may  be  very  long,  in  another  short..  It  has  Iwen  thought  by 
Home  observers  that  this  difference  is  so  constant  as  to  justify  special  names  for  these 

growth  variants  of  the  streptococcus,  and  they  have  been  colled,  respectively,  Slreplo- 
cocciv<  longuK  and  Stre fitiKncciiK  brerin.  The  growth  in  small  dense  masses  has  given 
rise  to  the  name  Slrfiitococcun  ronglomeratim.  It  is  doubtful  whether  these  names 
indicate  more  than  rather  inconstant  growth  varieties  depending  upon  variations  in 
the  culture  me[lia. 

Effects  of  Streptococcus  Pyogenes  in  the  Body. — Streptococci  which 
give  evidence  of  little  virulence  in  animal  inoculation  are  very  common 
in  the  mouths  of  healthy  persons.  The  significance  of  these  germs  in 
healthy  mouths  is  not  yet  dear. 

The  re.suhs  of  animal  inoculation  witli  tlie  Streptococcus  pyogenes 
are  in  general  similar  to  those  with  the  Staphylococcus  pyogenes  aureus. 

The  streptot'oecus  is  very  frei|uentiy  associated  with  the  Btaphyloccocus 
both  in  its  distribution  outside  the  body,  in  healthy  persona,  and  in 
disease.  In  general  it  may  be  said  that  the  streptococcus  incites  those 

forms  of  suppuration  and  fibrino-purulcnt  inflammation  which  tend  to 
spread  both  locally  and  (hrough  metastasis. 

Streptococcus  pyogenes  has  been  found  either  alone  or  in  association 

with  staphylococcus  in  a  large  number  of  sup])urative  and  other  in- 
flammatory processes  in  various  parts  of  the  body;  the  condition  in  some 

eases  receiving  special  names,  in  others  not.  Thus,  in  boils  anil  car- 
buncles, in  abscesses  and  phlegmons,  in  herpes,  iuipetigo,  and  panaritium, 

'Him.  Si-ifure.  Marrh  7th.  190-.',  p.  Sfl7;  Jmir.  Eir".  Mr-rt..  lOOI-O.-i,  vi..  317. 
'Forhemul^-siaDfMn'pt'jcoFi'UH.siv.SciM.'i'nHFr,  ZdLf.  HvR.  u.  Itilkr..  B<L.  xliv..  IQa^,  p.  428. 
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in  phlebitis  and  lymphangitis,  in  erysipelas,  in  suppurative  inflamma- 
tion of  various  mucous  and  serous  membranes,  especially  of  the  throat 

and  the  gastro-intestinal  canal,  and  of  the  bones  and  joints,  in  some 
forms  of  bronchitis  and  pneumonia,  in  puerperal  and  other  forms  of 
septica-mia,  in  the  pustules  of  smallpox,  one  or  other  or  both  of  these 
germs  are  frequently  concerned.' 

One  of  the  most  important  features  of  the  relationship  of  Streptococ- 
cus pyogenes  to  man  is  the  frequency  with  which  it  enters  as  a  concur- 

Fla.  121..— Hsuc 

rent  pathogenic  agent  in  already  established  infectious  diseases  due  to 
other  forms  of  micro-organisms.  Thus,  some  of  the  most  serious  com- 

plications to  which  the  victims  of  scarlatina,  diphtheria,  typhoid  fever, 
and  pulmonary  tuberculosis  are  liable  are  due  to  the  action  of  the  strep- 

tococcus in  the  body  rendered  unusually  vulnerable  by  the  existence  of 
another  form  of  infection. 

The  serum  of  individuals  adapted  (immunized)  to  streptococci  may 

agglutinate  the  homologous  micro-organisms.' 
Streptococci,  which  upon  their  isolation  from  the  body  in  suppurative 

or  other  infectious  processes  are  very  virulent,  usually,  and  sometimes 

d  V.  Piri/uet,  Cenirhl.  (.  Bak.,  Abth.  I., 
.  u.  Infkr..  Bd.  xLiv..  1»03.  p.  ISI;al>a, 
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very  quickly,  partially  or  wholly  lose  this  virulence  under  artificial 
cultivation.  On  the  other  hand,  cultures  of  streptococci  which  have 
largely  lost  virulence  under  artificial  cultivation,  or  whose  initial  viru- 

lence was  slight,  may  experience  a  great  exaltation  of  virulence  by  a 
long  succession  of  inoculations  from  animal  to  animal.* 

In  streptococcus  infections  haemolytic,  agglutinating,  and  opsonic 
substances  may  be  formed  in  the  body. 

Artificial  Immunity. — The  metabolic  products  formed  by  virulent 
streptococci  growing  in  nutrient  broth  have  been  found  to  induce  in  an- 

imals the  symptoms  of  toxaemia.  The  results  of  preliminary  experiments 
on  immunization  with  these  toxic  products,  and  the  dead  and  living 
bodies  of  the  germs  and  the  use  of  the  blood  serum  of  the  immune 
animal  for  therapeutic  purposes,  are  complex,  and  along  the  present 
lines  of  work  apparently  not  very  promising.  But  though  the  antitoxic 
value  of  the  so-called  streptococcus  antitoxin  has  not  been  definitely 
established  bactericidal  opsonic  powers  have  been  demonstrated. 

It  has  been  found  that  normal  human  serum  has  no,  or  but  slight, 

streptococcidal  power.  The  studies  of  Ruediger^  show  that  in  rabbits 
and  guinea-pigs  the  destruction  of  streptococci  is  effected,  largely  at 
least,  by  phagocytes.  In  man  also,  in  whom  recovery  from  the  invasion 

of  the  tissues  as  well  as  the  blood  is  of  frequent  occurrence,  Ruediger' 
has  shown  that  phagocytes  play  an  important  rdle,  and  that  opsonins 
which  are  increased  during  the  course  of  a  streptococcus  infection — 
erysipelas — act  upon  the  bacteria  before  phagocytosis  takes  place. 

There  are  several  non-pathogenic  forms  of  streptococci. 

ERYSIPELAS. 

Erysipelas  is  a  diffuse  inflammation  of  the  skin  and  subcutaneous 
tissue  which  tends  to  spread,  and  is  characterized  locally  by  swelling  of 
the  tissue  and  a  bright  red  color  of  the  integument.  It  is  usually  accom- 

panied by  constitutional  disturbances,  the  most  marked  of  which  is 
fever.  The  morphological  changes  at  the  seat  of  lesion,  as  we  see  them 
after  death,  vary  considerably  in  different  cases  and  in  different  stages 
of  the  disease.  The  redness  of  the  skin  usually  disappears  after  death. 
But  the  tissues  may  be  swollen  by  the  accumulation  of  serous  fluid. 
This  fluid  may  be  nearly  transparent,  or  turbid  from  admixture  with 
pus  cells  (Fig.  122).  Pus  cells  may  infiltrate  the  tissues  either  sparsely 
or  in  dense  masses.  Fibrin  may  be  present,  abscesses  may  form.  Some- 

times vesicles  or  scabs  are  found  on  the  surface,  or  the  affected  region 
may  become  gangrenous.  Aside  from  the  local  lesions,  there  may  be 
toxaemia  marked  by  petechiae  in  the  serous  membranes,  swelling  of  the 
spleen,  focal  necroses,  and  albuminous  degeneration  in  the  kidneys  and 
liver. 

1  For  bibliography  of  streptococcus  consult  the  article  by  v.  LingeUheim,  in  Kolle  and  Waaser- 
mann's  "Handbuch  der  MikroorKanismen,"  Bd.  iii.,  p.  303;  for  a  study  of  the  action  of  streptococcus 
toxin  on  various  parts  of  the  body  see  HovUn  and  others,  Ziegler's  "  Beitriige,"  Bd.  xxv.,  1899. 

'  Ruedxger,  Jour.  Amer.  Med.  Assn.,  vol.  xliv.,  p.  198,  1905. 
•  Ruediger,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  156,  1906. 
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The  most  common  excitant  of  erysipelas  is  Streptococcus  pyogenes.' 
This  organism  may  be  present  in  large  numbers  in  the  lymph-vessels, 
especially  in  the  borders  of  the  inflamed  region.  The  reasons  for  the 
clinical  peculiarities  of  this  phase  of  inflammation  are  not  yet  very  clear. 

mFECTIOUS    PSEUDO-lfElffBRANOUS    mFLAMMATION    OF    MUCOUS    MEM- 
BRANES.    (Pseudo -Diphtheria;  Diphtheroid  Angina;  Membranous  Angina.) 

Under  a  variety  of  conditions,  as  during  scarlatina  and  measles, 

whooping-cough,  typhoid  fever,  etc.,  or  entirely  apart  from  any  compli- 
cating disorder,  an  acute  exudative  inflammation  of  the  mucous  mem- -  -> 

Fio.   122. — Erysipelas  of  the  Skin. 

Showing  streptococci  in  the  lymph-spaces. 

branes,  especially  of  the  upper  air  passages,  occurs,  which  is  associated 

with  and  is  apparently  induced  by  the  growth  of  Streptococcus  pyog- 
enes.' There  may  be  much  or  little  fibrinous  exudate;  there  may  in 

early  stages,  or  even  throughout,  be  none  at  all.  The  pellicle  when  formed 
may  be  loose  or  adherent,  sharply  circumscribed  or  tending  to  spread. 
The  submucous  tissue  may  show  little  change,  or  may  be  congested  and 
oedematous,  or  may  be  the  seat  of  suppurative  inflammation  (see  Fig.  123), 
necrosis,  or  gangrene.  The  process  may  be  confined  to  the  tonsils. 
While  under  these  varying  conditions  the  inflammatory  process  is  usually 

a  local  one  and  runs  its  course  with  or  without  the  symptoms  of  septicae- 
mia, occasionally  the  streptococcus  which  enters  the  blood  may  induce 

the  lesions  of  pyaemia,  On  the  other  hand,  it  may  by  aspiration  gain 
access  to  the  lungs  and  induce  varying  phases  of  complicating  broncho- 

pneumonia. The  Staphylococcus  pyogenes  is  not  infrequently  associated 
with  the  streptococcus  in  these  lesions,  but  is  not  apparently  of  primary 
significance. 

Simulating  very  closely,  as  it  does  in  many  cases,  both  the  local  and 

*  In  the  early  days  of  mo<lem  bacteriology  the  "chain"  coccus  which  was  discovered  in  the  exu- 
date of  erysipelas  was  thought  to  bear  a  peculiar  relationship  to  this  clinical  form  of  phlegmonous  inflnm- 

mation  and  was  called  by  Fehhiften  Streptococcus  erj'sipelatis.  but  it  has  now  been  definitely  identified 
with  the  S.  pyogenas. 

^'Prwiden,  Med.  Record,  1891;  Baginnky,  D.  Med.  Zeits.,  1900. 
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general  phenomena  of  diphtheria,  this  diHorder  has  formerly  been  con- 
founded with  it,  and  has  only  recently  been  recognized  as  a  distinct 

phase  of  disease.  It  is  now  most  freiiuently  called  pseudo-diphtheria. 
It  seems  in  part  to  cover  the  condition  formerly  known  as  croup,  in  part 
those  cases  formerly  thought  to  be  mild  diphtheria.  In  many  phases  of 
acute  angina,  and  in  many  cases  of  follicular  tonsillitis,  streptococci 

have  been  found  in  large  numbers.  Other  bacteria,  either  alone  or  in 
association  with  the  pyogenic  cocci,  may  be  e-vcitants  of  pseudo-mem- 

branous as  well  as  simple  angina. 

OTHER  BACTERIA  WHICH  ARE  FREQUEIHT  EXCITAHTS  OF  SOPPURATIOH. 

While  the  Staphylococcus  pyogenes  and  Streptococcus  pyogenes  are 
the  most  common  excitants  of  local  suppuration  with  and  without 

toxemia  and  septicEemia,  such  conditions,  as  we  have  seen,  are  not  in- 
frequently due  to  other  micro-organisms.  Among  these  we  may  men- 

tion here  as  the  more  common  and  important: — Uiplococcus  pneumoniie, 
the  gonococcus,  Micrococcus  tetragenus,  BacOlus  pyo:'yaneus.  the  colon 
and  the  typhoid  bacillus,  the  bacillus  of  glanders,  the  tubercle  bacillus, 
the  pneu mo-bacillus  of  Freidlander,  the  diplococcus  of  cerebrospinal 
meningitis,  Bacillus  pyogenes  fcetidus,  and  Actinomyces  with  its  related 
forms. 

In  some  of  these  organisms  the  pyogenic  qualities  in  their  relation- 
ships to  human  infections  are  most  conspicuous;  in  otiiers.  the  reaction 

of  the  body  to  their  presence  is  such  as  to  justify  a  special  name.     The 
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latter  is  particularly  noteworthy  in  the  case  of  the  pneumococcus,  the 

gonococcus,  glanders,  typhoid,  and  tubercle  bacilli,  diplococcus  menin- 
gitidis, and  actinomyces. 

Many  other  micro-organisms  may  be  excitants  of  suppurative  inflam- 
mation in  man  as  well  as  in  the  lower  animals  under  experimental 

conditions,  but  this  exceptional  reaction  of  living  tissues  does  not  fall 
within  the  scope  of  this  work,  which  deals  primarily  with  such  tissue 
reactions  as  may  occur  under  the  usual  conditions  of  life. 

The  Bacillus  Coli  Communis  and  the  Colon  Group. 

The  Bacillus  coli  communis  is  an  organism  so  commonly  present  in  the 

intestines  under  normal  conditions  as  to  be  usually  called  the  "colon 
bacillus.'*  It  is  motile,  facultative,  aerobic,  asporogenous,  considerably 
resembling  in  general  form  the  typhoid  bacillus  (see  p.  235).  It  grows 
readily  in  artificial  cultures  and  does  not  fluidify  gelatin.  It  has  been 
repeatedly  found  under  such  conditions  in  connection  with  suppurative 
processes  as  to  justify  the  belief  that  it  is  often  their  excitant. 

It  has  been  found  in  various  forms  of  peritoneal  suppuration,  both 
with  and  without  such  lesions  of  the  intestine  as  would  obviously  permit 

of  its  egress;  in  appendicitis;  in  suppuration  about  the  gall-ducts;  in 
hsemorrhagic  pancreatitis;  in  inflammatory  processes  in  the  genito- 

urinary apparatus;  frequently  in  the  bladder,  in  the  pericardium  and 
pleura,  and  it  is  believed  to  be  concerned  in  certain  types  of  diarrhoea. 
It  is  often  concerned  in  terminal  infections. 

Local  infection  with  this  organism  is  often  associated  with  serious 
toxaemia  and  septicaemia.  Intravascular  injections  of  virulent  cultures 
in  rabbits  are  usually  followed  by  symptoms  and  lesions  of  septicaemia. 
Introduced  subcutaneously  and  intraperitoneally,  it  may  excite  local 
suppuration  or  sero-fibrinous  inflammation,  often  haemorrhagic  in  char- 

acter, terminating  fatally.^ 
It  is  not  possible  to  indicate  very  definitely  all  the  conditions  under 

which  the  colon  bacillus,  an  ordinarily  harmless  intestinal  saprophyte, 
may  gain  access  to  the  tissues  and  become  actively  pathogenic.  Whether 
it  is  special  strains  of  the  bacillus  coming  in  from  without  which  are 
pathogenic,  or  whether  the  ordinary  forms  assume  virulent  capacities 
under  unknown  conditions,  we  cannot  tell  to-day.  It  appears  in  any 
event  that  very  slight  damage  to  the  mucous  membrane  of  the  intes- 

tinal tract  which  may  permit  the  exit  of  the  germs,  or  the  existence  of 
damaged  tissues  elsewhere  in  the  body — in  the  kidney,  ureter,  perito- 

neum, etc.,  for  example — favor  infection  with  this  organism.  To  what 
extent  a  reduction  in  efficiency  of  the  protective  fluids  of  the  body 
may  detertnine  infection  we  cannot  say  with  certainty.  Shortly  after 
death  the  colon  bacillus  may  pass  from  the  intestine  into  the  tissues. 
The  possibility  of  this  post-mortem  invasion  should  be  borne  in  mind 

1  For  details  concerning  B.  coli,  with  bibliography,  see  Lartigau,  "Studies  from  the  Dcpt.  of  Path., 
Col.  of  Phys.  and  Surg.,  Columbia  Univ.,  vol.  viii.,  1902;  also  Eschcrich  and  PfauruUer  in  KoUe  and 

Waasermann's  "Handbuch  der  Mikroorganismen,"  Bd.  ii.,  p.  334. 



THE   INFECTIOUS    DISEASES  215 

in  cultures  from  the  dead  body,  since  it  may  readily  and  doubtless 
often  has  given  rise  to  errors  in  diagnosis. 

The  Colon  Group. — There  are  so  many  organisms  so  closely  resembling 
the  colon  bacillus  in  their  morphological  and  biological  characters 
that  it  has  been  found  convenient  to  consider  them  as  possible  variations 

of  one  form  and  to  speak  of  them  collectively  as  the  ''colon  group/' 
The  differentiation  between  the  individual  members  of  this  group  and 
between  these  and  the  typhoid  bacillus  has  presented  many  difficulties 
to  bacteriologists  and  given  rise  to  much  technical  finesse.  It  is  now 
possible  to  differentiate  between  members  of  the  colon  group  and  the 
typhoid  bacillus  and  to  separate  them  in  cultures  (see  ref .  to  Hiss,  p.  246.) 

The  Bacillus  Pyocyaneus. 

This  has  been  known  for  several  years  as  an  organism  occasionally 
found  in  pus  to  which  in  its  growth  it  imparted  a  greenish  color.  Char- 
rin  in  1889  established  the  significance  of  the  organism  as  an  excitant 
of  suppurative  inflammation  and  various  manifestations  of  septicaemia 

to  which  he  gave  the  name  ̂ ^  Maladie  pyocyanique.^*  Since  this  time 
many  cases  have  been  reported  in  which  the  Bacillus  pyocyaneus,  either 
alone  or  in  association  with  other  organisms,  has  been  found;  for  ex- 

ample, in  purulent  otitis  media,  angina,  endocarditis  and  pericarditis, 
suppurative  inflammation  of  the  urinary  tract,  meningitis,  broncho- 

pneumonia, gastro-intestinal  disturbances  in  infants  and  adults,  and 
in  lesions  of  the  skin  as  well  as  in  systemic  infections  arising  from  pri- 

mary local  suppurative  inflammation.  The  green  color  is  not  always 

present  in  the  lesions,  being  first  developed  in  the  cultures  or  in  experi- 
mental animals. 

The  occurrence  of  the  organism  is  on  the  whole  infrequent.  It  was 
found  by  Jadowski  twice  in  systematic  cultures  of  the  exudate  from  two 
hundred  cases  of  suppurating  wounds.  Barker  found  it  in  eleven  out 
of  eight  hundred  cases  in  which  systematic  cultures  from  autopsies  were 
made.  It  was  found  in  three  out  of  one  hundred  cases  examined  by 
Lartigau.  Among  the  more  marked  lesions  which  may  be  present  in 
cases  of  pyocyaneous  infection,  we  may  mention  albuminous  degeneration 

in  the  viscera,  focal  necroses,  haemorrhages,  local  hyperplasije  (Oertel's 
lesion)  in  the  lymph-nodes  and  -nodules  throughout  the  body,  and  espe- 

cially superficial,  circumscribed  or  diffuse  necrosis  and  ulceration  in  the 
intestinal  mucous  membrane.^ 

Characters  of  the  Organism. 

This  organism  is  a  slender  bacillus,  sometimes  grows  in  short  chains,  is  motile, 

and  decolorizes  by  Gram's  method.  It  grows  readily  on  artificial  media,  usually 
developing  a  greenish  pigment.  It  liquefies  gelatin.  Subcutaneous  injection  of  cul- 

tures in  rabbits  may  be  followed  by  local  suppuration,  by  hsemorrhagic  oedema,  and 
by  septicaemia. 

*  For  a  critical  summary  of  the  cases,  with  ori|(inal  studies  and  bibliography,  consult  Lartigau, 
Phila.  Med.  Jour.,  Sept.  17th,  189S;  aUo  Jour,  of  Exp.  Med.,  vol.  iii.,  p.  595,  1898, 
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Bacillus  Mucosus  Capsulatus  (Friedldnder  Bacillus), 

In  a  small  proportion  of  cases  of  lobar  and  lobular  pneumonia,  and 
in  a  few  eases  of  exudative  inflammation  of  the  pleura,  pericardium, 
meninges,  nose,  throat,  and  middle  ear,  this  short  encapsulated  bacillus 
has  been  found.  It  is  sometimes  found  alone,  but  in  pneumonia  is  often 
associated  either  with  the  pneumococcus  or  with  the  pyogenic  cocci.  It 
has  been  found  in  the  nasal  secretion  and  mouths  of  healthy  persons. 
While  belonging  definitely  among  the  bacilli,  it  so  frequently  occurs  in 
the  form  of  very  short  rods  or  ovals  or  short  chains  that  it  was  formerly 
thought  to  belong  among  the  cocci.  It  is  readily  cultivated  on  artificial 
media  and  is  slightly  pathogenic  for  certain  animals. 

It  seems  highly  probable,  rather  than  proven,  that  it  may  be  at  least 

partially  responsible  for  the  lesions  with  which  it  is  infrequently  asso- 
ciated in  man.  This  germ  was  formerly  believed  to  be  of  great  impor- 

tance in  connection  with  acute  lobar  pneumonia,  and  for  a  time  was 
generally  spoken  of  as  the  pneumococcus  of  Friedlander.  It  is  now 

known  not  to  be  a  coccus,  and  is  certainly  of  subordinate,  though  occasion- 
ally serious,  importance  in  inducing  inflammation  of  the  lungs.  ̂ 

Micrococcus  Tetragenus. 

This  organism  has  been  many  times  found  about  the  mouth  and 
respiratory  tract,  especially  in  connection  with  suppurative  processes, 
tuberculous  cavities,  etc.  It  has  been  found  also  in  metastatic  abscesses. 
While  not  very  virulent  it  is  apparently  an  occasional  excitant,  either 

alone  or  with  other  organisms,  of  suppuration.' 

Characters  of  the  Organism. 

It  is  a  coccus  about  1  M  in  diameter,  usually  occurring  in  groups  of  four.  The^e 

tetrad  groups  may  be  encapsulated.  It  stains  by  Gram's  method,  and  is  readily 
cultivated  on  artificial  media.  It  forms  a  dense  whitish  growth  on  gelatin,  which  it 

does  not  fluidify.  Heptica^mic  lesions  with  local  suppuration  may  be  induced  in  guinea- 
pigs  by  subcutaneous  injection  with  cultures. 

r\^ The  Proteus  Group  of  Bacilli. 

This  is  a  large  and  in  the  economy  of  nature  an  important  group  of 
bacilli  much  concerned  with  the  putrefactive  processes. 

Characters  of  the  Group. 

The  bacilli  of  this  group  may  be  aerobes  or  facultative  anaerobes.  They  are  of 
medium  size,  asporogenous,  and  while  staining  readily  with  ordinary  dyes  are  apt  to 
be  decolorized  by  the  (iram  method.  While  the  organisms  of  this  group  are  bacilli, 
they  often  present  considerable  variation  in  form  as  they  grow,  sometimes  being  very 

>  Howard,  Philadelphii  Metlioal  Journal,  vol.  i.,  p.  336,  1898;  Sluhlem,  Cbl.  f.  Bak.,  Abt.  I.,  Orig. 
Bd.  xxxvi.,  p.  493,  1904;  Perkins,  Jour.  Infoc.  l)ls.,  vol.  i.,  p.  241,  1904. 

2  For  r^sunnf  of  the  significance  of  M.  tetragenus  and  for  bibliography  consult  £/arfi(^u,  Phila. 
Med.  Jour.,  Apr.  22d,  1S99. 
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short  80  as  to  resemble  cocci,  sometimes  forming  threads  which  may  be  so  bent  as  to 

suggest  spirals.  Their  growth  on  solid  media  is  especially  characterized  by  the  ten- 
dency to  send  runners  from  the  central  growth  out  into  the  surrounding  media,  thus 

establishing  secondary  growth  centres.  They  are  particularly  sensitive  to  environ- 
ment, so  that  physiological  as  well  as  morphological  variations  are  frequent.  It  is  for 

these  reasons  that  the  name  Proteus  has  been  given  to  the  group  and  to  various 
species.  The  limitations  of  the  named  species  are,  however,  in  many  cases  quite  ill 
defined. 

One  of  the  most  common  forms  has  been  called  Proteus  vulgaris. 

While  this  bacillus  is  very  widespread,  it  is  only  occasionally  the  exci- 
tant of  pathological  processes  in  man,  and  then  almost  always  in  concur- 

rence with  other  organisms,  usually  the  pyogenic  cocci.  Under  these 

conditions  a  suppurative  inflammation  with  foul  exudate  is  apt  to  de- 
velop. Thus  it  has  been  found  in  purulent  peritonitis  and  endometritis, 

in  pleurisy  and  in  phlegmonous  inflammation  in  various  parts  of  the 
body.  Although  this  bacillus  is  not  apt  to  grow  in  the  human  body, 

except  in  association  with  other  micro-organisms  which  may  damage 
the  tissues  or  in  tissues  already  vulnerable  from  injury,  it  may  in  the 
bladder  independently  incite  an  exudative  inflammation.  In  animals, 
subcutaneous  injection  of  the  pure  culture  in  considerable  quantity 
may  lead  to  abscess,  while  the  soluble  products  of  broth  culture  may 
induce  toxiemia. 

Several  other  forms  of  Proteus,  as  well  as  closely  related  species, 
have  been  found  in  human  lesions  for  the  most  part  suppurative  and 
necrotic  in  character,  and  these,  in  some  cases,  have  been  conclusively 
shown  to  be  the  excitants  of  the  pathological  processes,  but  the  scope 
of  this  work  does  not  permit  further  details. 

OTHER  PYOGENIC  BACTERIA. 

Among  the  other  bacteria  which  commonly  induce  local  suppuration, 

with  or  without  toxipmia  and  septicaemia,  some  are  of  frequent  occur- 
rence as  excitants  of  such  well-marked  and  more  or  less  characteristic 

forms  of  disease  as  have  long  been  recognized  clinically  and  have  re- 
ceived special  names,  such  as  pneumonia,  gonorrhoea,  cerebro-spinal  menin- 

gitis, etc.  The  tubercle  bacillus  may  also  induce  suppurative  inflam- 
mation. These  will  be  in  part  considered  in  the  section  dealing  with 

the  organs  in  which  their  more  characteristic  lesions  are  manifested. 

ACUTE  LOBAR  PNEUMONIA  AND  OTHER  INFECTIOUS  DISEASES  INDUCED  BY 
THE  DIPLOCOCCUS  PNEUMONI-ffi  (Pneumococcus  Lanceolatus). 

Diplococcus  pneumoniae  is  sometimes  spoken  of  as  the  ''pneumo- 
coccus of  Friinkel,"  because  its  significance  and  life  history  in  connection 

with  acute  lobar  pneumonia  were  first  demonstrated  by  him.^  It  is 
commonly  called  simply  the  ''pneumococcus.'' 

1  It  was  discovered  by  StomberR  in  saliva,  and  its  pathogenic  power  demonstrated  some  years  be- 
fore itij  full  significance  in  connection  with  pneumonia  was  understood. 
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Characters  of  the  Diplococcus  Pneumoais!. 

During  their  development  these  germs  are  distinctly  spheroidal;  but  in  their  ma- 
ture condition  they  are  apt  to  become  slightly  elongated  or  oval  and  are  often  a  little 

broader  at  one  end  than  at  the  other,  assuming  a  lanceolate  form.  They  are  very 
apt  to  occur  in  pairs,  and  frequently  are  seen  in  short  chains,  rarely  in  long  chains. 
Very  frequently,  when  growing  in  the  living  animaU.  the  pneumococcus  is  surrounded 
by  a  distinct,  homogeneous  capsule  of  varying  thickness  (see  Fig,  124).  Except  in 
certain  media  capsule  development  is  not  readily  seen  in  artificial  cultures.  The 

coccus  itself  is  readily  stained  by  the  anilin  dyes  and  retains  the  stain  by  Gram's 
method;  the  capsule  is  not  easily  demonstrated  except  by  special  staining 

methods.' 
has  no  spontaneous  movement  and  grows  but  feebly  at  ordi- 

It  grows  much  better  at  blood  heat,  forming  on  the  surface 

of  blood-serum  or  on  very  slightly  alkaline  glycerin-agar 
plates  faint  grayish,  dewdrop  like,  inconspicuous  colonies, 

#  somewhat  similar  to  those  of  Streptococcus  pyogenes,  but 

usually  more  delicate      In  lieef  tea  it  forms  at  body  tempera- 
   tore  a   delicate  shimmenng  turbidity  and  a  faint  whitish 

^K^^  sediment      As  a  rule    the  cultures  are  prone  to  lose  soon 
■' —  virulence  and  to  die  off  early,  but  the  virulence  may 

laintained    by  successive  inoculations   in  the   rabbit. 

'W      m  -■  The  pneumococcus  may  remain  viable  and   virulent  for 
^S"        •.  many  days  when  dned  in  sputum  but  in  the  form  of  small 

particles  such  as  are  distnbuted  in  coughing  and  ineeiing  it 
remains  ah\e   as  ̂ Vood' has  shown  for  from  one  to  one  and 
a   half   hours      In   direct   sun  light   tt   may   die   in   a  few (TV  -^ 

*"""*    Bules  ""  ̂   '^''^  '*rum  of  persons  suffering  from  acute  lobar  pneu- 
monia, as  well  as  the  serum  of  lower  animals  artificially 

immunized  to  the  Diplococcus  pneumonis  induces  agglu- 
tination of  the  organism  in  broth  cultures      Wadsworth  has  shown  that  by  the  use 

of  centrtfugatcd  cultures  of  the  organism    the  reaction  of  agglutination  can  be  ob- 

tained in   much  greater  dilution  than   by  the  usual  method  '     Precipitins  are  also 

Cultures  which  have  lieen  reduced  in  virulence,  so  at  not  to  cause  early  death  by 
septicemia,  may,  when  introduced  into  the  trachea  of  rabbits,  induce  circumscribed 
pneumonic  lesions,  especially  if  these  animals  arc  made  vulnerable  by  cold  or  by  other 

agencies  which  impair  the  integrity  of  the  blood  or  other  tissues.  'Wadsworth  has 
shown  that  by  partially  immunizing  rabbits  to  the  pneumococcus,  so  that  they  do  not 
speedily  die  from  septiciemia,  and  then  introducing  the  virulent  organism  into  the 
lungs  through  the  trachea,  diffuse  pneumonic  lessons  comparable  to  the  lobar  pneu- 

monias of  man  may  he  induced.'  Lesions  of  lobar  pneumonia  are  readily  induced  in 
the  dog  by  intratracheal  injections  of  the  pneumococcus.  Different  animal  species 
vary  in  vulnerabiUty  to  the  pneumococcus. 

This  germ  is  the  exclusive  incitant  of  typical  lobar  pneumonia  in 

man,  and  in  a  large  proportion,  if  not  in  all,  cases  it  is  present  m  the 

blood.*  It  induces  locally  in  the  lungs  an  acute  exudative  inflammation 
associated  with  an  enormous  and  rapid  multiplication  of  the  germ  and  a 

toxarmia  due  to  the  distribution  of  soluble  toxic  products  through  the 
blood. 
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For  a  more  detailed  description  of  these  lesions  of  pneumonia,  and  an 
account  of  other  bacteria  which  may  be  present,  see  page  603. 

In  addition  to  its  more  common  effect  in  inducing  lobar  pneumonia, 
the  pneumococcus  is  frequently  the  excitant  of  exudative  inflammation 
in  other  parts  of  the  body,  either  in  connection  with  or  without  a  primary 
lobar  pneumonia.  Thus  it  has  been  repeatedly  found  in  pleuritis, 
otitis,  meningitis,  empyema,  pericarditis,  endocarditis,  and  in  perit- 

onitis. It  has  been  found  in  abscesses  of  the  viscera  and  in  exudative 

inflammation  of  the  joints.  It  may  induce  pseudomembranous  inflam- 
mation of  the  mucous  membranes.^  Leucocytosis  usually  accompanies 

infection  with  the  pneumococcus. 
Sources  of  Pnetimococcus. — The  pneumococcus  has  been  found  in 

the  mouths  of  a  large  proportion  of  healthy  persons  examined.  The 
forms  present  in  the  mouths  of  healthy  persons  are  apparently  usually 

less  virulent  than  the  strains  concerned  in  the  incitement  of  pneumonia.^ 
It  is  thrown  off  in  the  sputum  in  lobar  pneumonia,  and  no  doubt  from 
this  source  to  a  certain  extent  in  the  dried  condition,  as  dust,  but  more 
often  in  the  droplets  of  sputum  ejected  in  the  coughing  of  pneumonics 

or  in  the  fine  spray  formed  in  sneezing,'  furnishes  the  infectious  agent 
which  in  favoring  conditions  of  the  body  lights  up  the  inflammatory 

process  in  the  lungs.^ 
Toxic  Products  of  the  Pneumococcus. — Although  clinically  pneumonia 

bears  many  marks  of  toxaemia,  investigators  have  not  thus  far  succeeded 
in  finding  evidence  that,  either  in  artificial  cultures  or  in  the  infected  body, 
very  potent  soluble  toxins  are  given  off  through  the  metabolic  activities 

of  the  pneumococcus.  There  is  evidence,  on  the  other  hand,^  that  the 
toxic  effects  may  be  induced  by  endotoxins  which  are  set  free  when  in  the 
course  of  the  disease  the  organisms  die  and  suffer  lysis. 

The  Crisis  in  Pneumonia. — The  dramatic  character  of  the  crisis  in 
many  cases  of  pneumonia  has  led  to  much  conjecture  as  to  the  changes 
in  the  body  fluids  or  the  bacteria  which  may  occur  at  this  time.  There 
appears  to  be  no  marked  development  of  bactericidal  power  of  the  serum 
alone;  antitoxic  substances  are  not  demonstrable.  It  has  been  con- 

jectured that  the  new  lore  of  the  opsonins  might  throw  light  upon  the 
rdle  of  phagocytes.  But  in  spite  of  much  research  no  very  decisive 

data  have  as  yet  been  elicited.® 
Rosenow^  has  shown  that  neither  normal  nor  pneumonic  sera  are 

pneumococcidal;  that  w^hile  non-virulent  pneumococci  are  susceptible 

*  See  Cary  and  Lyon,  Trans.  Asan.  Amer.  Phys.,  vol.  xvi.,  p.  379,  1901,  bibl. 
'  For  a  consideration  of  the  pneumococcus  of  the  mouth  in  healthy  persons,  and  for  a  study  of 

varieties  or  strains  of  pneumococci,  see  studies  carried  on  under  the  auspices  of  the  Medical  Commission 
for  the  Investigation  of  Acute  Respiratory  Diseases  of  the  Department  of  Health  of  the  City  of  New 
York,  by  Park  and  Williams:  Collins:  Longcope  and  Fox:  Norris  and  Pappenheimer :  Duval  and  Liwis: 
Buerger:  Hiss:  and  Longcope:  Jour.  Exp.  Med.,  vol.  vii.,  pp.  401-626, 1905;  also  Eyre  and  Leathern,  Jour, 
of  Path.,  vol.  ii.,  p.  246,  1906. 

*  See  Wood,  Jour.  Exp.  Med.,  vol.  vii.,  p.  592,  1905. 
*  For  study  of  communicabllity  see  ref .  Edsall  and  Ghriskey,  p.  606.  For  a  study  of  disinfection  of 

the  mouth  and  of  sputum,  see  Wadsw^rth,  Jour.  Inf.  Dis.,  iii.,  1906. 
*  See  Mac/adyen,  Brit.  Med.  Jour.,  1906,  ii.,  p.  776. 
*  See  for  study  of  pneumococcus  infections  relating  to  the  crisis,  Strouse,  Jour.  Exp.  Med.,xi.,  743, 

1909. 

'  Rosenow,  Jour.  Inf.  Dig.,  vol.  Hi.,  p.  683,  1906. 
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to  phagocytosis,  virulent  strains  are  not,  but  may  become  so  when  under 
artificial  cultivation  they  lose  their  virulence.  With  the  restoration 

of  virulence  by  passage  through  a  series  of  animals,  resistance  to  phago- 
cytosis returns. 

Rosenow  has  also  determined  that  pneumonic  leucocytes  are  more 

actively  phagocytic  than  normal  leucocytes.  He  finds  the  pneumococco- 
opsonin  quite  resistant  to  heat,  and  that  it  may  fall  below  normal  in 
fatal  cases  of  pneumonia,  while,  during  or  after  crises  in  cases  which 
recover,  it  may  rise  above  the  normal.  He  states  that  pneumococci 
when  first  isolated  from  the  blood  of  pneumonia  patients,  whether 
before,  during,  or  after  crisis,  usually  refuse  phagocytosis. 

Rosenow  calls  attention  to  the  significance  of  leucocytosis,  in  pneu- 
monia as  well  as  other  infections,  in  fostering  phagocytosis,  and,  while 

attributing  considerable  importance  to  the  r6le  of  the  phagocytes  in 

the  destruction  of  pneumococci  in  vitrOj  considers  that  as  yet  experi- 
mental proof  is  lacking  that  the  crisis  and  recovery  in  pneumonia  are 

to  be  attributed  to  opsonification  and  phagocytosis  alone.* 
The  studies  of  Wolf  on  the  opsonic  power  of  the  blood  during  the 

course  of  pneumonia  call  attention  to  the  significance  of  leucocytosis 
in  sustaining  the  pneumococcidal  capacities  of  the  blood  above  the 
degree  indicated  by  the  opsonic  index  (see  p.  187).  Although  his 

observations  are  confined  to  a  few  cases,  he  concludes  that  **in  pneu- 
monia the  pneumococco-opsonic  index  is  first  decreased,  but  rises  in 

favorable  cases,  reaching  its  height  soon  after  crisis,  w^hile  in  fatal  cases 
it  remains  persistently  low.  The  estimated  total  antipneumococcal 
index  (estimated  from  the  leucocytic  index  and  the  opsonic  index)  is 
early  increased  and  remains  high  until  crisis  is  complete  in  cases  with 

favorable  termination.'' 
A  few  observations  of  Wolf*  on  cases  treated  with  the  dead  bodies  of 

pneumococci — ^^pneumococcal  vaccines'' — seem  to  him  to  indicate  that 
these  exert  a  favorable  influence  upon  the  course  of  the  disease. 

Staining  Reactions. — For  staining  the  pneumococcus  with  its  capsule  the  following 
method  of  Hiss'  gives  good  results.  Mix  the  exudate  or  culture  containing  the 
organism  on  the  cover-glass  with  a  drop  of  blood-serum  spread  thin,  dry  and  fix  by 
heat.  Add  a  few  drops  of  the  following  stain:  Five-  or  ten-per-cent.  solution  of 
gentian  violet  (5  c.c.  saturated  alcoholic  solution  of  gentian  violet  plus  95  c.c.  distilled 
water).  Heat  gently  until  steam  rises.  Wash  off  the  stain  with  a  twenty-per-cent. 
solution  of  cupric  sulphate.     Dry  and  mount  in  balsam. 

If  the  material  containing  the  organisms  already  contain  serum,  the  preliminary 
mixing  with  this  is  unnecessary.  Pneumococci  in  sputum,  which  without  the  addition 
of  serum  are  often  stained,  with  it  not  infrequently  give  better  results. 

The  method  of  Welch*  gives  good  results,  but  annoying  precipitates  often  form. 
After  drying  and  fixing  the  specimen  upon  the  cover-glass  in  the  usual  way,  it  is 
treated  with  glacial  acetic  acid,  which  is  at  once  drained  off  and  replaced  by  anilin- 
gentian-violet  solution  (p.  144),  this  being  drained  off  and  renewed  several  times  until 

^  For  a  study  of  the  virulence  of  pneumococcus  during  pneumonia  see  J urgcns,  Zeit.  f.  exp.  Path., 
Bd.  iii.,  p.  236,  1906. 

2  Wolf.  Jour.  Inf.  Dis.,  vol.  iii.,  p.  731,  1906. 
'  .See  on  methods  of  staining  encapsulated  pneumococci  Hisg,  Jour.  Exp.  Med.,  vol.  vi.,  p.  317, 

1901   .5;  also  Wndsuorth.  .Jour.  Inf.  DLs.,  vol.  iii.,  p.  610.  1906. 
*  Welch.  Johns  Hopkins  Hospital  Bulletin,  vol.  iii.,  p.  128,  1892. 
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the  acetic  acid  is  displaced.  The  specimen  is  now  washed  with  a  two-per-cent.  solu- 
tion of  sodium  chtorid,  ia  which  it  may  be  covered  and  studied.  The  pneumococcus 

may  lie  stained  in  sections  l>y  Weigert's  modification  of  Gram's  method  with  prelim- 
inary contrast  stain  (see  p.  144).  By  this  method  the  fihrin  in  pneumonic  exudate 

ia  also  stained.' 

Streptococcus  Mucosus  Capsulatus. 

In  pneumonic  and  other  exudates  and  In  the  normal  throat  one  occasionally  finds 
a  capsulated  organism  growing  in  short  chains  ami  forming  about  the  colonies  a  mass 
of  mucus-like  material.  It  is  virulent  tor  mice,  le«3  so  tor  rabbits.  After  growth 
through  several  generations  on  artificial  culture  media  it  loses  its  capacity  for  forming 
the  mucous  material  and  its  virulence  diminishes.  This  organism  is  regarded  by 
some  as  a  variety  of  the  pneumococcus,  by  others  as  a  separate  species.' 

GONORSHCEA   A5D   OTHER   INFLAHHATORY   LESIONS  IHDDCED   BY  THE 
mCROCOCCDS  G0110RRH<E.a:  (GonococcuB). 

The  Micrococcus  gonorrh(rw  (gonococcus)  is  most  commonly  found  in 
the  exudate  of  gonorrhceal  inflammation  of  the  mucous  membranes, 
especially  of  the  urethra.  It  may  be  free  or  enclosed  in  leucocytes  or 
other  cells  (Fig.  125),  within  or  between  the  epithelial  cells.  The 
organism   may  be  distributed  from 

the  seat   of  primary   lesion,   giving  '•*, 

rise  to  gonorrhceal  arthritis,  to  ma-  ■^' 
lignant   endocarditis,    to   exudative  ,''-1  ■■   .-*- 

inflammation  of  the  pleura,  and  to  '*' 
inflammatory     processes    in    other  ',-- 

parts  of  the  body.'  '  t-.  •    *% 
The  gonococcus  may  in  the  pri-  '    ,','   ' 

mary   as   well  as  in  the  secondary  '-'■'_■'/•       "..'-' 

lesions  be  associated  with  the  "pyo-  _.--  ,",,  '  ",1, 
genie   cocci,"   the   colon   bacilli,   or  \       ''''\  \'*' 
other    micro-organisms.     These    as-  "  ;i;   -'' social  ions    have    been    observed    in 

cases  of  pysemia  following  gono-  ̂ ^'t^tlZ^-^FEvvusri'^raHii  tiie'vhethra."* 
coceal  infection.     The  gonococcus  is 
usually  most  abundant  in  the  urethra  during  the  acute  stage  of  the 
inflammation.  But  long  after  the  organisms  have  disappeared  from 
the  urethral  discharge  tliey  may  be  present  in  small  numbers  in  the 
deeper  portions  of  the  urethra  or  in  the  prostatic  secretions  whence, 
under  favoring  conditions,  a  fresh  infection  may  arise.  In  the  female 
the  inflammation  develops  in  the  urethra  and  cervix,  and,  through  the 

transportation  of  the  gonococci,  may  extend  along  the  mucous  mem- 
brane to  the  uterus  and  into  the  Fallopian  tubes.     The  germs  may 

1  For  a  full  r/.unrf  of  th studies  on  Ihe  Diplworcua  pneumoniip  a™  11" 
ich-tlbaam D  KoLip  and 

■  See  SdiaUmMtr,  MQnoh mcxl.  Woth..  Julj-  llSlh,  1905;  ulao  Bufrg^r.  fill 
.\bth.,  Orig. 

BU.  III.,  p.  SI4,  1900, 
»Cm»ult,  foreaie.  nnd ibuliom  to 

of  Meiikine."p.  877.  19(IO:a •>.  fiti-a.  Alb.iny  Mp.1.  Ann.,  .Mnr.,  1900.  bil.l. 
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enter  the  peritoneum,  inducing  exudative  inflammation.  Hyperplasia 
and  suppuration  of  lymph-nodes  near  the  inflammatory  region  may 
occur.  Gonorrhoea!  conjunctivitis  is  similar  in  origin  and  character  to 
the  inflammation  of  the  urethra. 

Characters  of  the  Gonococcus. 

The  gonococcus  is  apt  to  occur  in  pairs,  the  apposed  sides  being  more  or  less  dis- 
tinctly flattened  (Fig.  126).  It  stains  readily  with  the  anilin  dyes,  and  dififers  from 

most  known  cocci  which  might  be  mistaken  for  it  in  that  it  is  decolorized  by  the  iodine 
solution  in  the  Gram  method  of  staining.  It  is  well  after  the  decolorization  by  this 
method,  and  before  mounting  in  balsam,  to  make  a  contrast  stain  with  a  dilute  aque- 

ous solution  of  Bismarck  brown.  Then  the  gonococci  will  be  of 
light-brown  color,  while  most  other  germs  will  retain  the  violet 
color. 

The  gonococcus  is  non-motile  and  does  not  grow  at  ordinary 
room  temperatures  nor  on  the  ordinary  solid  or  fluid  culture 
media.     It  may,  however,  be  cultivated  at  the  temperature  of 

Fig.  126.— Micro-     ̂ ^®  body  on  human  blood-serum  or  on  a  combination  of  this 
coccus  GoNORRHCKiS     with  agar. 
(Gonococcus).  In  serum-agar  the  surface  growth  of  the  gonococcus  is  in  the 

From  culture.  form  of  small  circular,  sharp-edged,  slightly  raised,  nearly  trans- 
parent colonies,  coarsely  mottled  in  the  central  portion,  finely 

granular  toward  the  borders.  The  life  of  the  colonies  under  artificial  culture  is 
short,  but  by  frequent  transference  to  fresh  media  it  may  be  maintained  indefinitely 
and  gradually  adapts  itself  to  the  artificial  environment. 

The  gonococcus  is  readily  killed  by  heat  and  light  and  drying  and  is  very  vulnerable 
in  the  presence  of  many  common  disinfectants. 

It  is  probable  that  the  organism  has  no  natural  habitat  outside  the  bodies  of 
human  beings.  The  lower  animals  are  not,  as  a  rule,  susceptible  to  inoculations  of 
the  mucous  membranes  vnth  the  gonococcus,  but  suppurative  inflammation  has  been 
induced  in  mice  and  guinea-pigs  by  intraperitoneal  injections. 

Inoculations  of  pure  cultures  of  the  gonococcus  upon  the  urethral 
mucous  membranes  of  man  have  been  repeatedly  made  and  were  followed 
by  a  characteristic  catarrhal  inflammation.  Thus  the  evidence  is  com- 

plete that  the  gonococcus  is  an  excitant  of  the  inflammation  with  which 
it  is  so  constantly  associated.  But  in  what  measure  this  germ,  in  what 
measure  others,  are  responsible  for  the  complicating  inflammations 
when  both  germs  occur  together,  is  yet  to  be  determined.  The  gono- 

coccus appears  to  act  rather  through  its  endotoxins  than  by  soluble 
substances  set  free  in  its  growth. 

Inasmuch  as  one  or  more  forms  of  cocci  and  diplococci  occurring  in 
the  normal  and  in  the  inflamed  urethra  are  morphologically  similar  to 
the  gonococcus,  great  caution  should  be  exercised  in  doubtful  cases  in 
deciding  upon  the  nature  of  suspicious  micro-organisms  in  urethral 
discharges  or  other  exudates.  But  the  pronounced  tendency  of  the 
gonococcus  to  gather  within  cells;  the  sometimes  conspicuous  but  often 
ill-defined  flattening  of  the  apposed  sides  of  the  gonococci;  the  decolor- 

ization by  Gram's  method,  which  leaves  most  other  germs  apt  to  be 
associated  with  the  gonococcus  still  stained,  and  whenever  practicable 
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the  artificial-culture  characters — these  all  should  be  conaitleretl  in  the 

sumniary  of  evidence.' 

ACUTE  CEREBRO-SPIHAL  HEIfniGITIS. 

Thia  is  an  acute  infectious  process  of  which  the  characteristic  lesion 
is  an  exudative  inflammation  of  the  pia  mater  of  the  brain  and  cord. 

As  a  rule  the  inflammation  of  the  pia  mater  rewultM  in  the  proiluction 
of  serum,  fibrin,  and  pus,  which  infiltrate  the  pia  mater  and  accumulate 
in  the  ventricles,  so  that  the  groas  appearance  of  the  brain  is  character- 

istic. The  exudation  is  often  especially  abumlant  at  the  base  of  the 
brain  and  over  the  posterior  surfaces  of  the  cord.  In  children  the  dis- 

tention of  the  lateral  ventricles  with  purulent  serum  may  be  a  marked 
feature,  while  in  adults  the  quantity  of  serum  is  apt  to  be  small.  (For 
details  of  the  lesions  in  exudative  meningitis  see  Nervous  System.) 

While  the  above  are  characteristic  lesions  of  thia  disease,  there  are  a 

number  of  secondary  or  associated  septicemic  or  to.-tapmic  lesions  in 
different  parts  of  the  body.  There  may  be  Hul>serous  punctate  hemor- 

rhages in  the  endocardium;  petechiie  in  the  skin;  acute  arteritis;  hyaline 
and  granular  degeneration  in  the  voluntary  striated  muscle;  occasional 

multiple  abscesses  in  various  parts  of  the  body;  suppurative  inflamma- 
tion of  the  joints;  albuminous  degeneration  of  the  heart,  liver,  and 

kidneys;  and  hyperplasia  of  the  gastro -intestinal  lymphatic  apparatus 
and  of  the  spleen. 

Cerebro-spinal  meningitis  may  occur  by  itself  or  in  connection  with 
some  other  acute  infectious  disease,  such  as  acute  lobar  pneumonia, 
mycotic     ulcerative     endocarditis,    pytemia, 
multiple  suppurative  arthritis,  otitis  media, 
puerperal  fever,  typhoid  fever,  etc. 

It  may  be  epidemic,  the  lesions,  however, 
being  essentially  similar  to  those  in  the  simple 
acute  form. 

The  bacterial  excitants  of  simple  sporailic     pm,  127.— Diru)coccf»  lstr*- 

cerebro-spinal  meningitis  are  most  commonly      ckllilarib.— MiKiNoocorLTB. 

the   pneumococcus   and   Streptococcus  pyo-     pu^^^^"^  °^"^f  ̂ ^emre genes.      Of  less  frequent  occurrence  in  the     terehro-spmni  meningitis, 
lesions  are  the  influenza  bacillus,  the  typhoid 
bacillus,  and  the  gonococcus.     Other  bacteria  have  been  recorded. 

Epidemic  Cerebro-Splnal  Henlog^tls. — This  form  of  exudative  inflam- 
mation of  the  meninges  of  the  brain  and  cord  is  induced  by  an  organism 

named  by  Weichselbaum  Diplococcus  intracellularis  meningitidis  {menin- 
gococcus) because  of  its  form  and  its  frequent  presence  within  cells  of  the 

exudate  (Fig.  127).  While  often  occurring  in  epidemics,  infection 
wth  the  meningococcus  may  be  sporadic. 
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The  lesions  are  in  general  gin:iilar  to  those  above  described  in  exuda- 
tive inflammation  of  the  meninges  with  other  excitants,  but,  in  distri- 

bution and  type,  present  some  moderately  characteristic  appearances. 

The  exudate,  which  is  purulent,  sero-purulent,  or  fibro-purulent,  is 
usually  most  marked  at  the  base  of  the  brain  and  on  the  posterior 
MurfacG  of  the  cord.  In  death  at  an  early  period  there  may  be  simple 
hypenemia  with  little  exudate.  The  purulent  exudate  consists  largely 
of  polymorphonuclear  leucocytes,  but  there  may  be  large  polyhe<lral 

cells  mingled  with  them.  These  large  cells,  apparently  derivatives  of 
endothelium,  are  phagocytic  and  may  contain  leucocytes,  red  blood 
cells,  etc.  At  later  periods  these  large  cells  may  preponderate  in  the 

exudate.  The  exudate  may  be  present  in  the  superficial  layei's  of  the 
brain  and  may  involve  the  cranial  nerves  and  the  spinal  nerve  roots. 

There  may  be  proliferation  of  neuroglia  cells.'  Acute  arteritis  with 
the  accumulation  of  leucocytes  and  the  formation  of  new  cells  beneath 
the  endothelium  of  the  small  arteries  of  the  brain  and  cord  (Figs.  128 
and  129)  is  often  present  in  this  disease. 

In  the  prolonged,  so-calJed  chronic  eases  there  may  be  cedema  and 
thickening  of  the  pia  mater  and  degeneration  of  the  pus  cells. 

I  For  nn  spitome  of  U-.iona  sm  Counrilman.  Jour.  Amer.  Med,  Awn.,  vol,  xliv.,  p.  997, 1905. 
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Characters  of  Diplococciu  Intracellularis  Heningitidis. 

It  is  a  dipIofOccuH,  considerably  resembling  the  gonococcua,  the 

pairs  and  tetrads  being  often  flattened  on  the  apposed  sides.  It  is  non- 

motile,  not  staining  by  Gram's  method.  It  grows  readily  though  not 
voluminously  on  appropriate  culture  media  at  body  temperature.  It 
is  readily  killed  by  exposure  to  sunlight,  and  by  drying  as  well  as  by 
heat,  cold,  and  the  common  disinfectants. 

While  the  meningococcus  is  must  abundant  in  the  meningeal  exudate, 

and  is  obtained  on  lumbar  puncture,  it  has  been  found  in  the  blood' 

and  in  the  nasal  passages.  Agglutinative  substances  are  formed  during 
the  infection. 

Pathogeaidty. — Inoculations  of  cultures  into  various  animals,  mice, 
rabbits,  guinea-pigs,  etc.,  show  that  it  is  moderately  pathogenic,  the 
effects  seeming  to  be  largely  due  to  an  endotoxin.  Flexner  has  induced 

in  monkeys  lesions  almost  identical  with  those  of  man.' 
Source. — The  fre^juent  occurrence  of  the  meningococcus  in  the 

nasal  passages  both  in  those  suffering  from  epidemic  cerebro-spinal 

meningitis  at  an  early  period  and  in  those  closely  associated  with  them," 
while  it  is  usually  absent  in  well  pensons  not  exposed  to  the  disease, 
leads  to  the  conclusion  that  the  infectious  material  may  be  transmitted 
by  the  nasal  secretion  directly,  or  through  the  air  in  the  spray  caused  by 
sneezing.  There  is  reason  for  believing  that  entrance  is  gained  through 

the  naao-pharyngeal  mucou.s  membrane,*  and  through  the  pharyngeal 
tonsil.  This  is  obviously  possible  through  the  direct  connections  which 
exist  between  the  meninges  and  the  nasal  mucosa  by  lymphatics  which 
pass  the  cribriform  bone  with  branches  of  the  olfactory  nerve.  But  the 

possibility  of  origin  through  the  Mood  is  to  be  held  in  mind.' 
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Serum  Therapy. — By  the  immunization  of  horses  with  dead  and 
living  cultures  of  meningococcus,  and  with  extracts  of  the  bodies,  cura- 

tive sera  have  been  prepared.^  The  Flexner  serum  injected  intra- 
spinousiy  has  been  found  after  critical  tests  on  a  large  number  of  cases 

to  be  an  extremely  valuable  curative  agent.* 

Micrococcus  Catarrhalis. 

Diplococci  resembling  the  meningococcus  and  called  M.  catarrhalis  have  been 
found  on  respiratory  mucous  membranes.  Their  cultural  characters  are  quite  similar 
to  those  of  the  meningococcus,  for  which  they  may  be  easily  mistaken.  They  are 
believed  to  be  incitants  of  catarrhal  inflammations.  They  are  often  associated  with 
pneumococcus  and  the  influenza  bacillus. 

GLANDERS. 

Glanders  is  an  infectious  disease  incited  by  the  presence  and  growth 
in  the  bodv  of  the  Bacillus  mallei. 

It  is  most  common  in  the  horse,  affecting  the  mucous  membrane  of 
the  nose  (when  involving  the  skin  the  disease  has  been  called  farcy)  ̂ 
and  can  be  communicated  to  man  and  to  certain  other  of  the  domestic 

animals  by  direct  or  accidental  inoculations. 
Man  is  quite  susceptible  to  glanders  infection,  and  the  disease  is 

most  frequent  in  those  who  come  much  into  direct  contact  with  horses. 
The  seat  of  primary  local  infection  is  most  often  the  skin,  more  rarely 
the  mucous  membranes  about  the  nose  and  mouth. 

The  local  lesions  are  similar  in  man  and  the  lower  animals.  In  the 

presence  of  the  Bacillus  mallei  there  is  usually  a  circumscribed  or  more 

rarely  a  diffuse  infiltration  of  the  tissue  with  leucocytes  and  young  con- 
nective-tissue cells.  These  whitish  foci  of  cell  accumulation  may  be 

small  and  to  the  naked  eye  resemble  miliary  tubercles,  or  they  may  be 
larger  and  nodular.  The  tissues  about  them  may  be  infiltrated  with 
blood.  But  the  accumulated  cells  are  apt,  in  the  presence  of  the  bacilli, 
to  become  necrotic  and  disintegrate  and  thus  lead  to  smaller  and  larger 
abscesses,  or,  if  near  the  surfaces,  to  ulcers.  If  they  occur  on  mucous 
membranes  these  lesions  are  often  accompanied  by  intense  diffuse 
catarrhal  inflammation. 

As  the  glanders  nodules  soften,  the  bacilli  are  apt  to  diminish  in 
number  or  in  the  capacity  to  stain,  so  that  it  may  be  possible  to  detect 
their  presence  only  by  inoculation  or  culture  methods. 

The  disease  may  begin  at  a  single  point,  so  that  it  may  be  mistaken 
for  a  carbuncle  or  gangrenous  erysipelas.  But  the  infection  is  apt  not 

to  remain  local;  the  bacilli,  finding  their  way  along  the  lymph-channels 
into  various  parts  of  the  body,  set  up  fresh  foci  of  inflammation  and 
necrosis.  Then  the  skin  may  be  covered  with  a  pustular  eruption; 
furuncles,  carbuncles,  and  abscesses  may  form  beneath  the  skin  and  in 
the  muscles.     Nodules  are  found  in  the  nasal  mucous  membrane,  the 

»  Watsaermann,  Deut.  Med.  Woch.,  xxxx.,  1287,  1907;  Flexner oxid  J ohling^  Jour.  Exp.  Med.,  x.,  141, 
1908. 

*  Flexner,  Jour.  Am.  Med.  Assn.,  liii.,  1443,  1909. 
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lungs,  kidneys,  testes,  spleen,  and  liver.  The  joints  may  be  inflamed, 
and  there  may  be  osteomyelitis.  Leucoc3rtosis  may  accompany  infection 
with  the  B.  mallei. 

The  glanders  infection  may,  however,  pursue  a  more  chronic  course, 

with  hard,  persistent  nodules  and  sluggish  ulcers.  Under  these  condi- 
tions the  detection  of  the  bacillus  in  the  tissue  by  a  simple  morphological 

examination  may  be  difficult. 
While  some  forms  of  glanders  nodules  somewhat  resemble  in  gross 

and  microscopic  appearance  certain  forms  of  miliary  tubercles,  the 
absence  in  the  former  of  coagulation  necrosis  and  of  giant  cells,  and 
the  tendency  to  rapid  disintegration  and  softening  in  the  latter,  will 
usuallv  suffice  for  the  distinction  between  the  two  sets  of  lesions.  But 
the  demonstration  of  the  bacilli  characteristic  of  each  is  in  all  cases 
decisive. 

Characters  of  the  Bacillus  mallei. — The  Bacillus  mallei  is  a  slender  bacillus  pro- 
portionately thicker  than  the  tubercle  bacillus,  with  rounded  ends,  occurrinj^  sinj^ly 

or  in  pairs  (Fig.  130>.     It  stains  easily  with  the  anilin  dyes,  but  readily  gives  up  the 
color  in  presence  of  even  feeble  decolorizing  agents  such  as 

dilute  alcohol  or  acids.     It  is  left  decolorized  by  Gram's  method.  ^j^    ̂  
It  is  non-motile,  does  not  form  spores,  and  frequently  shows         #^a  y\  ̂ ^ 

vacuoles  and  various  involution  forms.  i^ltf  t^ M 
In  the   tissues   the  bacilli  may  be  stained   with   L6ffler's  j^^t^ 

alkaline  methylene  blue.  I^f^^^ 
The  glanders  bacillus  grows  readily  on  almost  all  of  the 

ordinary  artificial  culture  media,  and  best  at  blood  heat.     The       ̂ ^"-  ̂ ^^-  Bacillus 
growths  on  solid  media  are  apt  to  be  viscid.     On  potatoes  it  *  a  le  . 
forms  in  two  or  three  days  an  abundant  yellowish  pellicle  which 
in  a  few  days  darkens  and  finally  becomes  brown  in  color.  It  gradually  loses  its 
virulence  in  successive  generations  of  artificial  cultures.  The  germ  is  easily  killed  by 
moist  heat,  by  sunlight,  drying,  and  the  several  germicidal  chemicals.* 

Field  mice  and  guinea-pigs  are  very  susceptible  to  infection  with  the  Bacillus 
mallei,  and  develop  highly  characteristic  local  and  general  lesions. 

Toxic  Products  and  Xmmuiiity. — The  toxic  product  of  B.  mallei  is  chiefly  stored  in 
the  body  of  the  organism  as  an  endotoxin.  On  extraction  by  methods  similar  to  those 
^isedin  the  preparation  of  tuberculin,  (p.  261),  the  product  called  mallein  has  been 
found  usefid  as  a  means  of  diagnosis  in  glanders,  affected  animals  showing  local  re- 

actions and  a  sharp  rise  of  temperature,  and  marks  of  toxsemia. 
Immunity  is  not  apparently  secured  by  glanders  infection  and  while  antibodies — 

agglutinins — are  formed,  effective  curative  sera  have  not  been  prepared. 
Diagnosis. — In  cases  in  which  an  early  diagnosis  is  imperative  it  is  well,  in 

addition  to  the  morphological  examination  and  cultures  of  the  suspected  exudate,  to 
inject  a  small  amount  into  the  peritoneal  cavity  of  a  male  guinea-pig.  If  the  virulent 
glanders  bacilli  be  present,  within  two  or  three  days  the  testicles  will  swell  and 
develop  an  intense  suppurative  inflammation. 

Other  Bacilli  Related  to  Bacillus  Mallei. 

Several  bacilli,  apparently  related  to  the  B.  mallei,  have  been  found  in  various 
l^ions  in  men  and  lower  animals.  Thus  an  organism  called  Bacillus  pseiidotuberculo- 
•wbas  been  found  in  certain  nodular  lesions  somewhat  resembling  tubercles  which  are 
especially  frequent  in  rodents.  B.  pseudotuberculosis  liquefaciens  has  been  described 
in  a  series  of  cheesy  nodules  of  the  peritoneum,  pancreas,  and  liver  in  man.  In  this 
Sroup  also  belong  organisms  which  have  been  found  in  noma. 

'For  a  ritumi  of  characters  of  the  glandeni  bacillus  see  Wladimiroff  in  Kolle  and  Wa»»prmann*s 
Handbuch  der  Mikroorganismen,"   Bd.  ii.,  p.  706. 
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Chancroid  (Soft  Chancre). 

Soft  chancre  or  chancroid  is  an  acute  inflammatory  lesion  usually  of  the  genital 
regions,  at  tirst  pustular  then  ulcerative.  The  infective  af^ent  is  communicated  by 

contact.  Neighboring  lymph-nodea  are  apt  to  suffer  an  acute  hyperplasia  passing  into 
abscess. 

tn  the  lesion  of  soft  chancre  and  the  discharge  from  it  a  small  oval  bacillus  ("Du- 
crey's  bacillus")  has  been  frequently  found  either  clustered  or  in  chains.  It  stains 
readily  with  methylene  blue,  although  it  easily  loses  the  color.  It  usually  occurs 

with  other  micro-organisms,  and  has  been  found,  though  not  commonly,  in  the  buboes. 
It  has  been  obtained  in  pure  culture,  in  rabbit-blood  agar  and  in  human  blood,  and 

inoculation  experiments  in  man  and  in  monkeys  indicate  its  pathogenicity.' 

AITTHRAX.     (Splenic  Fever;  Halignanl  Pustule;  Charbon;  Carbuncle.) 

This  disease,  which  is  much  more  common  in  the  lower  animals, 

especially  the  herbivora,  than  in  man,  is  widely  prevalent  in  Europe. 

It  is  comparatively  rare  in  the  United  States,  but  in  certain  regions  is 

more  common  than  formerly. 

It  is  induced  in  man  by  accidental  inoculation  with  the  Bacillus 

anthracis,  which  also  incites  the  disease  in  the  lower  animals.  Inocu- 

lation may  occur  through  the  skin  by  the  agency  of  flies  and  other 

insects  which  have  been  feeding  on  animals  infected  with  this  disease, 

through  abrasions  or  slight  wounds  on  the  hands  of  those  handling 

their  carcasses  or  hides,  or  in  other  ways.  Following  this  skin  inocula- 

tion a  pustule  is  apt  to  develop— "malignant  pustule" — and  varying 
phases  of  an  acute  exudative  inflammation,  which  may  be  hipmorrhagic, 

sero-fibrinous,  purulent,  or  necrotic,  accompany  the  local  proliferation 

of  the  germs  (Fig.  131).  Anthrax  bacilli  in  large  numbers  may  be  pres- 
ent in  the  local  lesion.  From  this  local  source  a  general  infection  may 

ensue.     General  infection  may  occur  without  evident  external  lesion. 

Infection  with  anthra.x  may  occur  through  the  lungs,  most  often 

among  those  who  handle  infected  wool  or  hides,  the  dust  from  which  is 

inhaled  ("wool-sorter's  disease").     Under  these  conditions  there  may 
I  Sw  Dacii.  JouranI  of  Medical  Rwparch,  vol.  Li.,  1W)3,  p.  401,  bi>il. 
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be  CBdema.  lobular  pneumonia  with  involvement  of  the  pleura,  medias- 
tinum, and  other  adjacent  Btructures,  Infection  throunh  the  gastro- 

intcwtinal  canal  takes  place  by  the  ingestion  of  food  containing  anthrax 
spores,  and  is  apt  to  be  accompanied  with  inliammatory  and  necrotic 
changes,  which  are  described  in  detail  among  lesions  of  the  intestine. 
This  is  a  common  mode  of  infection  in  animals. 

When  general  anthrax  infection  occurs  the  post-mortem  appearances 
vary.  Decomposition,  as  in  other  acute  infections,  generally  sets  in 
early.  The  blood  is  frequently  not  much  coagulated  and  dark  in  color. 
Hemorrhages  and  ecchymoses  are  frequently  found  in  the  serous  and 
mucous  membranes  and  in  various  other  parts  of  the  l)ody. 

The  lungs  may  show  small  hsemorrhages  and  cedema,  and  the  bron- 
chi may  be  deeply  congested.  The  pleural  cavities  may  contain  serum. 

The  intestines  may  exhibit  the  lesions  of  the  so-called  intestinal  mycoais. 
The  bronchial  and  other  lymph-nodes  may  be  swollen.  The  spleen  may 
be  swollen,  very  dark  in  color,  and  soft,  sometimes  almost  diffluent. 

The  bacillus  may  be  found,  usually  in  large  numbers,  in  the  spleen 
and  in  the  capillary  blood-vessels,  especially  in  the  liver  (wee  Fig.  132), 
lungs,  kidneys,  and  intestine.' 

Characters  of  the  Bacillus  Anthracis. 

The  Bacillus  anthracis  ia  from  5  to  30  /i  long  and  about  1  to  3  ̂i  broad,  and  is  often 
uneven  along  the  aides.  The  enda  of  the  bacilli  arc  ar|Uare  or  slightly  concave,  and 
wie  bacilli  often  hang  together  end  to  end,  forming  tliread-like  slnictiircs  (Fig,  V.VA). 
"bile  the  bacilli  in  the  vegetative  condition  are  easily  killcil,  tlicy  develop  spores 
outaide  the  body  only,  and  these  are  very  invulnerable  to  tbc  ordinary  germicidal 

bibliiwraphy  aj 
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agents  and  to  heat,  resisting  often  for  many  days  the  action  of  from  2-  to  5-per-cent. 
carbolic  acid  and  defying  for  some  minutes  the  action  of  live  steam.  Anthrax  bacilli 
are  immobile,  sometimes  capsulated,  and  are  easily  stained  by  the  anilin  dyes.  They 
grow  readily  on  artificial  culture  media  at  ordinary  room  temperatures,  fluidifying 

gelatin. 
Subcutaneous  inoculation  of  cultures  of  the  anthrax  bacillus  into  various  species  of 

animals  induces  characteristic  lesions.  White  mice  and  guinea-pigs  are  especially 
susceptible,  usually  succumbing  to  the  anthrax  8eptica?mia  in  from  two  to  four  days. 

Serous  exudations,  often  bloody  and  vnih  many  bacilli,  develop  at  the  seat  of  inocula- 
tion, while  in  the  blood  multitudes  of  the  bacilli  are  found. 

Immunization. — If  cultures  of  the  anthrax  bacillus  be  made  at  a  temperature  of 

about  42°  C,  growth  occurs,  but  it  is  meagre.     Spores  are  not  formed  as  they  are  at 
body  temperature,  and  the  virulence  of  the  germ  dimin- 

ishes day  by  day,  so  that  at  last  the  most  susceptible 
animals  are  not  affected  by  large  inoculations  of  the 
living  organisms.  If  fresh  cultures  of  these  organisms 
be  made  in  various  stages  of  their  diminishing  virulence 
and  maintained  at  their  optimum  temperature,  spores 

will  again  form,  the  j\?rowth  will  become  vigorous,  and 

in  morphology  quite  characteristic ;  but  the  physiolog- 
ical qualities  which  determine  virulence  will  remain 

Fio.  133.— Bacillus  Anthracis     more  or  less  in  abeyance. 
Containing  Spores.  By  inoculation  of  animals  with  anthrax  cultures. 

From  a  culture.  first  with  those  which  had  been  kept  at  42°  C.  for  from 
fifteen  to  twenty  days,  and  thus  had  but  feeble  virulence, 

and  passing  to  those  cultivated  at  42°  C.  for  a  shorter  time  and  which  were  thus  more 
virulent,  Pasteur  secured  immunity  from  anthrax  in  a  series  of  the  lower  animals  (see 
p.  162).  Based  upon  these  experiments  a  method  of  protective  inoculation  has  been 
practised  on  a  large  scale  among  sheep  and  other  animals  in  some  parts  of  Europe 
which  has  been  of  great  economic  value.  The  death  rate  from  anthrax  has  by  these 

methods  been  reduced  in  sheep  from  10  per  cent,  to  about  nine-tenths  of  1  per  cent., 

and  in  cattle  from  5  per  cent,  to  less  than  four-tenths  of  1  per  cent.' 
Little  is  known  of  soluble  toxins  or  endotoxins  of  the  anthrax  bacillis. 

ACTINOMYCOSIS. 

This  disease,  which  is  of  occasional  occurrence  in  man,  but  is  more 
common  in  the  domestic  animals,  especially  in  cattle  and  in  horses,  is 
most  frequently  characterized  by  a  slow  suppurative  and  proliferative 
process,  often  leading  to  the  formation  of  large  fungous  masses  which 
may  become  calcareous. 

In  cattle,  the  new-formed  tissue,  which  develops  with  especial  fre- 
quency in  the  jaw,  is  apt  to  extend  beyond  the  original  site  and  to  slough, 

so  that  not  only  may  the  tissues  of  the  tongue,  pharynx,  larynx,  etc., 
be  involved,  but  secondary  nodules  of  similar  character  may  form  in  the 

lungs,  gastro-intestinal  tract,  and  skin. 
In  man,  suppuration  with  necrosis  and  the  formation  of  abscesses, 

ulcers,  and  fistulap,  are  the  most  marked  lesions  in  parts  near  the  surface 
of  the  body.  In  the  lungs  the  lesions  may  be  essentially  those  of  an 
acute  general  bronchitis  or  in  the  form  of  broncho-pneumonia  (Fig.  134), 
with  the  formation  of  new  tissue.' 

*  For  a  study  of  opsonic  substances  in  dog  serum  favoring  phagocytosis  of  anthrax  bacilli  see 
Hekioen,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  102,  1906. 

*  For  a  detailed  dracripton  of  the  lung  lesions  in  actinomycosis,  with  general  bibliography,  see 

Hodenpyl,  "Actinomycosis  of  the  Lung,"  New  York  Medical  Record,  Dec.  13th,  1890. 
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Abscesses  and  cavities  may  form  which  extend  into  adjacent  parts. 
In  intestinal  actinomycosis  nodular  masses  of  new  tissue  with  ulceration 
may  develop  in  the  mucosa  and  submucosa.  Metastases  have  been 
described.  The  excitant  of  this  disease — now  most  commonly  called 
Actinomyces  bovis — is  a  micro-organism  which  seems  to  be  more  closely 
related  to  the  moulds  than  to  the  bacteria.  It  is,  however,  consi<lered 
here  because  its  botanical  position  is  not  yet  clearly  established,  and  it 

is  stili  commonly  regarded  as  one  of  the  so-called  pleomorphouB  or 
"higher  bacteria"  (see  p,  135). 

(The  bulbed  tnda  of  Ihe  lilnnieiits  are  eeen  Id  Ihe  hordeis  of  the  colony.     The  binnFlius.  cul  lengthwise, 

The  organism  often  grows  in  the  tissues  in  the  form  of  little  rounded 

masses  from  a  size  so  small  as  to  be  invisible  to  that  of  a  pin's  head. 
They  may  be  transparent  or  grayish  white  or  yellow  or  dark  in  color. 
Under  the  microscope  those  masses  often  appear  in  the  form  of  a  dense 
group  of  radiating  filaments  with  more  or  less  bulbous  ends;  hence  the 

common  name  "ray  fungus." 

Characters  of  Actinomyces. 

The  organLstn  when  freed  from  other  baeteriu  is  readily  cultivated  at  37°  C.  It 
prows  in  delicate  branching  threads  which  sliow  isegments  resemhling  bacilli  and  cocci 

besides  bulbous  or  club-shaped  forms,  probably  "involution  forms".  Successful inoculations  of  cultures  have  been  made  in  animals. 
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The  organism  is  usually  conveyed  from  one  animal  to  another  by  inoculation  or  by 

contact  of  the  growth  with  a  wound  or  an  abrasion  of  the  mucous  membrane.^ 
In  the  examination  of  sputum,  fjeces,  pus,  etc.,  for  the  presence  of  actinomyces 

the  naked-eye  appearances  may  be  of  value,  since  the  yellowish  white  granules  are 
often  quite  visible,  especially  on  a  black  background.  Suspicious  masses  may  be 

teased  and  studied  unstained,  or  stained  by  Gram's  method.  Sections  of  tissue  may 
be  hardened  in  alcohol,  and  sections  stained  by  Gram's  method  with  contrast  eosin stain. 

Other  Organisms  Resembling  Actinomyces. 

Many  forms  of  micro-organisms  of  similar  general  characters  to  actinomyces  have 
been  described,  some  occurring  in  connection  with  infective  processes  in  man  and  the 
lower  animals  of  which  they  seem  to  be  the  excitants,  others  living  as  saprophytes  in 
various  situations.  Among  the  apparently  pathogenic  forms  we  may  mention  the 
following : 

An  organism  somewhat  resembling  actinomyces  and  found  in  connection  with  a 

disease  commonly  called  mycetoma  or  **  Madura  foot,"  frequent  in  the  tropics  and 
characterized  by  new  nodular  growths  associated  with  suppuration  and  necrosis 

most  often  affecting  the  foot.' 
Another  form  has  been  described  in  conne<;tion  with  a  peculiar  form  of  erysipela- 

tous inflammation  of  the  skin;  another  in  the  so-called  farcin  de  hoeuf^  a  disease  of 
cattle  in  Guadeloupe;  this  has  been  called  Streptothrix  and  now  Nocardia. 

Several  times  organisms  of  this  general  character,  but  differing  considerably  from 
actinomyces,  have  been  found  in  inflammatory  and  necrotic  lesions  of  the  lungs. 
Whether  these  are  variants  of  that  species  or  independent  species,  and  how  many  such 

there  are  it  is  impossible  at  present  to  say.'  Many  attempts  have  been  made  to 
classify  these  organisms  but  knowledge  of  them  is  still  too  incomplete  to  permit 
accurate  distinctions. 

Pharyngo -Mycosis  Leptothrica. 
Certain  filamentous  micro-organisms  called  LeptothriXj  whose  botanical  affiliations 

are  not  yet  clear,  are  of  common  occurrence  in  the  mouths  of  healthy  persons.  Occa- 

sionally, however,  a  persistently  recurrent  attack  of  **sore  throat, "  with  local  tender- 
ness and  sometimes  cough  and  fever,  is  associated  with  the  growth  of  masses  of  lepto- 

thrix  in  the  crypts  of  the  tonsils,  at  the  base  of  the  tongue,  on  the  walls  of  the  pharynx, 
or  in  the  nose  or  superior  portion  of  the  oesophagus.  The  leptothrix  masses  or  colonies 
form  thick  whitish  pellicles  or  patches  which  may  be  superficial,  or  in  tonsils  may 
extend  deep  into  the  crypts.  These  masses  are  usually  firmly  adherent,  often  leave 
bleeding  surfaces  when  removed,  and  the  growth  is  apt  persistently  to  recur. 

Microscopic  examination  of  removed  portions  of  the  growth  show  tufts  and  bun- 
dles of  the  thread-like  micro-organisms,  growing  among  or  directly  out  from  flat  epi- 

thelial cell  masses  and  mingled  with  various  other  forms  of  micro-organisms,  mostly 
cocci  and  short  bacilli.  There  may  be  overgrowth  of  epithelium  and  collections  of 
leucocytes  in  and  about  the  leptothrix  masses.  In  sections  of  the  tissue  or  in  teased 

fragments  treated  with  iodine  (Lugol's  solution)  the  leptothrix  threads  are  readily 
differentiated  from  the  tissue  elements  and  from  other  micro-organisms,  by  their 
dark  color.* 

*  For  a  study  of  the  biology  of  actinomyces  with  bibl.  see  Wright,  Jour.  Med.  Res.,  voL  viii.,  p.  349, 
1905. 

*  Consult  Wright,  Joum.  Exp.  Med.,  vol.  iii.,  p.  421,  1898,  bibl.;  also  in  Jour.  Med.  Res.,  viiL,349, 
1905  and  Osier' a,  "Modem  Medicine,  I.,  327,  1907. 

'For  a  description  of  two  such  cases,  with  a  selected  bibliography,  see  Norris  and  Larkin,  Joum. 
Exp.  Med.,  vol.  v.,  p.  155,  1900;  also  case  by  Txdtle,  Med.  and  Surg-  Rep.,  Presby.  Hosp.,  N.  Y.,  vol. 

vi.,  p.  147,  1904.  ^ 
For  a  critical  summary  of  this  group  of  organisms,  with  a  full  bibliography,  see  monograph  by 

Lachner-Sandoval,  '*  Ueber  Strahlenpilze,"  Strasburg,  1898;  see  also  Petruschky,  Kolle  and  Wassermann's 
"Handbuch  der  Mikroorganismen,"  Bd.  ii.,  p.  832. 

For  a  fuU  treatment  and  bibliography  consult  the  monograph  on  "  Aktinomykose"  by  Schle^el 
in  Kolle  and  Wassermann's  "Handbuch  der  Mikroorganismen,"  Bd.  ii.,  p.  861;  see  also  Musser,  Pearce, 
and  Gwyn,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  208,  1901. 

*  For  further  details  and  bibliography  consult  Campbell,  Medical  News,  Apr.  4th,  1896;  also  Pearce, 
Bull.  Univ.  Penn.,  vol.  xiv.,  1901,  p.  217. 
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INFLUENZA.     Epidemic  Catarrhal  Fever;  La  Grippe. 

This  is  an  infectious  disease  characterized  by  fever,  physical  and 
mental  prostration,  and  exudative  inflammations  in  different  parts  of 
the  body.  Thus  there  may  be  exudative  inflammation  in  the  respiratory, 
digestive,  and  nervous  systems,  either  singly  or  together.  Sometimes, 
however,  these  local  inflammations  may  be  absent,  when  the  disease  may 
be  marked  by  the  characteristic  prostration  and  symptoms  of  toxaemia. 
None  of  the  lesions  appear  to  be  characteristic.  The  lesion  of  the 

lungs  is  usually  of  the  broncho-pneumonic  type  and  is  apt  to  involve  the 
interstitial  tissue.  The  cut  surface  is  smooth,  the  exudate  is  soft  and 

contains  relatively  little  fibrin.  The  lung  resembles  that  of  "purulent 
infiltration." 

The  numerous  bacterial  studies  which  up  to  1892  had  been  made  on 

epidemic  influenza  had  failed  to  reveal  any  micro-organism  which  could 
fairly  be  regarded  as  of  etiological  significance,  although  some  of  the 
complicating  inflammations  of  the  lungs  had  been  shown  to  be  very 

frequently  associated  with  the  pyogenic  cocci — Staphylococcus  pyogenes 
and  Streptococcus  pyogenes  and  the  Diplococcus  pneumoniae. 

Early  in  1892,  Pfeiffer,  Kitasato,  and  Canon  described  the  occurrence 
in  the  bronchial  exudate  and  in  the  blood  of  influenza  patients  of  a  very 
small  bacillus,  hitherto  unknown  or  possibly  noted  earlier  by  Babes. 

This  bacillus — B.  injluenzce — was  sometimes  present  in  the  bronchial 
exudate  in  enormous  numbers,  and  often  with  little  or  no  contamina- 

tion with  other  germs.  It  was  found  at  the  seat  of  other  local  lesions, 
and  the  pus  cells  often  contained  many  bacilli.  It  has  been  found  to 

persist  in  the  body  long  after  the  active  processes  have  ceased.* 

Characters  of  the  Influenza  Bacillus. 

The  influenza  bacillus  is  very  small — about  0.5  //  long  by  0.2  by  0.3  //  in  width — 
with  rounded  ends,  non-motile  and  does  not  form  spores.  It  stains  with  some 
diflBculty  with  simple  anilin  dyes;  but  by  Ziehl's  solution  (p.  258),  or  by  warmed 
Loffler's  methylene  blue  (p.  145),  it  is  readily  colored.  It  does  not  retain  the  stain 
well  by  Gram's  method.  The  organism  apparently  dies  after  a  few  hours'  drying  in 
the  air  and  soon  in  water  and  is  readily  killed  by  heat  or  cold  or  chemical  germicides. 

This  bacillus  grows  best  at  body  temperature,  on  glycerin-agar  whose  surface  has 
been  smeared  with  blood — human,  rabbit,  or  pigeon.  It  forms  very  small,  scarcely 
visible,  dewdrop-like  colonies,  which,  although  growing  close  together,  do  not  tend  to 
coalesce,  as  many  micro-organisms  do.  It  has  been  cultivated  through  several  gene- 

rations, but  usually  dies  soon. 
Animal  inoculations  have  given  diverse  and  not  very  marked  results,  most  of  the 

lower  animals  being  apparently  quite  insusceptible  except  to  very  large  doses  of 
cultures  which  may  have  a  toxic  action  upon  them.  In  monkeys,  however,  influenza- 

like symptoms  have  been  induced  by  application  of  cultures  to  the  nasal  mucosa. 

The  evidence  that  the  organism  described  above  is  the  excitant  of 
epidemic  influenza  rests  largely  upon  its  apparently  constant  presence, 
especially  in  the  exudates  of  the  nasal  and  bronchial  mucous  membranes, 

*  For  a  full  ri»um4  of  the  characters  of  the  influenza  bacillus  and  it«  relation  to  various  forms  of  the 
disease,  with  bibliography,  see  the  articles  by  Beck  in  KoUe  and  Wasscrmann's  "Handbuch  der  Mikro- 
organismen,"  Bd.  ii.,  p.  359. 
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where  it  may  be  present  in  enormous  numbers  and  almost  free  from 
admixture  with  other  germs. 

Cases  of  sporadic  influenza  are  of  frequent  occurrence,  especially  in 
towns.  These  are  often  mixed  infections,  the  influenza  bacillus  being 
associated  with  pneumococcus,  streptococcus,  etc. 

That  the  organism  should  have  been  occasionally  found  under  other 

conditions,^  as  in  chronic  pulmonary  tuberculosis,  does  not  at  all  militate 
against  its  significance  in  inciting  the  manifestations  of  influenza,  since 
many  parallel  instances  are  known  in  other  infectious  diseases.  The 
frequent  discrepancy  between  the  clinical  and  bacterial  diagnosis  in 

influenza  is  largely  due  to  its  varying  and  often  obscure  clinical  manifes- 
tations which  render  possible  and  convenient  the  use  of  the  name  for 

many  phases  of  catarrhal  and  other  forms  of  inflammation. 
Immunity  in  any  marked  degree  does  not  appear  to  be  conferred  by 

influenza. 

Source. — Material  containing  the  influenza  bacillus  is  readily  and 
doubtless  frequently  conveyed  from  the  victims  of  influenza  or  from 
those  harboring  the  organism  to  the  well  in  droplets  and  spray  dispersed 
through  the  air  by  unguarded  coughing  and  sneezing,  as  well  as  by 
direct  personal  contact  and  the  use  of  contaminated  utensils  for  food 
and  drink. 

Other  Organisms  of  the  Influenza  Bacillus  Group. 

There  are  several  organisms  in  the  influenza  bacillus  group  which  considerably 
resemble  it,  some  of  which  appear  to  be  pathogenic,  others  not  so.  Thus  several 
observers  have  found  in  exudates  from  various  sources,  but  especially  in  the  respira- 

tory passages,  small  immobile  asporogenous  bacilli  growing  best  under  conditions 
similar  to  those  favorable  to  the  influenza  germ,  the  colonies  being  similar.  They  are 
somewhat  larger  than  the  influenza  bacillus,  and  tend  to  form  threads.  This  organism 

has  been  called  the  pseudo-influenza  bacillus — B.  pseudo-influenza.  Its  pathogenic 
capacities  are  not  clear,  but  it  evidently  differs  in  this  respect  from  the  genuine  influ- 

enza bacillus.  In  stained  specimens  of  exudate  the  pseudo-bacillus  may  be  mistaken 
for  its  relative.  It  seems  probable  that  there  may  be  several  forms  of  organisms  not 
distinguishable  at  present  from  each  other  and  from  the  influenza  bacillus,  which 
have  been  grouped  under  the  name  B.  pseudo-influenzse,  so  that  the  use  of  the  name 
is  of  doubtful  value. ^ 

Another  bacillus  of  this  group,  B.  conjunctivitidis — Koch- Weeks  bacillus — has 
been  found  in  conjunctival  catarrh  by  several  observers  in  various  countries  and  is 
doubtless  the  inciting  factor  in  a  readily  communicable  form  of  conjunctival  inflam- 

mation. This  bacillus,  resembling  the  influenza  bacillus,  is  somewhat  longer  and 
grows  on  blood-free  media.  It  may  be  differentiated  by  cultural  characters.  Animal 
inoculations  have  been  negative. 

TYPHOID  FEVER. 

Typhoid  fever  is  an  acute  infectious  disease  incited  by  the  Bacillus 

typhosus.  The  reaction  of  the  body  to  this  bacillus  is  usually  mani- 
fested by  characteristic  lesions,  especially  by  hyperplasia  and  necrosis 

^  See  Park,  "Pathogenic  Bacteria  and  Protozoa,"  Second  ed.,  1905,  p.  324;  see  abo  for  studies  of 
this  organism  fjord,  Bost.  Med.  and  Surg.  Jour,  vol.  clii..  pp.  5,37  and  574,  1905,  alao  Auerbach,  Zeits. 
f.  Hygiene  u.  Infkr..  Bd.  xlvii.,  p.  259,  1904;  aho  Davis,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  1,  1906. 

For  a  study  of  the  influenza  bacillus  in  inflammations  of  the  respiratory  tract  in  infants  see  WoU- 
atein.  Jour.  Exp.  Med.,  vol.  viii.,  p.  681,  1906. 

*  See  ref.  WoUatein  above. 
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in  the  lymphatic  structures  of  the  intcstinoa  and  the  mesenteric  lymph- 
nodes,  and  in  the  spleen,  as  well  as  by  the  more  general  alterations 
incident  to  toxtemia  and  septicsemia;  but  the  infection  is  occasionally 

of  the  septicfpniic  type  without  characteristic  local  lesions  in  the  intes- 
tines, or  mesenteric  nodes,  or  other  viscera. 

The  Bacillus  of  Typhoid  Fever. 

The  presence  of  a  bacillus,  called  Bacillus  typhosus,  in  various  parts 
of  the  body  in  typhoid  fever,  in  a  considerable  proportion  of  the  cases 
examined,  has  been  well  established.  This  bacillus  does  not  occur  in 
the  body,  so  far  as  is  known,  except  in  connection  with  this  disease. 

Characters  of  the  Bacillus  TnihoBus. 

The  typhoid  bacillus  is  uBUally  Rhiiul  three  times 
third  as  long  an  Ihe  diameter  of  a  red  lilood  cell.  I 
aerobic,  facultative  anaerobic,  and  asporogenous. 

It  grows  readily  at  room  temperature  on  the  ordi- 
nary media.  In  cultures  the  bacilli  often  clinfc 

together  end  to  end,  forming  threads  (I'ig.  135). 
It  is  readily  killed  by  heat,  is  Fairly  re^iatant  to 
chemical  germicides,  and  remains  alive  Cor  some 

The  inoculation  of  lower  animals  with  the 

typhoid  bacillus  may  result  in  various  lesionx,  and 
prove  fatal,  but  typical  typhoid  tever  is  not 

induced.'  „,^    ,,,     „  „,,,.    t-„~.,- _...,.,..,,        ,      .  ,,    .  ,.  rio-  irtS.— Ha (11.1.18  TrPHoaVB. The  typhoid  bacillus  m  its  growth  in  cultures 
does    not    seem    to    proiluce    soluble     toxins    of 
marked  potency  in  very  considerable  amount  though  there  is  evidence  that  some 

such  poison  is  formed.'  On  the  other  hand,  there  is  stored  up  in  the  bodies  of  the 
bacilli  a  virulent  endotoxin  which  has  been  largely  used  in  artificial  immunization. 

It  is  probable  that  the  more  characteristic  symptoms  and  lesions  of 
typhoid  fever  are  largely  due  to  the  absorption  of  toxic  substances  which 
are  produced  as  the  result  of  the  life  processes  of  the  bacteria  at  the 
point  of  their  greatest  accumulation  and  activity.  It  should  be  borne 
in  mind  that  the  typhoid  bacillus,  as  is  the  case  with  many  other  bac- 

teria, may  induce  local  changes  by  means  of  its  endotoxins,  which  are 

set  free  as  the  organisms  disintegrate  after  their  death  in  the  body.' 

Pki.mary  Characteristic  Lesion.s. 

We  shall  first  consi<ter  the  lesions  which  are  most  common  an<l  char- 
acteristic of  typhoid  fever. 

The  Intestines. — The  lesions  of  the  intestines  consist  of  an  inflamma- 

tory  enlargement  (hyperplasia)  of  the  solitary  lymph-nodules  and  of 

the  agminated  lymph-nodules  (Feyer's  patches).  Necrosis  of  the  nod- 
ules with  ulceration  fre<|uently  follows  the  hyperplasia. 

leur.  t.  xviii..  p.  701,  1604.  bibl. 
iilrt.  Laariffovl.  and  Alv  Wahbj/. 

to  t]i«  i>atholoKy.  diaicDOBia,  And  hygiene  of  the 

>ludi-ofe« ptrimpi itnl  lypho id 9Pe  Alln.>oB. Anr 

sludy  of  It lO  soluli of Ihp  typhoid 
d.  «p,.  ., nvi.,  |). 397,  1904 
iludy  of  Ih. 

,.  lypho id  harillun 
Hi«,  Med. MajlUh. 
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The  process  appears  to  begin  with  a  catarrhal  inflammation  of  the 
mucous  membrane,  accompanied  or  immediately  followed  by  changes  in 

the  lymph -nod  id  OS.  The  lesions  in  the  lymph-nodules  begin  early; 
they  have  been  observed  in  pei-sons  who  have  died  forty-seven  hours 
after  the  commencement  of  the  disease.  The  increase  in  size  of  (he 
agminated  and  solitary  nodules  may  be  rapid  or  gradual.  The  no<lule5 
may  be  only  slightly  enlarged,  or  may  project  far  into  the  lumen  of  the 
intestine.  The  enlargement  is  usually  more  marked  in  the  agminated 

than  in  the  solitary  nodules.  Usually  the  whole  of  a  Peyer'a  patch  is 
enlarged,  but  sometimes  only  a  part  of  it.  If  the  enlargement  be 

gradual  the  different  nodules  which  make  up  a  Peyer's  patch  may 
enlarge,  while  the  septa  between  them  remain  but  little  changed,  thus 
giving  the  patch  an  uneven  appearance. 

The  patches  which  are  only  moderately  enlarged  are  of  reddi.sh  or 
reddish  gray  color,  and  soft  and  spongy,  and  their  edges  blend  gradually 
with  the  adjoining  mucous  membrane.  The  patches  which  are  more 
markedly  affected  are  of  grayish  color,  of  firm  consistence,  and  rise 
abruptly  from  the  surrounding  mucous  membrane  (Fig.  136)  or  even 
overhang  it  like  a  mushroom.  The  largest  patches  are  sometimes 
more  than  three-eighths  of  an  inch  thick. 

The  enlargement  and  infiltration  may  spread  from  the  patches  to 
the  surrounding  mucous  membrane,  so  that  the  patches  appear  very 
large;  a  number  of  them  may  become  fused  together,  and  there  may 
even  be  an  annular  infiltration  entirely  around  the  lower  end  of  the 

ileum.  The  infiltration,  limited  at  first  to  Peyer's  patches,  may  extend 
outward  into  the  muscular  coat,  and  appear  in  the  peritoneal  coat  as 
small,  gray,  rounded  nodules.  This  condition  is  usually  found  only 
with  a  few  patches  in  the  lower  end  of  the  ileum;  sometimes  in  the 
ctecum  and  appendix  vermiformis. 

The  solitary  nodules  are  affected  in  the  same  way  as  Peyer's  patches. 
They  may  be  hardly  enlarged  at  all,  or  be  quite  prominent,  or  may  be 
affected  over  a  larger  portion  of  the  intestine  than  are  the  patches. 
Very  rarely  the  solitary  nodules  are  enlarged,  while  the  patches  are  not 
at  all  or  but  slightly  affected. 
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The  inflammation  and  enlargement  of  the  agminated  and  solitary 

nodules  may  be  followL'd  by  a  healing  process.  The  character  of  this 
process  varies  according  to  the  intensity  of  the  previous  inflammation. 

If  the  reaction  be  slight  and  the  enlargement  of  the  nodules  moderate, 
the  enlargement  gradually  disappears,  and  they  resume  their  normal 

appearance  (resolution).     In  moderate  enlargements  of  Peyer's  patches 
re.solution  proceeds  first  in  the  nodules,  leaving  the  septa  between  them 
for  a  time  still  swollen  and  prominent.     This  gives  to  the  surface  of  a 
patch   a  reticulated   appearance.     After   a   time,   however,   the  entire 
patch  becomes  flattened  and  uniform.     On  the  other  hand,  the  solitary 
nodules  or  the  separate  nodules  of  a  patch  may  soften,  break  down,  and 
their   contents   be   discharged   with 
some  attendant  hjcmorrhage.     This 
leaves  a  bluish  gray   pigmentation, 
duo   to   altered   haemoglobin,  in  the 
situation  of  each  nodule,  and  this 
may  remain  for  years. 

In  more  severe  types  of  the 
disease  the  enlargement  of  the 

nodules  and  Peyer's  patches  ends  in 

ulceration.     This  takes  place  in  two       fiq.  13-.— htperplabia  opPeybr'sPatch 

ways ;  tL  s^"Zl  smiruiLTar  "^'LdU  «id 
(a)    The    enlarged     nodules    or  '""'« "  port  coaiesred. 

patches    become    necrotic,    soften, 
break  down,  and  discharge  into  the  intestine.  In  this  way  are  formd 

small  ulcei-s  (Fig.  I.'i7).  These  ulcers  increase  in  size  by  the  same 
softening  process,  which  gradually  extends  at  their  edges,  and  in  this 

way  ulcers  of  large  size  may  be  formed.'  The  ulcers  may  extend  out- 
ward to  the  muscularis  or  to  the  peritoneal  coat,  or  they  may  involve 

the  peritoneal  coat  also  and  perforate. 
(6)  In  the  severest  forms  of  the  disease  considerable  portions  of  the 

enlarged  patches  may  slough  and  become  detached,  leaving  large  ulcers 
with  thick,  overhanging  edges  (Fig.  138).  The  slough  may  involve 
only  the  nodules,  or  it  may  involve  also  the  muscular  and  peritoneal 

coats,  and  perforation  may  occur.  These  ulcer.'*  also  may  afterward 
increase  in  size,  and  severjd  of  them  may  be  joine<l  together.  When 
the  ulceration  leads  to  perforation,  peritonitis  and  death  are  the  usual 

result.  In  rare  eases,  however,  the  patient  recovei-s  and  the  perforation 
is  closed  by  adhesions. 

If  the  patient  recover,  the  ulcers  are  covered  by  granulation  tissue, 
their  edges  become  flattened,  the  granulation  tissue  becomes  firmer  and 

denser,  and  this  new  connective  tissue  is  gradually  covered  with  cylin- 
drical epithelium. 

.  The  minute  changes  which  take  place  in  the  development  of  the 
intestinal  lesion  are  as  follows; 

'  Owing  (o  the  frptiuenl  involvement  of  Pej-er's  palrhea,  the  larner  intotinnl  uleirs  in  typhoid 
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At  fii^st  the  blood-vessels  around  the  nodules  are  dilated  and  con- 
gested, while  the  nodules  are  swollen  and  the  epithelium  may  fall  off. 

Then  the  nodules  increase  in  size,  largely  from  a  growth  of  new  tells. 
This  cell  growth  is  essentially  a  hyperplasia  of  normal  elements  of 

Fio.  13S.— Ulc 

the  lymphatic  tissue,  namely,  the  lymph  cells  and  the  endothelium  of 
the  trabeculae  and  sinuses.  There  are  thus  two  main  types  among  the 

new-formed  cells;  first,  small  cells  with  relatively  large  and  deeply  stain- 
ing nuclei;  and  second,  larger  polyhedral  or  rounded  cells  with  more 

or  less  vesicular  nuclei.     The  larger  cells  may  contain  foreign  substances, 

Fig.  139.— Enim)TKb;u*l  Ci 
ThcM  exfoliatwl  sod  newly  form  .       .      .     ._.   ..   .,     

blowl  cclh.  frsKmenU  of  nuclei,  ele.     l^ame  of  them  are  ne^^mt  c  and  are  desenernlmg    A  mitolic  fifun 

such  as  red  blood  cells  or  leucocytes  (Fig.  139).  The  occurrence  of 
mitotic  figures  in  the  endothelial  cells  while  these  are  in  situ,  and  the 
position  and  grouping  of  the  large  cells,  appear  to  prove  their  endothelial 
origin.     The  production  of  new  cells  is  not  confined  to  the  nodules,  bul 
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extends  also  to  the  adjacent  mucous  membrane  and  underlying  tissue. 

In  many  cases  also  little  foci  of  similar  new-formed  cells  arc  found  in 
the  muscular,  subserous,  and  serous  coats. 

In  this  stage  resolution  may  take  place;  then  the  new-formed  tells 
degenerate  and  gradually  disappear.  In  severer  forms  of  the  disease 
necrotic  changes  are  apt  to  supervene,  leading  to  the  larger  and  small 
ulcers  above  described.  The  factors  which  determine  the  death  of  the 

hyperplastic  tissues  are  not  yet  fully  understood.  It  is  believed  by  some 
to  be  directly  due  to  toxic  substances  formed  by  the  typhoid  bacilli 
which  kill  the  tissue  cells;  others  are  inclined  to  attribute  it  to  the  pres- 

sure which  the  new-formed  cells  exert  on  the  nutritive  blood-vessels. 

Fio.  140.— PHAaocrrts  rs  the  PEHintLLici.ua  Sinmeb  or  a  MEgENTBHic  Lyuph-node  ih 
TiFHUID   FeVER. 

The  large  cells  in  the  sinuiiea  contain  red  hlooit  cells  und  bbod  pigment. 

The  conclusions  on  this  point  which  Mallory  draws  from  a  long  and 
interesting  scries  of  studies  would  indicate  that  a  proliferation  of  the 

endothelial  cells  of  the  blood-vessels  may  lead  to  their  occlusion.  This 
observer  describes  the  formation  of  occluding  thrombi  in  the  lymph- 
vessels  and  smaller  veins.  These  arc  composed  of  the  proliferated 
endothelial  cells  which  have  degenerated,  together  with  fibrin  whose 
formation  these  degenerating  cells  induce.  The  accumulation  of  serous 
and  fibrinous  exudate  about  these  thrombi,  and  the  necrosis  of  tissue 
which  may  now  ensue  may  soon  be  followed  by  necrosis  of  the  super- 

ficial epithelium  and  the  development  of  ulcers.  The  accumulation  of 
polymorphonuclear  leucocytes  may,  according  to  Mallory,  now  occur, 
and,  in  cases  which  go  on  to  recovery,  healing  follows  by  the  formation 
in  the  usual  way  of  granulation  tissue  with  the  ultimate  restitution  of 
the  surface  epithelium.  Mallory  lays  great  stress  upon  the  phagocytic 
nature  of  the  new-formed  cells  of  the  veins  and  lymph-vessels  (Fig.  140 
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and  Fig.  141).     For  the  significance  of  this  process  and  other  interesting 

details  we  refer  to  the  original  paper.' 
The  lesions  which  we  have  described  are  found  moat  frequently  and 

are  most  pronounced  in  the  lower  part  of  the  ileum.  They  are  not 
always,  however,  confined  to  this  situation.  Enlarged  and  ulcerated 
nodules  may  be  found  over  the  entire  length  of  the  ileum  and  even  in 
the  jejunum.  They  may  also  extend  downward  and  be  found  in  the 
colon,  even  as  far  down  as  the  rectum.  Similar  changes  may  take 

place  in  the  appendix  vcrmiformis.'  A  few  cases  are  recorded  in  which 
local  nodular  foci  of  new  cell  production,  necrosis,  and  ulceration  are 
limited  to  the  colon.  Clusters  of  typhoid  bacilli  may  be  found  in  these 
nodules.  These  are  usually  irregularly  scattered,  are  not  limited  to  a 

hyperplasia  of  the  lymph-nodules,  and  should  he  distinguished  from 
simple  nodular  hyperplasia  with  ulceration.' 

Fig.  141.— Puaoocttic  akd  Ne<-hiitic  (>,ll«  in  Lymph-vkmei.  near  Pbyeh's  Patch  in  the  Wall oi-  THE  Intestine  in  Tifhoib  Fevek. 

Mesenteric  Lymph-nodes. ^ — The  mesenteric  nodes  undergo  changes 
similar  to  those  in  the  nodules  of  the  intestines,  and  are  usually  affected 
in  a  degree  corresponding  to  the  intensity  of  the  intestinal  lesion. 

The  nodes  are  at  fii"st  congested  and  succulent;  then  there  is  a  pro- 
duction of  lymphoid  cells  and  large  cells  as  in  the  intestinal  nodules, 

and  the  node  becomes  enlarged.  When  the  enlargement  has  reached 
its  full  extent,  congestion  diminishes,  and  the  cells  begin  to  degenerate. 
The  degeneration  may  take  place  slowly,  and  then  the  node  gradually 
returns  to  its  normal  condition;  or  more  rapidly,  and  then  little  foci  of 
necrotic,  purulent  material  are  formed.  If  the  patient  recover  the 
small  foci  are  absorbed,  leaving  a  fibrous  cicatrix;  the  larger  foci  may 

become  dry,  necrotic,  and  enclosed  in  a  fibrous  capsule.  Intense  exu- 
dative inflammation  may  occur  in  the  nodes,  which  may  be  densely 

infiltrated  with  serum,  fibrin,  and  pus. 

The  Spleen. — In  nearly  every  case  of  typhoid  fever  the  spleen  is 
enlarged.  This  enlargement  begins,  as  a  rule,  soon  after  the  commence- 

ment of  the  disease,  increases  rapidly  until  the  third  week,  remains 
stationary  for  a  few  days,  and  then  diminishes.     The  organ  is  congested, 

<  jira»arii.  Jounml  nf  ETpiTimentiil  MeHiriDi!.  vol.  iii.,  p  611,  1H9H. 
!  For  n  study  o[  tbe  distrlbutluD  of  lypboid  ukpn  see  Barr,  Am.  Jour.  Med.  Sci.,  \-ol  txnvti..  p. 787.  IWH. 
i.Spc  iVhippIr,  Jahai  Hnpkin^  H<Mp.  Bull.,  vol.  xviL.  p.  2HI.  1006. 
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of  dark  red  color,  and  of  firm  consis tenet-  while  it  is  intreasing  in  size. 
After  it  has  reached  its  maximum  size,  its  consiMtcnce  becomes  soft,  and 

there  is  a  considerable  deposit  of  brown  pigment.  The  enlargement 
appears  to  be  due  to  congestion  and  hyperplasia. 

Mallory  describes  proliferation  of  endothelial  cells,  especially  in  the 

blcfod-vessels  and  pulp  spaces,  and  the  formation  of  venous  thrombi. 
In  rare  cases  the  softened  spleen  ruptures,  with  an  extravasation  of 

blood  into  the  peritoneal  cavity.  There  may  he  infarctions  of  the 

spleen,  which  sometimes  soften  and  may  apparently  lead  to  peritonitis. 

The  Liver. — The  liver  may  present  no  apparent  lesion.     It  is,  how- 
ever, frequently  large,  pale  and  flabby,  and  in  this  condition  the  liver 

cells  may  be  the  seat  of  simple  albu- 
minous degeneration. 

Less  frequently  there  are  present 
in  the  liver  very  small,  soft,  grayish 
niHiules  (Fig.  142).  These  focal 
lesions  are  sometimes  too  small  to  be 

distinguished  by  the  naked  eye. 
They  may  be  situated  about  the 
branches  of  the  portal  vein  or  within 
the  lobule.  Some  of  these  nodules 
consist  of  mas.ses  of  small  spheroidal 

cells,  which  may  form  a  diffuse  in- 
filtration along  the  small  veins.  Fio,  i«,— fucal  area  nr  ENuoTHct-iAL- 

Mallor)'  distinguishes  two  distinct  TrPBoio^FevEB.*^""*  '"  ""^  '"""  '" varieties  of  these  focal  lesions:  one 

formed  in  the  lymph  spaces  and  vessels  in  the  capsule  of  Glisson  by 
a  proliferation  of  the  endothelium  (Fig.  143) ;  the  other  due  to  obstruc- 

tion of  liver  capillaries,  in  part  by  the  proliferation  of  endothelium 
on  the  spot,  in  part  by  emboli  of  endothelial-cell  origin,  which  are 
derived  through  the  portal  circulation  from  the  vessels  of  the  spleen 
and  intestine.  Necrotic  changes  may  develop  in  and  about  these  focal 
cell  accumulations. 

Simple  focal  necroses  of  the  liver  and  of  other  viscera,  due  to  the 
action  of  toxic  substances  in  the  body  fluids,  may  occur  in  typhoid  fever 
as  in  many  other  infectious  diseases.' 

While  small  foci  of  cell  proliferation  may  be  present  in  the  hidneijs 
as  well  as  in  other  viscera,  their  occurrence  is  neither  so  frequent  nor  so 
characteristic  as  in  the  liver. 

In  typhoid  fever  as  in  other  infectious  diseases  toxa-mia  may  be  mani- 
fested by  disturbances  in  the  circulatory,  respiratory,  and  heat-rcgu- 

latinj;  mechanism,  and  in  general  metabolism,  as  well  as  by  manifest 
lesions,  such  as  albuminous  or  other  degeneration  of  parenchyma  cells 
throughout  the  body,  and  alterations  leading  to  Icucocytosis. 

'For  Culler  (tetailsol  xtudir^  on  theas  focalle^ioiu  in  lyphoH  nod  othrr  mfectioiis  <li»o'v<«.  rcin- 
«ii1t  Maliori,,  lor.  cil.     Hifl.  John.   Ho|,kiiiB  Hcho,    Rep.,  vol,  v.,  p,    IMBS,      fUin^r.  iliul..  vol. 
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Secondarr  l«3ioas. 

In  addition  to  the  more  characteristic  lesions  of  typhoid  fever  which  we  have 

described,  there  are  several  of  secondary  or  complicating  nature.  These  are  of  suffi- 
ciently frequent  occurrence  in  the  disease  to  reijuire  brief  mention.  They  are  in  part 

due  to  the  direct  action  of  the  typhoid  bacillus  or  its  soluble  poisons;  in  part,  how- 
ever, are  brought  about  by  secondary  bacterial  Infections.  > 

Thr  DiOEBTiVE  Organs.— In  the  intettine  there  may  be  gangrene,  sometimes 
involving  the  tissues  about  the  ulcers,  sometimes  apart  from  these.  There  may  be 
croupous  inflammation  of  the  intestinal  mucous  membrane  of  either  the  large  or  small 
intestine.  A  slight  peritonitis  sometimes  accompanies  the  intestinal  lesion,  A  severe 
peritonitis  is  usually  due  to  perforation,  less  frequently  to  ulcers  which  reach  the 
serous  coat,  but  do  not  perforate.  When  there  is  infiltration  of  the  serous  coat  with 
the  new  cell  growth,  described  above,  peritonitis  may  be  associated  with  a  produc- 

tion of  little  gray  nodule.s  of  the  same  character  throughout  the  peritoneum.     In- 

farctions of  the  spleen,  inflammation  of  the  ovaries,  and  perforation  of  the  gaU- 
bladdsr  are  sometimes  the  inciting  factors  in  peritonitis. 

Hffimorrhage  from  the  intestines  may  be  shght  and  due  to  the  inflammatory 
swelling  and  congestion  of  the  mucous  membrane;  or  it  may  he  due  to  the  ulceration 

of  the  follicles  and  opening  of  the  blood -ve»:sels,  and  is  then  often  profuse. 
There  may  be  hyperplasia  of  the  tonsils  and  of  the  lymphoid  tissue  at  the  base  of 

the  tongue.  Gangrenous  ulcers  of  the  sides  and  floor  of  the  mouth  may  be  present. 

Catarrhal  and  croupous  inflammation  of  the  pharynx  may  be  associated  with  super- 
ficial or  deep  ulceration.  Inflammation  of  the  parotid  leading  to  suppuration  is  not 

infrequent.  The  submaxitlaTy  gland  may  be  similarly  affected.  Enlargement  and 
induration  of  the  snlivary  glands  and  of  the  pancreas  in  typhoid  fever  have  been 

described  and  are  believed  to  be  due  to  hyperplasia  of  the  gland  cells  with  accumula- 
tion of  their  secretion.     This  may  be  followed  by  degeneration. 

The  Circulatory  Ohoanb.— The  heart  in  many  cases  is  the  seat  of  albuminous, 
fatty,  or  hyaline  degeneration,  or  of  pigmentation.  Myocarditis,  endocarditis,  and 
pericarditis  are  of  occasional  occurrence.     Thrombi  may  form  upon  the  valves  or  in  the 
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heart  cavities,  and  detached  fragments  of  these  may  be  lodged  as  emboli  in  various 

parts  of  the  body.  The  arteries  may  be  the  seat  of  acute  inflammation.  If  this  in- 
volve the  intima,  an  occluding  thrombus  may  be  formed  which  may  lead  to  gangrene 

of  the  part  supplied  by  the  vessel,  Thrombosis  of  the  veins  is  common,  and  especially 

frequent  in  the  femoral  vein  late  in  the  disease.^ 
The  Respiratory  Organs. — The  larynx  is  frequently  the  seat  of  catarrhal 

inflammation,  with  or  without  superficial  erosions.  Less  frequently  there  is  croupous 
inflammation,  followed  in  some  cases  by  destructive  ulceration;  oedema  of  the  glottis 
occasionally  occurs. 

The  Lungs. — Catarrhal  inflammation  of  the  large  bronchi  is  very  common.  Bron- 
cho-pneumonia occurs  in  two  forms.  There  may  be  a  severe  inflammation  of  most  of 

the  bronchi  of  both  lungs,  with  cellular  infiltration  of  the  walls  of  the  bronchi  and 
zones  of  peribronchitic  pneumonia;  or  there  may  be  an  intense  general  bronchitis, 
with  lobules  of  the  lung  corresponding  to  obstructed  bronchi,  either  collapsed  or  in- 

flamed, or  both. 
From  the  long-continued  recumbent  position  of  the  patients,  the  posterior  por- 

tions of  the  lungs  become  congested,  dense,  and  unaferated.  Sometimes,  in  addition 
to  this,  irregular  portions  of  the  lungs  become  hepatized.  Less  frequently  there  is 
acute  lobar  pneumonia.  Infarctions  are  not  uncommon,  and  gangrene  occasionally 
occurs,  either  associated  with  lobular  pneumonia  or  with  infarctions,  or  as  an  indepen- 

dent condition.     Fibrinous  pleurisy  and  empyema  are  not  infrequent.* 
The  Genitourinary  Organs. — The  kidneys  are  occasionally  the  seat  of  an  acute 

inflammation.  Catarrhal  and  croupous  and  nodular  inflammation  of  the  bladder  may 
occur.  Haemorrhage  and  gangrenous  inflammation  in  the  ovaries  have  been  recorded ; 

the  uterus  may  be  involved.*  Orchitis  and  epididymitis  may  develop  during  conva- 
lescence.* 

The  Nervous  System. — In  addition  to  chromatolytic  changes  in  the  ganglion 
cells  which  are  common  to  many  infectious  dieases,*  there  may  he  thrombosis  of  the 
venous  sinuses  and  obliterating  endarteritis.  Acute  meningitis  is  rare."  Degenera- 

tion and  inflammation  of  the  peripheral  nerves  may  occur. 
Suppurative  inflammation  may  occur  in  almost  any  part  of  the  body  in  typhoid 

fever.  This  may  be  in  the  form  of  boils  or  of  deep  abscesses.  Post-pharyngeal  sup- 
puration is  often  one  of  the  most  serious  of  these  complications.  Post-typhoid  bone 

lesions  are  often  important.^ 

SfiPTiCiEMic    Forms    of    Typhoid    Fever    Without    Characteristic 

Local  Lesions. 

Typhoid  fever  may  occur  without  the  characteristic  intestinal  and 
associated  lesions.  In  this  septicaemic  type  of  the  disease  there  may  be 
no  demonstrable  lesions  other  than  those  which  are  due  to  the  toxaemia.* 

On  the  other  hand,  inflammatory  processes  in  the  viscera — lungs,  kid-' 
ney,  spleen,  etc. — may  be  dependent  on  the  presence  of  the  typhoid 
bacillus.     The  lesions  in  such  cases  are  not,  so  far  as  we  yet  know, 

*  See  an  analysis  of  forty-two  cases  of  venous  thrombosis  in  typhoid  fever,  Thayer,  Trans.  Assn. 
Am.  Phys.,  vol.     ix.,  p.  164,  1904. 

'  For  pulmonary  complications  see  Robinaon,  Proc.  Phila.  Path.  Soc,  vol.  viii.,  p.  141,  1905 
*  Lartigau,  New  York  Med  Jour.,  vol.  Ixxi.,  p.  944,  1900,  bibl. 
*  See  KinnicuU,  Trans.  Assn.  Amer.  Phys.,  vol.  xvi.,  p.  145,  1901. 
'  For  a  study  of  ganglion  cells  in  case^  of  typhoid  fever  see  Nichols,  Jour,  of  Exp.  Med.,  vol.  iv., 

p.  189,  1899,  bibl.  See  also  Etcing,  "Studies  on  Ganglion  Cells,"  Archives  of  Neurology  and  Psycho- 
pathology,  vol.  i.,  p.  263,  1898. 

*  For  study  of  typhoid  meningitis  see  Cole,  Johns  Hopkins  Hosp.  Reports,  vol.  xii.,  p.  379,  1904. 
^  Parsons,  Jehns  Hopkins  Hosp.  Rep.,  vol.  v.,  p.  417,   1895.     For  a  study  of  bone-marrow  in 

typhoid  and  other  infections  see  Longcope,  Proc.  Phila.  Path.  Soc,  vol.  viii.,  p.  49,  1905. 
•Consult  in  this  connection,  for  cases  and  bibl.,  Chiari,  Zeitschrift  f.  Heilkunde,  1897;  iMrtigau, 

New  York  Med.  Jour.,  vol.  Ixx.,  p.  158.  1899;  abo  Johns  Hopkins  Hosp.  Bull.,  April,  1899;  OphiUs^ 
N.  Y.  Med.  Jour.,  May  12th,  1900. 
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characteristic,  ami  the  post-mortem  diagnosis  depends  largely  upon  the 
identification  of  the  bacillus.' 

DlSTRIBLTIOX    OF    THE    TyPHOID    BaCILLUS    I>f    THE    BoDV    IJf    TYPHOID 
Fever. 

In  the  early  stages  of  the  disease  the  bacillus  may  be  found  in  the 

lymphatic  structures  of  the  intestines  and  in  the  mesenteric  lymph- 
nodes  and  the  spleen.     It  may  be  present  in  lesions  involving  the  bone- 

marrow,  kidney,  liver,  lungs,  pleura,  utcnis, 

testicle,  and  in  the  rose  spots  of  the  skin,' 
as  well  as  in  the  blood,  where  it  may  be 

found    in   a   large   proportion    of    cases.' 
Typhoid   bacilli   have   been  found  in  the 
urine  in  about  20  per  cent,  of  cases  in  the 
third  and  fourth  weeks,  and  in  the  bile, 
and  may  persist  in  both  of  these  and  in  the 

faces  long  after  the  establishment  of   con- 
valescence.*    They  may  be  found,  though 

not   in   such   abundance   as  was  formerly 

assumed,  in  the  intestinal  contents   after 
the  disease  has  become  well  established.' 

Flo  H4  — I'LiJHTBR  OF  TTPmiiu       Their  abundance  here  appears  to  depend 
Bacilli  in  thb  Spues.  somcwhat   upou   thc  degree  of   intestinal 

ulceration.  In  the  viscera  they  are  apt 
to  occur  in  larger  and  smaller  masses  or  clusters  (see  Fig.  144).  The 

typhoid  bacillus  may  be  transmitted  through  thc  placenta  to  the  fcetus.' 
Typhoid  bacilli  may  be  present  alone  or  in  association  with  other 

germs  in  the  foci  of  suppuration  which  ao  frequently  complicate  typhoid 
fever,  also  in  the  exudate  in  inflammations  of  the  serous  membranes 

and  in  thc  cndocai-dial  vegetations.^ 
Hized  Infection. — Some  of  the  inflainniatory  complications  which 

occur  in  typhoid  fever  are  due  to  the  growth  of  the  bacillus  in  unusual 
places  in  the  body;  but  many  of  them  are  due  to  a  secondary  infection 

with  other  germs,  notably  with  thc  pyogenic  cocci,*  also  with  the  colon 
bacillus  and  the  pneumocoecus.' 

'  For  summary  of  atuilipi  on  Ihe  typhoid  bacilliu  ni 
£>unb<ir,  -' Emehnii^e  cler  sllg.  Aetiologie  drr  .Mcnnchen- 
flos,  isee. 

'  See  Prall,  Jour.  Bo!t.  Soe.  Med.  Sci,.  vol.  iii.,  p,  170.  IfiOB. 
>  .Spe  Coleman  nDil  Builon.  Jour.  Med.  Kn.,  xvi..  X-t.  1909. 
'  GauH.  Johns  Hopkins  Hosp.  Bull.,  vol.  x..  p.  lOS.  l»m:  bIso  CwrscAmnnn,  on  t>-phDid  o'siitis, 

Uunchener  med.  Woehcniehr..  ()rlobcr  IBlb.  1900. 
>  Hin.  Med.  Neo-s.  liny.  1901. 
•  He(.  Lanigau.  .New  York  .Med.  Jour.,  vol.  lixi.,  p.  944,  1900. 
'  See  Firmer,  Jour,  of  Path,  and  Bart,,  vol.  ili.,  p.  302,  1S95.  and  Johns  Hopkins  Hosp.  Repniis, 

vol  v.,  p.  34.1;  also  Macf.  "Traits  de  BnpUriolniie."  1901. 
•For  full  conoiileTBlion  of  the  pyogenie  powen  of  tbe  typhoid  bscillus,  rotbaU  Dmorhoir^i  and 

Janoictki,  ZieRler'B  Beitr.  i.  pnth.  Annt.,  etc.,  Bd.  ivii.,  p.  221,  lSi)5. 
'  Krm.  ■■  Surgien!  CompJiiations  of  Tjphokl  Frver,"  18D8.  Harr,  "The  Medical  CompHcnlions  of 

Typhoid  Fover,"  1.SB9. 
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Modes  of  Infection  with  the  Typhoid  Bacillus. 

Infection  with  the  typhoid  bacillus  seems  usually  to  occur  through  the 

gastro-intestinal  canal.  In  very  many  cases  the  bacilli  are  conveyed  by 
means  of  food,  especially  of  milk  and  drinking-water,  which  have  been 
polluted  with  the  excretions — faeces  and  urine — of  persons  suffering  or 
convalescent  from  the  disease.  Many  serious  epidemics  of  typhoid  fever 

have  been  traced  to  pollutions  of  milk  and  drinking-water  from  such 
sources.* 

Oysters  which  have  been  taken  from  grossly  polluted  waters,  as  near 

sewer  openings,  have  been  the  means  of  conveying  the  germs.*  There 
is  abundant  evidence  that  flies  convey  the  infectious  material  from 

undisinfected  discharges.' 
In  milk  the  typhoid  bacillus  not  only  remains  alive  for  long  periods, 

but  undergoes  active  multiplication.  It  may  remain  long  alive  in  water 

but  in  steadily  diminishing  numbers.*  In  the  soil  and  when  dried  it 
may  remain  alive  for  months.  Frozen  in  ice  it  has  been  found  alive  after 
more  than  three  months,  but  here  also  the  bacilli  are  gradually  reduced 
in  number  and  finally  die  out.  It  is  readily  killed  by  exposure  to  strong 
sunlight. 

Typhoid  Carriers. — While  the  presence  of  typhoid  bacilli  in  the  bile 
and  gall-bladder  has  been  recognized  for  some  time,  it  is  only  compar- 

atively recently  that  it  has  become  definitely  and  widely  known  that  the 

typhoid  bacilli  may  remain  in  the  gall-bladder  for  many  years.  Park 
states  that  from  1  to  5  per  cent,  of  typhoid  convalescents  may  continue 

to  pass  typhoid  bacilli  for  years.*  In  these  cases  the  bacilli  may  be 
continually  discharged  in  the  fseces.  Such  persons  are  called  ''typhoid 
carriers^*  and  if  they  are  of  uncleanly  habits  or  are  engaged  in  handling 
foods  as  cooks,  milkmen,  etc.,  may  lead  to  the  infection  of  many  persons. 

Immunity  and  Preventive  Inoculations. 

One  attack  of  typhoid  successfully  overcome  gives  a  certain  measure  of  protection, 
though  this  is  not  absolute,  against  another.  Animal  experiments  have  shown  that 
it  is  possible  to  secure  immunity  against  deadly  doses  of  typhoid  bacilli,  either  by  the 
inoculation  in  increasing  amounts  with  living  typhoid-bacillus  cultures,  or  by  the 
injection  of  suspensions  of  the  bodies  of  the  dead  bacilli.  The  type  of  immunity 
thus  secured  seems  to  be  the  bactericidal  and  bacteriolytic.  While  antitoxic  sub- 

stances are  formed  they  do  not  appear  to  be  of  great  practical  significance. • 
Preventive  inoculations  have  been  practised  on  a  large  scale  in  man  by  the  method 

^Freeman,  New  York  Med.  Rec,  Mar.  28th,  1896,  bibl.;  also  Vauohan,  Jour.  Amer.  Med.  Assn., 
Apr.  19th,  1902,  p.  979.  For  r^num^  with  bibl.  of  viability  of  typhoid  bacillus  under  various  conditions 
see  Wheeler,  Jour.  Med.  Res.,  vol.  xv.,  p.  269,  1906. 

2  Freeman,  Albany  Med.  Annals,  vol.  xviii.,  1897,  bibl.;  Mosny,  Revue  d'Hygi^ne,  t.  xxii.,  pp.  12, 
102,  193,  1900;  Herdman  and  Boyce,  Thompson  Yates  Laboratories  Report,  vol.  ii.,  supplement,  1899. 

*  See  reference,  p.  151;  also  report  on  typhoid  fever  in  U.  8.  Military  Camps  during  Spanish  War 
of  1898,  by  Reed,  Vaughan,  and  Sliakesjyeare,  1900;  also  experimental  study  by  Ficker,  Arch.  f.  Hygiene, 
Bd.  xlvi.,  1903,  p.  274. 

*  See  Jordan,  Rusaell,  and  Zeit,  Jour.  Inf.  Dis.,  vol.  i.,  p.  641,  1904;  also  Russell  and  Fuller,  ibid., 
Suppl.  No.  2.  Feb.,  1906.  p.  40. 

^  For  an  account  of  an  interesting  example  of  a  typhoid  carrier,  see  Park  and  Williams,  Pathogenic 
Bacterua,"  p.  287,  1910. 

^  For  a  suggestive  study  of  the  problem*?  of  immunity  in  typhoid  fever  see  Ewing,  Proc.  Phila. 
Path.  Soc,  vol.  viii.,  p.  65,  1905. 
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of  Haflfkine  with  apparently  favorable  results.  In  this  method  cultures  of  the  bacillus 

are  killed  by  heat  and  an  emulsion  in  salt  solution  is  injected  subcutaneously.* 
There  is  a  slight  and  temporary  local  and  general  reaction  which  may  be  mani- 

fested with  diminished  intensity  on  the  subsequent  injections  made  after  a  few  days' interval. 

As  the  result  of  this  method  it  has  been  found  both  by  the  English  and  by  the 
German  observers  of  the  effects  in  the  army  and  among  attendants  upon  typhoid 
cases,  that  considered  in  a  large  way  and  comparing  over  a  hundred  thousand  case^ 
injected  with  dead  bacilli  with  equal  numbers  not  injected  and  exposed  to  similar 
conditions,  there  were  fewer  cases  of  typhoid  among  the  inoculated  than  in  the  other 
group,  and  the  disease  when  occurring  in  an  inoculated  subject  was  likely  to  be  less 
severe  in  type  than  among  the  others. 

In  the  United  States  more  recently  this  method  of  preventive  inoculation  has  been 

practised  on  a  large  scale  in  the  army  with  favorable  results.' 

Agglutinins,  Precipitins,  and  Opsonins. 

We  have  seen  in  an  earlier  section  of  this  book  (p.  179)  that  in  the  adaptation 
of  a  living  body  to  certain  alien  organic  substances,  among  which  are  bacteria  and  their 
toxins,  the  serum  of  the  adapted — or  in  the  case  of  micro-organisms,  of  the  immunized 
— individual  may  contain  substances  which  are  agglutinative  for  the  particular  species 
of  micro-organism  involved.  By  the  use  of  this  phenomenon  of  agglutination,  a 
method  of  clinical  diagnosis  of  considerable  value  has  been  devised  and  much  employed 

especially  in  typhoid  fever.' 
Specific  precipitins  also  are  formed  in  the  adaptation  of  the  organism  to  the  typhoid 

bacillus.* 
Opsonins  are  formed  in  animals  artificially  immunized  to  the  typhoid  bacillus  and 

also  in  man  during  typhoid  fever.  But  determination  of  the  opsonic  index  is  difficult 
owing  to  the  rapid  lysis  of  the  bacilli  in  the  serum  and  in  the  phagocjiies. 

The  Typhoid  and  Colon  Bacillus. 

Much  difficulty  has  been  encountered  in  distinguishing  between  the  typhoid 
bacillus  and  various  forms  of  the  colon  bacillus  when  they  occur  together,  as  may  be 
the  case  in  contaminated  water  or  in  the  dejecta  of  persons  suflfering  from  typhoid 
fever.  As  a  result  of  this  difficulty  a  very  close  relationship  has  been  assumed  between 
typhoid  and  colon  bacilli.  This  assumption  is  not  wholly  justified  by  the  facts,  since 
many  of  the  biological  as  well  as  some  of  the  morphological  characters  of  the  two  are 
quite  dissimilar. 

The  diflSculty  in  distinction  is  largely  limited  to  the  identification  of  colonies  on 
the  common  media  usually  employed  in  the  gelatin  and  agar  plates.  Hiss  has  sho^Ti 
how  by  a  slight  modification  of  the  common  methods  the  growth  of  each  form  is  quite 
characteristic,  so  much  so  that  pure  cultures  may  be  made  from  the  first  mixed  plates 

without  difficulty.*  When  once  the  two  forms  are  separated,  distinguishing  characters 
are  readily  demonstrable. • 

Method  of  Staining  the  Typhoid  Bacillus. 

The  bacilli  from  artificial  cultures  stain  readily  with  the  ordinary  anilin  dyes,  such 
as  fuchsin  and  methylene  blue.     In  sections,  however,  they  do  not  stain  so  readily. 

1  See  for  a  review  of  this  method,  WrigfU,  Practitioner,  Mar.,  1904,  and  Brit.  Med.  Jour.,  Nov.  12th, 
p.  1433.  1904. 

2  See  Russell,  Johns  Hopkins  Hoap.  Bull.,  1910,  xxi.,  83. 
*For  further  details  of  a|iu(lutination  we  refer  to  the  works  on  clinical  patholoicy,  and  forbibUoR- 

raphy  to  Craw,  Jour,  of  Hygiene,  vol.  v.,  p.  113,  1905.  For  a  summar>'  see  Wells,  "Chemical  Pathol- 

ogy." 

*  Norris,  Jour.  Inf.  Dis.,  I.,  463.  1904;  . 
»  Hiss,  Jour.  Exp.  Med.,  vol.  ii..  p.  677.  1897;  Jour.  Med.  Research.,  vol.  viii.,  1902,  p.  148;  abo 

Hiss  and  RusseU,  Med.  News.  Feb.  14th.  1903. 
•  For  a  study  of  agglutinative  reactions  of  the  colon-typhoid  group  see  Bruns  and  Kayser,  Zeitsch. 

f.  Hyg.  u.  Infkr.,  vol.  xUii.,  1903,  p.  401,  bibl. 
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They  are  decolorized  by  Gram.  They  may  be  stained  by  ZiehVs  solution  (see  p.  258). 
Stain  for  half  an  hour,  decolorize  in  alcohol,  clear  in  oil  of  cedar,  mount  in  balsam. 
The  decolorization  in  alcohol  should  be  carefully  done  to  avoid  the  removal  of  too 

much  color.  Flexner  recommends  the  staining  in  Loffler's  methyl ene-blue  solution  for 
two  hours;  then  put  in  acetic-acid  solution  1:1,000  for  several  minutes;  dehydrate  in 
absolute  alcohol;  clear  and  differentiate  in  oil  of  cloves;  mount  in  balsam.  The  aim 
in  both  of  these  methods  is  to  leave  the  nuclei  faintly  colored,  but  not  so  much  so 
as  to  conceal  the  clusters  of  more  deeply  stained  bacilli. 

Bibliography  of  Typhoid. — For  a  resume  of  the  studies  on  the  typhoid  bacillus 

and  its  relationship  to  this  disease  see  Neufeld,  Kolle  and  Wassermann's  "Handbuch 
der  Mikroorganismen,"  Bd.  ii.,  p.  204.  For  studies  on  various  phases  of  typhoid 
infection  see  Johns  Hopkins  Hosp.  Rep.,  vol.  viii.,  1900. 

Paratyphoid. 

Recently  a  group  of  cases  of  continued  fever  has  been  recognized  which  gives  the 
general  clinical  picture  of  typhoid  fever,  but  in  which  the  serum  does  not  agglutinate 
the  typhoid  bacillus,  and  cultures  reveal  a  bacillus  in  some  respects  resembling  but  not 
identical  with  the  typhoid  bacillus,  and  apparently  intermediate  between  this  and  the 
B.  coli  communis.  This  bacillus  has  been  called  the  paratyphoid  bacillus,  and  it  is 
agglutinated  by  the  serum  of  the  cases  in  which  it  occurs.  The  intestinal  and  other 
lesions  of  this  disease,  which  is  called  paratyphoid,  so  far  as  they  are  known,  are  not 
those  characteristic  of  typhoid  fever.  The  reports  of  autopsies  are  not  yet  numerous 
enough  to  furnish  reliable  data  as  to  lesions  which  thus  far  have  been  slight  and  appa- 

rently insignificant.*  The  hmitations  of  this  book  do  not  permit  us  to  enter  in 
detail  into  the  subject  of  paratyphoid  and  its  bacillus,  in  which  considerable  uncer- 

tainty still  prevails.'  Regarding  the  value  and  significance  of  the  agglutination  test 
the  reader  should  consult  works  on  clinical  diagnosis. 

DYSENTERY. 

This  form  of  infectious  colitis  is  regularly  associated  with  and  doubt- 
less incited  by  bacilli  of  the  colon-typhoid  group,  Bacillus  dysenteriae 

or  Shiga's  bacillus.  It  is  a  short  rod,  rounded  at  the  ends,  staining  easily, 
decolorized  by  Gram's  method,  growing  readily  in  cultures.  There  are 
several  types  of  dysentery  bacilli  having  somewhat  different  biological 

characters.' 
For  the  lesions  of  this  disease  see  page  677. 

ASIATIC  CHOLERA. 

Asiatic  cholera  is  a  disease  incited  by  the  growth  and  proliferation 

in  the  intestines  of  a  slightly  curved  or  spiral-shaped  bacterium,  which 
is  called  the  cholera  spirillum — Spirillum  cholerce  Asiaticce  (Vibrio 
cholerae  Asiaticae).  This  organism  in  the  early  and  active  stages  of  the 
disease  may  be  present  in  enormous  numbers  in  the  contents  of  the 
small  intestine,  often  penetrating  the  mucosa.  It  is  usually  confined 
to  this  situation.  Its  deleterious  effects  upon  the  body  appear  to  be 
largely  due  to  the  production  of  toxic  substances,  which  in  addition  to 

*  See  WdU  and  Scott,  Jour,  of  Infec.  Dis.,  vol.  i.,  1904,  p.  72;  also  Pratt,  Bost.  Med.  and  Sui^. 
Jour.,  vol.  cxlviii.,  p.  137,  1903. 

*For  a  r^sum^  of  this  subject,  see  Libman,  Jour,  of  Med.  Research,  vol.  viii.,  1902,  p.  168;  also 
Fox,  Bull.  Univ.  Penn.,  vol.  xviii.,  p.  52,  1905,  and  Proescher  and  Rcddy,  Arch.  Int.  Med.,  v.,  263,  1910, 
bibl. 

*  See  Ht88  and  Zinsser,  Text-book  of  Bacteriology,  p.  433,  1910. 
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serious  intestinal  irritation  or  lesion  may  on  absorption  incite  those 
systemic  disturbances  which  characterize  profound  toxaemia. 

Lesions  of  Asiatic  Cholera. 

In  some  cases  of  cholera  there  are  no  marked  changes  to  be  found 
after  death,  and  in  no  case  are  the  lesions  distinctive  of  this  disease. 

If  death  occur  during  the  invasion  of  the  disease  or  in  the  stage  of 
collapse,  the  appearances  in  the  more  marked  cases  may  be  summarized 
as  follows: 

The  bodies  may  remain  warm  for  some  time,  and  the  temperature 
may  rise  for  a  short  time  after  death.  The  rigor  mortis  usually  begins 
early  and  lasts  for  an  exceptionally  long  time.  The  muscles  sometimes 
exhibit  a  peculiar  spasmodic  twitching  before  the  rigor  mortis  sets  in, 
especially  the  muscles  of  the  hand  and  arm. 

The  skin  is  of  a  dusky  gray  color;  the  lips,  eyelids,  fingers,  and  toes 
are  of  a  livid  purple.  The  ends  of  the  fingers  are  shrivelled,  and 
the  cheeks  and  eves  sunken. 

The  Brain. — The  sinuses  of  the  dura  mater  are  filled  with  dark,  thick 
blood.  The  pia  mater  may  be  normal,  or  oedematous,  or  ecchymotic, 
or  infiltrated  with  fibrin.  The  brain  is  usually  normal,  but  may  be  dry 
and  firmer  than  usual. 

The  lungs  are  retracted  and  anaemic,  the  pleura  may  be  dry  or  coated 
with  fibrin.  The  heart  is  normal.  The  peritonetun  may  be  dry  or  coated 
with  a  layer  of  fibrin. 

The  stomach  is  usually  unchanged,  but  may  be  the  seat  of  catarrhal 

inflammation.  The  Small  Intestine. — There  may  be  ecchymoses  in  the 
mucous  membrane;  the  mucous  membrane  may  be  soft  and  oedematous; 
there  may  be  general  congestion,  or  the  congestion  may  be  confined  to 
the  peripheries  of  the  solitary  and  agminated  nodules,  and  these  nodules 
may  be  swollen;  or  there  may  be  croupous  inflammation  and  superficial 
necrosis.  All  these  changes  are  usually  most  marked  at  the  lower  end 

of  the  small  intestine.  There  is  apt  to  be  post-mortem  desquamation  of 
the  epithelium.  The  characteristic  rice-water  fluid  may  be  found  in  the 
intestines  after  death,  or,  instead  of  this,  dark-colored,  bloody  fluid. 
The  large  intestine  is  usually  normal,  but  in  some  epidemics  croupous 
inflammation  occurs  in  a  considerable  number  of  cases. 

The  spleen  may  be  soft.  The  liver  may  show  small  areas  of  granu- 
lar or  fatty  or  hyaline  degeneration. 
The  kidneys  are  often  increased  in  size,  with  white  and  thickened 

cortex  and  congested  pyramids.  The  epithelium  of  the  cortical  tubes 
may  contain  coarse  granules  and  fat  globules,  or  be  necrotic.  The  tubes 
may  contain  casts  and  disintegrated  epithelium.  The  uterus  and  ovaries 
may  be  congested  and  contain  extravasated  blood. 

If  the  patient  do  not  die  until  the  stage  of  reaction,  the  body  does 

not  present  the  same  collapsed  appearance,  and  there  are  often  inflam- 
matory changes  in  different  parts  of  the  body,  especially  in  the  larynx, 

the  lungs,  the  stomach,  and  the  intestines. 
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Characters  of  the  Cholera  Spirillum. 

The  cholera  Bpiriiium,  which  was  diHCovered  by  Koch  in  ISSd,  ia  a  curved  rod  with 
rounded  ends,  from  0 .  S  to  2 . 0  /i  long,  aaporoicenous.  aProbic,  and  motile.  When  grow- 

ing under  Huitable  condition!)  these  rodB  are  apt  to  cling  together  by  their  ends,  forming 
S-Hhaped  structures  or  spirals,  often  of  considerable  length  (Fig,  145) .  The  organism 
stains  readily  and  grows  abundantly  on  the  ordinary  culture  media.  The  life  period  is 

short  and  various  degenerative  "  involution  "  forms  are  apt  to  l>e  present  in  old  cultures. 
It  grows  best  at  about  blood  heat;  growth  ceases  at  about  16°  C,  but  may  survive  a 
re<luctioD  of  the  temperature  to  -10°  C.  It  is  quickly  killed  by  drying  or  by  the  tem- 

perature of  boiling  water.  Acids  are  inimical  to  ils  growth.  It  may  retain  its  vital- 
ity for  a  considerable  time  in  water.  On  moist  surfaces, 

such  as  damp  linen,  earth,  vegetables,  or  in  milk,  it  may 

rapidly  proliferate. 

P.tTHOOENESis. — The   results   of  animal  experiments  * 
with  the  cholera  germ  are  not  in  themselves  decisive  in 
determining  its  relationship  to  this  disease,  since  animals 
do  not  react  in  its  presence  as  man  does.      However,  the 
constant  occurrence  of  this  organism  in  Asiatic  cholera,        fi^,  115,— spihillumChol- 
its  absence  from  the  body  under  other  conditions,  and  kuk  Asiatice, 
the  accidental  laboratory  infections  which  have  several  From  a  ailiute. 
times  occurred  in  men  handling  pure  cultures  of  the 
germ,  leave  no  doubt  as  to  its  significance  as  the  excitant  of  this  disease. 

Bacterial  DiACiNOsm. — It  is  often  of  the  highest  importance  to  determine,  at 
the  earliest  possible  moment,  whether  or  not  a  suspected  case  be  one  of  Asiatic  cholera 
or  some  other  form  of  acute  intestinal  disorder,  so  that  in  the  former  case  the  proper 
measures  may  be  instituted  to  prevent  the  spread  of  the  disease.  The  characters 
which  are  developed  in  cultures  of  the  cholera  bacillus  enable  an  expert  bacteriologist 
to  distinguish  this  organism  from  all  other  known  forms.  But  the  scope  of  this  work 
does  not  permit  a  detaifed  description  of  the  cultural  peculiarities  of  the  germ.  Nor 
should  the  responsibility  of  such  determinations  be  assumed  without  adequate  pre- 

liminary laboratory  experience.  By  taking  together  the  morphological  and  biological 
characters,  it  is  possible,  usually  on  the  second  or  third  <lay,  to  determine  whether  the 
intestinal  contents  of  a  suspected  case  do  or  do  not  contain  the  bacillus  of  Asiatic 

cholera.' 

Communicability. — Through  milk  or  water  or  other  uncooked  food, 
contaminated  with  the  dejections  of  those  suffering  from  Asiatic  cholera, 

epidemics  are  Ughtcd  up  and  maintained.  After  drying,  there  appeal's 
to  be  relatively  little  risk  from  cholera  discharges.  Individual  sus- 

ceptibility plays  an  important  r6te  in  this  as  in  many  other  infectious 

diseases.  For  during  cholera  epidemics  the  spirillum  has  been  found 

in  many  instances  in  the  stools  of  apparently  healthy  persons.  Such 

"cholera  carriers"  seriously  complicate  the  problems  of  public  sanita- 
tion and  quarantine.  The  elements  of  susceptibility  to  Asiatic  cholera 

are  not  yet  understood,  though  it  is  commonly  assumed  that  dietetic 

indiscretions  and  gastrointestinal  disorders  may  be  significant  factoids 
in  the  acquired  disposition  to  the  disease. 

A  certain  degree  of  temporary  immunity  is  accjuircd  through  recovery 
from  the  disease. 

Kolleand  WaHermHDU's  "Hnnilb 
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Toxic  Products  and  Preventive  Inoculation. 

Toxic  Products. — The  toxic  substances  formed  by  the  cholera  spiril- 
lum are  apparently  set  free  to  some  extent  in  soluble  form,  but  are 

largely  such  as  are  stored  in  the  bacterial  cell  itself — endotoxins. 
PfeifTer  has  shown  that  the  spirillum  of  Asiatic  cholera,  put  into  the 

peritoneal  cavity  of  an  artificially  immunized  guinea-pig,  is  quickly 
immobilized,  swells  and  becomes  granular,  and  soon  disappears.  A 
similar  effect  can  be  secured  in  tubes  by  a  mixture  of  the  immune  serum 
and  fresh  serum  to  which  the  spirilla  are  added.  This  lytic  effect  of 
the  immune  serum  upon  the  bacteria  may  be  used  as  a  test,  on  the  one 
hand,  of  the  specific  character  of  a  suspected  spirillum;  and,  on  the 
other,  with  a  definitely  known  spirillum  the  lytic  action  of  the  serum 
in  a  suspected  case  of  disease  may  be  valuable  as  a  diagnostic  test. 

This  bacteriolytic  action  of  specific  sera  is  not  peculiar  to  the  so- 
called  anti-cholera  serum,  but  has  been  observed  in  other  cases — for 
example,  in  typhoid  serum  with  the  typhoid  bacillus.  Its  nature  and 
its  bearing  on  immunity  have  been  considered  in  an  earlier  section  of 
this  book  (see  p.  170). 

Agglutinative  substances  are  also  developed  in  Asiatic  cholera  which 
may  be  of  value  in  diagnosis. 

Preventive  Inoculation. — A  large  amount  of  work  has  been  done 
looking  tow^ard  artificial  immunization  of  man  against  Asiatic  cholera 
in  the  East,  and  preventive  inoculation  practised  by  the  method  of 

Haffkine  appears  to  have  given  encouraging  results.  This  method  con- 
sists in  the  subcutaneous  injection  of  cultures  of  the  cholera  bacillus; 

first,  those  whose  virulence  has  been  diminished,  and  then,  those  in 
which  the  virulence  has  been  exalted  by  artificial  means. 

But  the  Haffkine  preventive  inoculation  with  living  cultures  has 
been  in  a  large  measure  superseded  by  the  injection  of  a  small  amount 
of  a  fresh  agar  culture  killed  by  heat.  The  dose  is  repeated  after  a  few 
days.  There  is  moderate  local  and  general  reaction  to  the  injections. 
The  serum  of  persons  thus  twice  injected,  after  two  or  three  weeks,  may 
show  the  development  of  bactericidal  substances  exceeding  in  efficiency 
those  present  during  convalescence  from  the  disease.  Such  an  active, 
artificial  immunity  may  last  for  many  months.  The  practical  result 
of  this  form  of  preventive  inoculation  on  a  large  scale  in  Japan  has  been 
a  considerable  reduction  in  the  proportion  of  cases  in  the  protected 
groups,  as  compared  with  others  similarly  exposed,  as  well  as  a  reduction 
in  the  mortality  of  those  who  in  spite  of  the  protective  attempt  contracted 

the  disease.^ 

Other  Spirilla  Resembling  the  Cholera  Spirillum. 

There  are  several  fairly  distinct  forms  of  spirilla,  some  of  which  appear  to  be 

related  to  the  cholera  organism,  which  have  been  occasionally  found  in  various  situa- 
tions. One  of  these  is  the  so-called  Vibrio  proteus  or  spirillum  of  Finkler  and  Prior. 

This  organism  was  found  by  these  observers  in  the  dejecta  of  persons  suffering  from 

*  For  a  study  of  protective  inoculations  ai^ainst  Asiatic  cholera  see  Strong,  Bureau  of  Govt.  Labora- 
tories, Dept.  of  the  Interior,  Biological  Laboratory,  No.  16,  Sept.,  1904. 
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cholera  nostras,  shortly  after  the  discovery  by  Koch  of  the  cholera  spirillum,  which 
at  first  it  was  thought  closely  to  resemble.  The  cultural  characters,  however,  abun- 

dantly suflSce  to  differentiate  the  organisms.  The  Vibrio  proteus  is  slightly  pathogenic 
for  certain  lower  animals,  but  not  for  man. 

Several  forms  of  spirilla  of  somewhat  similar  general  characters  have  been  found 

in  various  situations;  thus  in  cheese,  by  Denecke,  *S'.  tyrogenum;  in  a  chicken  epidemic 
and  in  sewage,  by  Gamaleia  and  by  Pfuhl,  Vibro  Melschnikovi:  in  the  dejecta  during 
a  cholera  epidemic  at  Massawah,  Vibrio  Massawah,  etc.  Spirillum  spuligenumy 
of  frequent  occurrence  about  the  teeth  and  in  the  saliva  of  healthy  persons,  is  not 

pathogenic. 

TUBERCULOSIS.^ 

Tuberculosis  is  an  infectious  disease  characterized  by  inflammatory 
and  necrotic  processes  in  the  body  and  incited  by  the  presence  and 

growth  of  the  Bacillus  tuberculosis  (tubercle  bacillus).  The  most  dis- 
tinctive morphological  feature  of  tuberculosis  is  the  development  under 

the  influence  of  the  tubercle  bacillus  of  larger  and  smaller,  gray  or  white 
or  yellowy  firm  or  friable  masses  of  tissue  called  tubercles. 

The  effect  on  the  body-cells  of  the  presence  and  growth  of  the  tubercle 
bacillus  varies  considerably,  depending  upon  the  number  and  virulence 
of  the  germs  present,  the  character  of  the  tissue  in  which  they  lodge, 
and  the  vulnerability  of  the  individual.  In  general,  it  may  be  said 
that  tubercle  bacilli  may  stimulate  the  connective-tissue  cells  in  their 
vicinity  to  proliferation;  or  they  may  excite  emigration  of  leucocytes 
from  blood-vessels  and  lead  to  the  production  of  other  exudates;  or 
they  may  cause  death  of  tissue.  Thus  the  phases  of  inflammation 
which  are  excited  by  the  tubercle  bacillus  are  productive ^  exudative ^ 
and  necrotic.  The  tubercle  bacillus  may  incite  these  changes  separately 
or  simultaneously,  in  the  sequence  just  indicated  or  in  some  other; 
and  now  one,  now  another  of  them  may  preponderate. 

Morphology  of  the  Lesions  of  Tuberculosis. 

Tuberculosis  manifests  itself  most  often  in  the  form  of  an  inflamma- 
tion affecting  some  one  part  of  the  body,  as  the  lungs  and  bronchial 

lymph-nodes  (the  parts  most  frequently  involved  in  adults),  the  gastro- 
intestinal tract  or  the  skin — ^'localized  tuberculosis.**  In  a  considerable 

proportion  of  cases  the  local  lesions  induced  by  the  tubercle  bacillus 
are  in  the  form  of  circumscribed  nodules  or  masses  of  new-formed  cells 

or  tissue  which  are  called  tubercles,  or,  if  small,  milim-y  tubercles.^ 
Such  a  localized  tuberculosis  may  retain  throughout  the  characters 

^  Some  authors  are  disposed  to  class  together,  under  the  name  Infectious  Granuloma,  lesions  in- 
duced by  micro-oiiganisms,  certain  phases  of  which  are  characterized  by  a  localized,  usually  slow,  nodular 

growth  tending  to  necrosis.  The  more  important  of  these  are  tuberculous,  leprous,  syphilitic,  and 
actinomycotic.  It  may  be  doubted  whether  it  is  wise  to  group  together,  under  a  name  suggesting 
tumor  relationships,  which  do  not  exist,  lesions  of  such  diverse  origin  and  clearly  of  infectious  character. 

'  The  term  miliary  tubercle,  which  arose  from  the  coincidence  in  size  between  small  foci  of  tubercu- 
lous inflammation  and  some  forms  of  millet  seed,  is  now  very  liberally  applied  to  tuberclra  which  are 

very  much  larger  as  well  as  to  those  which  are  very  much  smaller  than  millet  seeds.  It  is  convenient 
to  designate  a  small  mass  of  new  tissue  formed  under  the  influence  of  the  tubercle  bacillus,  whatever  its 
minute  structure,  as  a  tubercle  granulum  (see  Fig,  146).  Very  frequently  two  or  more  tubercle  granula 
are  joined  together  by  a  more  diffuse  formation  of  tubercle  tissue  to  form  larger  or  smaller  miliary 
tubercles — conglomerate  tubercles  (see  Fig.  147). 
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of  a  local  inflammation,  or  it  may  be  accompanied  by  the  clinical  evi- 
dences of  systemic  infection.  It  may  give  rise  through  metastasis  to 

the  successive  development  of  tuberculous  inflammations  in  other  parts 
of  the  body,  or  to  a  sudden  development  of  small  foci  of  tuberculous 

inflammation  in  many  parts  of  the  body  at  the  same  time — general 
miliary  tuberculosis. 

A  general  infection  may  occur  by  the  diff'usion  through  the  body  of 
bacilli  derived  from  a  local  tuberculosis,  such  as  tuberculous  phlebitis 
or  arteritis,  tuberculous  inflammation  of  the  thoracic  duct,  or  from  the 

breaking  into  a  vessel  of  a  tuberculous  lymph-node.  It  is  probably 
seldom  that  a  sufficient  number  of  tubercle  bacilli  enter  the  blood  chan- 

nels at  once  to  account  for  the  enormous  numbers  of  tubercles  which  are 

sometimes  found  in  acute  general  miliary  tuberculosis;  but  it  is  not 
unlikely  that,  from  the  newly  formed  tubercles  which  develop  in  the 
walls  of  the  smaller  blood-vessels,  new  distributions  of  bacilli  may  take 
place  from  time  to  time  as  the  tubercles  mature.  This  probability  is 
sustained  by  the  frequent  occurrence  of  miliary  tubercles  on  the  intima 
of  the  small  arteries  in  the  lung  for  example,  as  well  as  by  the  evidence 

of  diff'erences  in  age  of  the  individual  tubercles  in  generalized  miliary 
tuberculosis.^ 

Diffuse  Tuberculosis. — In  many  cases,  however,  the  lesion  is  not  focal 
or  circumscribed  but  diffuse,  and  more  or  less  widely  infiltrates  or 

replaces  the  tissues  involved.  This  is  called  diffuse  tuberculous  inflamma- 
tion. 

Miliary  Tubercles. — Miliary  tubercles  are  small  nodules  of  irregular 
shapes  (Plates  IV.,  VI.,  and  VII.),  the  smallest  hardly  visible  to  the 
naked  eye.  The  smaller  tubercles  are  gray  and  translucent;  the  larger 
are  usually,  especially  in  the  central  parts,  opaque  and  white  or  yellow 
on  account  of  the  necrosis  which  is  apt  to  commence  here. 

In  studying  the  reaction  of  the  living  tissues  to  the  tubercle  bacillus 
it  should  be  always  borne  in  mind  that  while,  as  a  whole,  the  lesions 
produced  are  quite  characteristic,  there  is  still  no  one  structural  feature 
or  combination  of  features  of  tubercles  or  tuberculous  inflammation 

which  is  absolutely  distinctive  of  the  action  of  this  bacillus.  In  doubtful 
cases  the  demonstration  of  the  presence  of  the  germ  itself  may  be  neces- 

sary for  the  establishment  of  the  character  of  the  lesion.^ 
The  experimental  studies  in  animals,  as  well  as  the  morphological 

data  gathered  from  the  examination  of  tuberculosis  in  man,  show  that 
when  tubercle  bacilli  in  moderate  numbers  lodge  and  develop  in  the 
living  body  one  of  the  early  local  effects  is  aproliferationof  theconnective- 

1  It  is  well,  in  the  endeavor  to  understand  the  occurrence  of  general  miliary  tuberculosis  or  of  the 
\e3^  striking  instances  of  distribution  of  the  bacilli,  to  remember  that  two  varying  factors  are  constantly 
active  and  significant:  first,  the  virulence  of  the  bacilli,  which  may  be  slight  or  extreme;  and,  second,  the 

vulnerability  of  the  infected  individual — i.e.,  his  "predisposition" — which  also  may  be  slight  or  ex- 
treme. Thus  the  distribution  of  bacilli,  be  these  few  or  many,  from  an  infective  focus,  may  be  in  dif- 

ferent individuals  or  at  different  times  in  the  same  individual  of  quit*  different  significance.  For  a 
r^umi  of  the  discussion  as  to  the  sudden  or  gradual  origin  of  miliary  tubercles  see  Ribberi,  Deut.  med. 
Woch..  p.  5,  Jan.  4th,  1906. 

-  The  term  tubercle  tissue,  which  is  in  common  use,  indicates  a  tissue  formed  under  the  influence 
of  the  tubercle  bacillus  rather  than  a  tissue  which  is  morphologically  characteristic  of  tuberculosis  in 
distinction  from  other  forms  of  new  tissue. 
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tissue  and  cn(iotholial  cells. '     Those  become  larger  and  polyhedral,  with 
conspicuous  nuclei  (Fig,  146). 

A  new  reticulum  or  stroma  may  form  hand-in-hand  with  the  growth 

of  these  new  cells,  or  the  old  stroma  may  persist,  adapting  itself  in  form 
and  arrangement  to  the  new  conditions. 

'  The  "ludics  of  IVrrl-fh-TO  in<li™te  Ihat  in  Bome  cntim.  nl  Irani,  thefinil  rfTpct  of  thelubeirlcbBcillu!. 
upon  the  liviiid  t»u?  »  ilf-^lrurtivc  no  Ihal  thp  chiimiMiTiHlic-  rell  iirutifi'mtMD  »hic-h  tvHowr  nmy  not 
he  olloRcther  due  10  a  ilirart  foniuitn-r  stimulus  to  rell  proliferalion  rurasheil  bv  the  linrillus.     .-^w 

I.  iirimArcn  Kinwirkiing  ilm  Tuherkpllincillug."  ZteElcr's  KritrJKP  lur 
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Eitner  after  the  connective-tissue  cell  proliferation  or  hand-in-hand 
with  it,  or  preceding  it,  or  altogether  independently  of  it,  emigration  of 
leucocytes  and  extravasation  of  serum  may  take  place  from  blood- 

vessels in  the  vicinity  of  the  germs.  During  the  more  or  less  active 
cell  proliferation  which  occurs  under  the  influence  of  the  tubercle  bacillus, 
multinuclear  cells — giant  cells — ^may  be  formed  (Fig.  147),  cither  by 
persistent  nuclear  division  in  growing  protoplasmic  masses  which  do 
not  divide  into  separate  cells,  or  by  the  coalescence  of  the  bodies  of  cells 
already  formed. 

More  or  less  new  tissue  with  numerous  small  spheroidal  mononuclear 
cells  and  little  stroma  may  form  in  and  about  the  tuberculous  foci. 

Blood-vessels  are  not  apt  to  develop  under  the  influence  of  the  tubercle 
bacillus.  Old  blood-vessels  are,  on  the  other  hand,  usually  obliterated 
as  the  new  tissue  forms. 

Hooner  or  later  under  the  influence  of  the  tubercle  bacillus,  there  is 
usually  a  damage  of  cell  and  ti.ssue,  which  may  lead  to  coagulation 
necrosis  in  the  new-formed  as  well  as  in  the  old  tissue  of  the  infected 
region.  This  necrosis  is  more  apt  at  first  to  manifest  itself  in  the  central 
portions  of  the  tuberculous  foci  (Fig.  148)  and  may  progress  outward; 
the  nuclei  become  fragmented  or  disappear,  or  fail  to  stain  in  the  usual 
way,  the  protoplasm  becomes  more  homogeneous,  and  cells  and  stroma 
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form  at  last  an  irregularly  granular  mass  of  tissue  detritus  which  tends 
to  disintegrate  (coagulation  necrosis,  cheesy  degeneration,  caseation), 
forming  cavities  or,  if  on  free  surfaces,  ulcers. 

As  coagulation  necrosis  progresses,  the  tubercle  masses  lose  the  gray 
translucent  appearance  which  in  their  early  stages  they  are  apt  to  pre- 

sent to  the  naked  eye  and  become  more  opaque  and  of  yellowish  white 
appearance  at  the  centres. 

Finally  dense  fibrous  tissue  may  form  in  and  about  foci  of  tuberculous 
inflammation,  encapsulating  or  sometimes  entirely  replacing  the  more 

characteristic  new-formed  structures.  It  is  in  this  way — by  the  forma- 
tion of  connective  tissue — that  such  repair  as  is  possible  after  local  tuber- 

culous inflammation,  is  brought  about  (Fig.  396,  p.  623). 

Forms  of  Tubercles. — Before  the  discovery  of  the  tubercle  bacillus 
and  while  knowledge  of  the  lesions  of  tuberculosis  was  largely  limited 
to  their  morphology,  it  was  natural  that  much  stress  should  be  laid  upon 
the  variety  in  structure  which  the  nodular  growths  called  tubercles 
present,  and  that  elaborate  classifications  and  groupings  of  tubercles 
were  often  deemed  important. 

With  an  exact  knowledge  of  the  excitant  of  the  new  growths  and  of 
the  varying  phases  of  their  development  in  the  body,  the  morphological 
peculiarities  of  tubercles  are  not  now  to  be  regarded  as  of  such  extreme 
significance,  since  they  for  the  most  part  indicate  simply  variations  in 
the  local  effect  of  a  definite  poison.  These  variations  are  due,  as  we  have 
seen,  to  differences  in  the  amount  and  intensity  of  the  poison,  to  the  degree 
of  susceptibility  of  the  individual,  to  the  structure  of  the  particular 

tissue  or  organ  involved,  and  to  the  extent  and  variety  of  local  complica- 
tions caused  by  other  agencies. 

It  is,  however,  usually  convenient  and  sometimes  important  to  recog- 
nize structural  types  in  miliary  tubercles.  Thus  they  may  be  composed 

wholly  of  small  spheroidal  cells — '"lymphoid  tubercles/'  or  of  larger  poly- 
hedral cells* — ^'polyhedral-celled  tubercles/'  or  of  both  forms  of  cells 

together  and  with  or  without  a  new-formed  stroma;  or  of  any  of  these 
combinations  with  giant  cells.  Then  coagulation  necrosis,  which  may 
occur  in  tubercles  of  any  type;  development  of  new  dense  connective 

tissue;  association  with  various  phases  of  simple  exudative  inflamma- 
tion— all  of  these  contribute  to  the  variety  in  the  structural  types  of 

miliary  tubercles. 

Diffuse  Tuberculous  Inflammation  (Diffuse  Tubercle). — 1.  If  the 
infection  with  tubercle  bacilli  be  extensive,  or  if  step  by  step  the  bacilli 

are  distributed  in  the  tissues  about  the  primary  seat  of  infection,  con- 
siderable amounts  of  tubercle  tissue  of  one  or  other  form  may  develop 

and  pass  into  the  condition  of  coagulation  necrosis,  so  that  at  length 

large  necrotic  masses,  with  a  comparatively  small  amount  of  well- 
defined  tubercle  tissue,  either  diffuse  or  in  the  form  of  granula,  may  alone 
remain  to  indicate  the  character  of  old  and  slowly  progressive  local 
infection.  This  form  of  lesion  is  found  in  the  large  tuberculous  masses 
in  the  brain,  in  the  mucous  membrane  of  the  bronchi,  in  large  flat  masses 

1  Some  of  the  larger  cells  are  regarded  by  many  as  so-called  "plasma  cells"  (see  p.  74). 
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on  the  serous  membranes,  ami  in  the  diffuse,  cheesy  infiltration  of  the 

lymph-nodes,  kidneys,  ureters,  bladder,  prostate,  testicle,  and  utenis. 
These  large  areas  of  tuberculous  inflammation  are  apt  to  be  white  or 

yellow  in  the  central  and  necratic  portions,  which  are  sometimes  dense. 
compact,  and  hard,  sometimes  soft  and  friable.  These  areas  are  not 
infrequently  surrounded  by  an  irregular  gray  zone  of  tubercle  tissue  or 
by  a  dense  fibrous-tissue  capsule. 

2.  In  marked  contrast  with  the  phase  of  diffuse  tuberculous  inHnm- 
mation  just  described,  though  oHen  associated  with  it,  is  that  inwhith 
the  formation  of  inflammatory  exudates  is  a  prominent  feature.  Thb 
exudative  form  of  tuberculous  inflammation  is  best  exemplified  in  the 

rio.  H8.— Eii'DATrvE  Form  or  Tiberci loib  iNrLAWMATCoN  Showing  Tibbsck  B.aui. 
From  Ihc  luDf  of  b  child.     The  nJie  of  the  bncilN  has  been  slJahlly  exgwenitvd  ia  Ibe  nil. 

lungs  by  some  of  the  forms  of  acute  phthisis  (see  p.  627).  The  tuber- 
cle bacillus  is  under  certain  conditions  markedly  pyogenic,  and  when 

it  rapidly  develops  in  the  air  spaces  of  the  lungs  or  suddenly  gains  acc(^ 

to  them  in  large  quantities  pus,  serum,  fibrin,  and  exfoliated  or  pro- 
liferated epithelial  cells  may  collect  in  and  largely  fill  the  air  space*, 

and  then  the  whole  new  exudate  and  the  old  lung  tissue  may,  ovor 
larger  or  smaller  areas,  rapidlv  undergo  coagulation  necrosis.  (Plates 
VIII.  and  X.) 

Thus  in  one  phase  of  tuberculous  inflammation  the  intensity  and 
rapidity  of  the  local  poisoning  by  the  bacillus  do  not  permit  of  the 
formation  of  organized  new  tissue  at  all,  but  only  of  exudative  prwluris 
which  are  apt  soon  to  become  necrotic  {Fig.  149).  Less  intense  dejireef 

of  exu<lative  inflammation  are  liable  to  develop  in  the  vicinity  of  ndlian" 
tubercles  anywhere  in  the  body. 
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Cbaraclera  of  Ihe  Tubercle  Bacillus. 

The  BacilluH  tuberculosis  is  a  long,  slender  bacterium  varying  in  length  from  2  to 
4  n  (from  one-quarter  to  one-half  the  diameter  of  a  red  blood  cell)  and  in  breadth  from 
0.2  to  0.5/1.  It  is  frequently  more  or  less  curved,  and  the  individual  bacilli  may  cling 
together  end  to  end,  forming  threads  or  chains.     It  may  occur  in  branching  forms.' 

The  bacillus  (Fig,  150)  is  stained  with  difficulty  by  the  anilin  dyes  (see  below),  and 
when  stained  often  presents  an  irregular  beaded  or  knobbed  appearance,  due  to  an 
unevenness  in  the  coloring  of  the  protoplasm,  or  to  involution  changes.  It  is  immobile, 
and  spores  have  not  been  demonstrated  in  it. 

At  the  temperature  of  the  body  it  can  be  grown  on  many  of  the  artificial  culture 
media.  Thegrowthof  the  tubercle  bacillus  in  culture.*  is  very  slow  in  comparison  with 

that  of  most  of  the  pathogenic  micro-organisms.     After  several  weeks'  growth  it  forms 

t- 

^§ 

Flo.  150,— Tut 

dry,  scaly  masses  or  thin,  wrinkled  pellicles  on  the  surface  of  the  media  (Figs.  151  and 
152.)  It  requires  a  certain  amount  of  oxygen  for  its  growth,  and  thrives  beiit  in  the 
dark. 

When  brought  in  direct  contact  with  various  chemical  disinfectanta  it  is  readily 
killed,  but  when  enclosed  in  mucus,  as  in  sputum,  it  may  be  quite  resistant,.  It  is 
killed  by  an  exposure  of  a  few  hours  to  direct  sunlight,  or  if  moist  is  killed  by  an  ex- 

posure of  from  ten  to  fifteen  minutes  to  70°  C.  On  the  other  hand,  it  may  long  retain 
its  vitality  in  the  dried  conditli)n,' 

Cultures  can  be  continued  indefinitely  from  generation  to  generation  with  a  slowly 
diminishing  virulence  which  finally  is  largely  lost.  Under  certain  conditions  the 
virulence  may  be  restored  or  enhanced  by  successive  inoculations  into  susceptible 
animals. 

The  tubercle  bacillus  doeK  not,  so  far  as  we  know,  grow  in  nature  outside  of  the 

-culltil  streptolhrix  or  i 

iilered  in  a  ctnss  by  then 
may  wiaeLy 

For  studies  and  bihliograpby 
xui,.  p.  IS,1,  INOS:  and  J.-ubnrnrh . 

'  For  a  study  of  the  viability  - 

Ti  fmiuently  seeu,  and  while  thoiT  aiirnifiFance 
tt>  xcparale  this  orgnnism  with  the  dipbthcria 
n  forms  into  a  «njup  called  bichcr  biwlcria. 
the  moulds  than  to  the  bacteria,  or  wbplbcr, 
I  pmblcm  still  unsolved.     For  the  piewnt,  we 

!t  tirhuUf.  Zritsc-b.  f.  Hyg.  u.  Inf.  Krank.,  Bd. 

(  see  fio«™ou,  Hj-K.  r,ab,  l",  S.  Mnr.  Hnsp.  i^ei. 
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bodies  of  men  and  certain  warm-blooded  animals.     It  is  thus  apparently  strictly 

parasitic. 
Inoculation  of  various  animalH,  especially  of  guinea-piga,  rabbits,  and  monkeys, 

may  be  followed  by  lesions  similar  to  those  of  man. 

Methods  of  Staining  the  Tubercle  Bacillus. 

In  Fluids. — For  the  examination  of  fluids,  such  as  sputum,'  etc.,  the  material 
should  be  spread  in  a  thin  layer  on  a  cover-glass,  dried  in  the  air,  and  then  passed  thrice 
through  the  flame  (see  p.  143). 

While,  as  has  been  said  above,  the  tubercle  bacillus  is  stained  much  less  easily  with 
the  anilin  dyes  than  are  most  bacteria,  it  can  be  deeply  colored  by  the  use  of  accesBory 

agents  which  intensify  the  stains  or  render  the  protoplasm  of  the  bacilli  more  accessi- 
ble to  them.  But  when  once  stained  the  tubercle  bacillus  clings  with  great  tenacity  to 

its  color  in  the  usual  decolorizing  agents. 
;  ̂A  variety  of  methods  are  in  vogue  for  staining  the  tubercle  bacillus,  most  of  them 

being  more  or  leas  unessential  modihcatlons  of  the  original  process  formulated  by  Koch 

and  Ehrlich.  Ziehl's  solution  is  among  the  most  useful.  This  is  made  by  adding  to  a 
five-per-cent.  aqueous  solution  of  carbolic  acid  about  one-tenth  its  volume  of  saturated 
alcoholic  solution  of  fuchsin.    This  carbolic  fuchsin  will  keep  unchanged  for  a  long 

Jurini  several  hours,  iDCludiua  th 
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The  prepared  cover-glass  is  floated  in  a  watch-glass  or  porcelain  capsule — speci- 
men side  down — on  this  coloring  fluid,  and  gently  heated  almost  to  boiling  for  from 

three  to  five  minutes. 

The  entire  specimen  is  thus  completely  stained,  tubercle  bacilli,  tissue  elements, 
and  other  bacteria  which  may  be  present,  all  in  the  same  way.  The  next  step  is  to 
remove  the  color  with  acid  from  all  the  structures  which  may  be  intermingled  with 
the  tubercle  bacilli;  the  latter,  owing  to  the  tenacity  with  which  they  retain  the  color, 
being  but  slightly  affected.  This  is  done  by  dipping  the  cover-glass  into  an  aqueous 
or  alcoholic  solution  of  five-per-cent.  sulphuric  acid,  and  shaking  it  about  for  a  few 
seconds.  Under  the  influence  of  the  acid  the  specimen  on  the  cover-glass  loses  its  red 
color  and  becomes  gray  or  colorless.  It  is  then  thoroughly  rinsed  in  three  or  four  suc- 

cessive portions  of  alcohol,  and  finally  in  water.  By  this  manipulation  the  red  color 
may  be  to  a  slight  extent  restored. 

Care  should  be  taken  not  to  expose  the  specimen  too  long  to  the  action  of  the  acid, 
because  then  the  bacilli  may  be  also  partially  or  completely  decolorized.  A  little 
experience  will  enable  the  experimenter  to  judge  of  the  proper  time  for  the  action  of 
the  acid.  The  specimens  may  be  studied  in  water  with  the  use  of  an  oil  immersion 
lens  and  the  Abbe  condenser,  or  they  may  be  dried  in  the  air  and  mounted  in  balsam 
before  examination. 

Inasmuch  as  not  infrequently  some  other  bacteria  besides  the  tubercle  bacilli 
retain  a  slight  red  color,  it  is  well,  after  the  specimen,  is  rinsed  in  water,  to  float  the 
cover-glass  for  a  few  minutes  in  a  dilute  aqueous  solution  of  methylene  blue,  which  will 
replace  the  red  color  in  all  of  the  bacteria  except  the  tubercle  bacilli,  which  might 
be  mistaken  for  it,  forming  a  marked  color  contrast  between  them.  The  contrast  stain 
should  not  be  intense. 

Pappenheim's  Method. — After  staining  in  the  hot  carbol-fuchsin  as  above,  im- 
merse the  specimen  without  washing  in  the  following  solution:  1  per  cent,  alcoholic 

solution  rosolic  acid  saturated  with  methylene  blue,  adding  20  per  cent,  of  glycerin. 
In  this  method  of  staining  the  tubercle  bacilli  are  red,  while  smegma  bacilli  (see  p. 
267),  are  blue. 

In  Sections. — Thin  sections  of  tuberculous  tissue  which  has  been  hardened  in 
alcohol  are  stained  in  the  same  way,  except  that  instead  of  drying  and  fixation  by  heat 
the  sections  should  be  fixed  to  the  cover-glass  by  means  of  the  albumen  fixative  (see 
p.  1034),  and  then  cover-glass  and  section  are  manipulated  together. 

When  differentiation  is  complete,  the  section  is  cleared  in  oil  of  origanum  and 
mounted  in  balsam. 

For  purposes  of  simple  recognition  of  the  bacilli  in  sections  it  seems  to  the  writer 
usually  better  to  have  no  color  in  the  preparation  other  than  that  which  the  tubercle 
bacilli  possess.  But  it  is  often  convenient  to  demonstrate  the  nuclei  of  the  cells  at  the 
same  time,  and  this  may  be  accomplished  by  staining  lightly  afterward  with  a  dilute 
solution  of  some  color  which  will  contrast  with  that  of  the  bacilli,  such  as  methylene 
blue. 

In  the  examination  of  urine  for  the  presence  of  the  tubercle  bacillus  it  is  well  to 
collect  the  sediment  by  means  of  a  centrifugal  machine.  In  the  examination  of  milk 
or  other  fat-containing  fluids  for  tubercle  bacilli,  it  is  well,  after  the  film  has  been 
formed  upon  the  cover-glass  and  before  staining,  to  rinse  with  chloroform  followed  by 
alcohol,  and  this  by  water. 

Occasionally  one  finds  in  urine  acicular  crystalline  bodies  considerably  resembling 
the  tubercle  bacillus  in  size  and  shape,  and  retaining  a  red  color  after  the  decolorization 
of  the  specimen.     A  careful  study  of  the  form,  however,  will  suflace  to  prevent  mistakes. 

The  only  other  bacilli  which  are  liable  to  be  mistaken  for  the  tubercle  bacilli  are 
the  bacillus  of  leprosy  and  the  so-called  smegma  bacillus  which  sometimes  occurs  be- 

neath the  prepuce.  The  lepra  bacillus  may  be  distinguished  from  the  tubercle  bacillus 
by  the  following  differential  staining  process:  If  the  lepra  bacillus  be  stained  for  ten 
minutes  in  a  dilute  alcoholic  solution  of  fuchsin  (five  drops  of  saturated  alcoholic  solu- 

tion of  fuchsin  to  3  c.c.  of  water),  and  then  rinsed  for  a  few  seconds  in  a  solution  of 
nitric  acid  (one  part)  in  alcohol  (ten  parts),  it  will  retain  a  red  color,  while  under  the 
same  treatment  the  tubercle  bacillus  remains  uncolored.  For  differential  stains  for 
the  smegma  bacillus  see  p.  267. 
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Antiformin  in  Sputum  Examinations. — Antiformin  is  a  patented  preparation 
containing  sodium  hydroxide  and  sodium  hypochlorite.  When  piixed  with  sputum 
in  such  proportion  that  the  antiformin  is  present  in  about  15  per  cent,  the  sputum  is 
softened  and  most  bacteria  except  the  tubercle  bacilli  are  killed.  After  the  softening 
of  the  sputum  it  is  diluted  with  water  or  alcohol  and  spun  in  the  centrifuge,  the  sedi- 

ment gathered  and  respun,  the  final  sediment  is  used  for  smears  and  stained  in  the 

usual  way.  By  the  use  of  antiformin  and  centrifugation  a  ** concentrate"  of  the 
bacilli  from  sputum  may  be  secured  for  diagnostic  inoculation  of  guinea-pigs. 

Varieties  of  Tubercle  Bacilli. 

While  many  of  the  lower  mammalia  are  susceptible  to  inoculations  with  tubercle 
bacilli  derived  from  man,  the  bacilli  obtained  from  spontaneous  tuberculous  lesions  in 
the  lower  animals  may  present  noteworthy  variations  in  form  and  growth  from  the 

human  type.  Thus  Theobald  Smith  and  others*  have  pointed  out  marked  peculiarities 
of  the  bovine  bacillus  which  would  lead  to  the  conjecture  that  though  not  a  separate 
species  it  is  probably  a  distinct  variety  of  the  organism.  Although  the  cultural  char- 

acters of  the  bovine  bacillus  seem  to  suffice  for  its  distinction  from  the  human  variety, 

man,  especially  children,  appears  to  be  susceptible  to  the  bovine  organism.*  Theobald 
Smith  has  determined  that  the  bovine  bacillus  is  in  general  more  highly  pathogenic 
for  mammals  than  is  the  human  variety. 

Still  more  marked  are  the  differences  between  mammalian  and  avian,  or  bird  tuber- 
cle bacilli,  and  the  tubercle  bacilli  of  fish.  Whether  in  this  case  also  the  differences 

are  to  be  regarded  as  specific  or  within  the  limits  of  variational  sway  is  not  yet  clear. 
Although  the  subject  is  important  from  the  standpoint  of  prophylaxis  and  interesting 
from  the  point  of  view  of  the  variations  of  bacteria  under  changes  of  environment, 
the  attempts  by  experimental  means  to  convert  one  form  into  the  other  have  thus  far 
been  too  few  to  lead  to  definite  conclusions. 

Toxic  Products  of  Tubercle  Bacilli. 

While  there  is  evidence  that  some  soluble  toxic  substances  are  given 
off  from  the  tubercle  bacillus  in  its  growth  and  activities,  it  is  to  its 
endotoxins  that  its  chief  poisonous  capacities  seem  to  be  linked. 

It  has  been  found  that  tubercle  bacilli  which  have  been  killed  bv 

boiling  or  otherwise,  when  introduced  into  the  body  of  the  rabbit  either 
beneath  the  skin,  or  into  the  serous  cavities,  or  into  the  blood-vessels 
and  the  air  spaces  of  the  lungs,  are  capable,  as  they  slowly  disintegrate, 
of  stimulating  the  cells  of  the  tissues  where  they  lodge  to  proliferation, 
and  to  the  production  of  new  tissue  morphologically  similar  to  tubercle 

tissue  in  its  various  phases^  (Fig.  153).  Necrosis  of  the  new-formed 
cells  may  occur,  but  this  differs  in  some  respects  from  the  coagulation 
necrosis  induced  under  the  usual  conditions.  Dead  tubercle  bacilli 

are  also  markedly  chemotactic  and  capable  of  causing  local  suppuration 
and  abscess. 

»  See  Smith,  Jour.  Mod.  Res.,  vol.  xiii..  p.  253,  1905;  also  Wolbach  and  Ernst,  Jour,  of  Med.  Re- 
search, vol.  X.,  190.S,  p.  .313,  bibl.;  also  Rnvenel,  Medicine.  July  and  August,  1902;  see  abo  reference  to 

Ravcnel,  p.  266. 
2  See  ref.  1,  p.  266. 

'  For  further  details  concerninK  the  eflTccts  of  dead  tubercle  bacilli  in  the  body  see  Prudden  and 
Hoflenpyl,  V.  V.  .Med.  Jour..  June  6th  and  20th.  1S91.  and  Prudden,  ibid..  Dec.  5th,  1891.  Forsummary 

of  later  work,  with  biblioRraphy.  .see  Hcrxhfimer,  Ziegler's  Beitr.,  Bd.  xxxiii.,  p.  363;  also  Miller, 
Jour.  Path,  and  Bact.,  vol.  x.,  p.  351,  1905,  bibl. 
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It  would  seem  probable  then  that  while  the  power  of  the  tuberele 
bacillus  to  induce  necrosis  and  the  fever  which  in  many  eases  indicates  a 
systemic  intoxication  may  be  due  to  metabolic  products  of  the  living 

germ,  the  local  lesions  characteristic  of  exudative  and  productive  inflam- 
mation may  be  due  to  a  peculiar  bacterial  proteid  which  is  set  free  by 

the  disintegration  of  the  bacilli  in  the  tissues.  But  the  products  of 
autolysis   in  the  necrotic  tissue  cells  may  contribute  to  the  toxaemia. 

Agglullnatiiig  SubBMnces. 
tulierculouB  animals  and  me 
vever,  freiiuently  fails  and  J! 

Tuberculia. 

When  the  tubercle  Ijacillus  is  grown  on  glycerinated  nutrient  broth  certain  meta- 
bolic products  are  formed  and  pass  into  solution  in  the  fluids.  If  after  some  weelcs  of 

vigorous  growth  the  germs  are  separated  by  filtration  and  the  broth  is  concentrated 
by  evaporation,  a  dark  brown  fluid  results  which  is  called  (ubercufin.  This  substance 
— at  one  time  believed  by  many  and  still  by  a  tew  ob.servers,  to  possess  distinct  cura- 

tive properties  in  certain  forms  of  tuberculosui — has  assumed  great  economic  impor- 
tance on  account  of  its  \alue  as  a  diagnostic  agent  in  bovine  tuberculosis.  For  if 

administered  ^ubcutaneouslv  in  small  quantity  to  cattle  a  marked  temperature  re- 
action follows  in  tuberculoui  animals,  while  those  which  are  sound  are  unaffected. 

The  existence  ot  e\en  leri  slight  le-ions  mav  be  detected  in  this  way.  In  man  also 
lubercuhn  has  proved  of  nlue  in  cases  m  which  the  efforts  to  establish  a  diagnosis 
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by  the  usual  method  have  failed.     The  new  tuberculin  **T.  R."  contains  the  dead 
bodies  of  tubercle  bacilli.^ 

Immunity  and  Therapeutic  Use  of  Tuberculin  in  Tuberculosis. 

The  fact  that  so  large  a  percentage  as  from  sixty  to  ninety  of  human  beings  dying 
from  all  causes  have  been  shown  by  autopsies  to  have  been  at  some  period  and  in 
some  measure  affected  with  tuberculosis,  while  the  mortality  from  tuberculosis  as  com- 

pared with  death  from  all  other  causes  is  not  far  from  fourteen  per  cent,  indicates 
that  man  enjoys  a  marked  degree  of  natural  immunity  to  the  incursions  of  the  tubercle 
bacillus.  The  clinical  data  are  not  very  convincing  as  to  the  acquirement  of  increased 
immunity  after  successfully  coping  with  the  disease.  However,  experiments  on 
animals,  those  of  Trudeau  and  others,  have  shown  that  by  the  repeated  inoculation 
of  small  doses  of  tubercle  bacilli  of  attenuated  virulence,  rabbits  may  be  largely  pro- 

tected, though  not  rendered  wholly  immune,  from  the  full  effect  of  later  injections  of 
virulent  bacilli.  Behring  has  apparently  succeeded  by  intravenous  injections  into 
young  cattle  of  some  product  or  derivative  of  the  tubercle  bacillus  in  rendering  them 
highly,  and  it  is  claimed  permanently,  immune.  Similar  results  have  been  obtained 

by  others.' Many  attempts  have  been  made  to  secure  artificial  immunity  in  man  either  by 
the  injection  of  products  of  the  growth  of  the  tubercle  bacillus,  or  by  the  use  of  the 
dead  l>odies  of  the  bacilli.  Wright  and  his  followers  have  reported  marked  success  in 

the  use  of  a  form  of  tuberculin  called  new  tuberculin  or  **T.  R., "'  which  contains  the 
bodies  of  the  dead  bacilli,  especially  in  localized  tuberculosis.  This  is  administered  in 

accordance  with  the  indications  of  a  rise  or  fall  of  the  * '  opsonic  index  "  of  the  serum  (see 
p.  187),  determined  by  the  degree  of  phagocytosis,  the  opsonic  index  marking  the 
immunizing  effect  of  the  injection.  Trudeau  seems  also  to  have  obtained  favorable 

results  from  the  artificial  immunization  with  the  dead  bodies  of  the  bacilli,  **T.  R.," 
controlling  the  administrations  of  the  very  potent  agent  by  careful  clinical  observa- 
tions. 

Altogether,  then,  it  appears  that  a  certain  measure  of  active  artificial  immunity  to 
tuberculosis  may  be  secured  in  man.  Attempts  to  secure  passive  immunity  in  tubercu- 

losis by  alleged  antitoxic  sera  do  not  seem  to  have  been  notably  successful.* 

Complex  Factors  in  the  Tuberculous  Process. 

It  is  well  in  studying  the  characters  of  tuberculous  inflammation  to  remember 
that  in  its  progressive  phases  there  are  two  factors  at  work:  first,  those  which  lead 
to  cell  proliferation  and  new  tissue  formation,  which  is  apparently  a  reparative  and 
conservative  process;  second,  those  which  are  inhibitory  or  damaging  or  destructive; 
and,  finally,  that  both  sets  of  factors  are  commonly  active  together.  It  may  still 
be  considered  doubtful  whether  the  tubercle  bacillus  furnishes  a  direct  formative 

stimulus,  or  whether  such  is  furnished  by  damaged  cells,  or  whether  the  cell  pro- 
liferation may  not  be  an  expression  of  reparative  activity  in  the  presence  of  damaged 

tissue  made  possible  by  disturbed  organic  control  (see  p.  351).  In  any  event  the 
new  tissue  which  forms  under  the  influence  of  the  tubercle  bacillus  apparently  owes 
its  morphological  as  well  as  biological  characteristics  to  impulses  toward  tissue  forma- 

tion w4iich  are  exerted  in  the  presence  of  agencies — doubless  poisons — restraining 
within  narrow  bounds  the  new  connective-tissue  growth,  no  matter  how  extensive  or 
persistent  this  may  be,  and  tending  constantly  to  its  destruction. 

1  For  'risum^  of  forms  of  tuberculin  and  details  of  diagnostic  tests  see  Hi»»  and  Zinsser,  Text- 
Book  of  Bacteriology,  p.  4S5,  or  works  on  clinical  diagnosis. 

2  See  review  of  animal  immunization  against  tuberculosis,  Pearson,  Second  Ann.  Kept,  of  thePhippa 
Inst.,  p.  311,  1905. 

'For  a  r^sunU  of  various  tuberculin  preparations,  see  Hiss  and  Zinsser,  "Text-book  of  Bacteri- 
ologj',  "1909,  p.  4S5. 

<  See  for  the  bearing  of  the  parasitism  of  the  tubercle  bacillus  on  infection  and  immunity  Th,  Smith, 
Jour.  Am.  Med.  Assn.,  Apr.  28,  1906. 
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It  is  interesting  in  this  connection  to  note  that  when  lesions  in  many  respects 
similar  to  those  of  the  ordinary  tuberculosis  are  induced  experimentally  in  animals 
with  dead  tubercle  bacilli  (see  above),  the  poisonous  substances  leading  to  necrosis 
are  not  produced  continually  and  for  indefinite  periods,  as  is  the  case  in  infection 
with  living  bacilli,  but  are  soon  exhausted,  so  that  after  a  certain  amount  of  initial 
necrosis  the  new  tissues  go  on  to  develop  in  the  usual  reparative  way,  blood-vessels 
are  formed,  and  healing  by  a  cicatrix  under  favorable  conditions  regularly  takes  place. 
It  is  probable  that  effective  healing  in  tuberculosis  in  man  takes  place  only  after 
the  local  production  of  destructive  poison  ceases  through  the  death  and  completion 
of  the  lysis  or  the  diminished  virulence  of  the  tubercle  bacilli  present. 

On  the  other  hand,  it  is  important  to  bear  in  mind  that  while  the  formation  of 
new  cells  and  tissue  on  the  part  of  the  body  in  tuberculosis  marks  a  protective  adapta- 

tion to  new  and  harmful  conditions,  the  tubercle  bacilli  themselves  are  also  subject  to 
adaptive  changes  which  on  their  side  are  protective.  Thus  through  what  has  been 
called  selective  adaptation  of  both  host  and  microbe  a  condition  of  balanced  para- 

sitism may  be  brought  about  in  which  there  may  be  a  reduced  mortality,  but  not  a  re- 
duced morbidity,  since  in  the  processes  of  adaptation  the  microbe  has  won  capacities 

for  harm  which  may  be  very  potent  and  significant  in  individuals  not  adapted  to  it.^ 

The  Number  of  Tubercle  Bacilli  in  Lesions. 

The  number  of  bacilli  which  are  present  in  the  lesions  of  tuberculosis 
is  subject  to  great  variation.  They  are  usually  abundant  in  the  walls 
and  contents  of  phthisical  cavities,  and  in  tubercle  tissue  which  is  under- 

going cheesy  degeneration  and  disintegration.  In  these  situations  they 

may  be  found  in  myriads,  forming  sometimes  a  large  part  of  the  disin- 
tegrated mass.  They  are  found  in  cells  and  scattered  among  them. 

Sometimes  they  are  present  in  considerable  numbers  in  the  giant  cells  of 
miliary  tubercles.  In  the  acute  general  tuberculosis  of  children  they 
are  often  present  in  large  numbers,  particularly  in  the  lungs  (Fig.  149). 
They  may  be  found  in  tuberculous  inflammation  in  any  part  of  the  body, 
and  have  been  seen  in  the  blood.  The  bacilli  are  almost  constantly 

discharged  in  the  sputa  of  patients  suffering  from  pulmonary  tubercu- 
losis, often  in  enormous  numbers — from  one  to  four  billion  in  twenty- 

four  hours,  according  to  Xuttall's  estimate — and  their  presence  some- 
times affords  valuable  diagnostic  aid  in  early  stages  of  obscure  forms 

of  the  disease. 

Under  a  variety  of  conditions,  especially  in  the  older  tuberculous 
lesions,  the  bacilli  may  not  be  demonstrable.  This  apparent  occasional 
absence  of  the  bacilli  is  probably  due  either  to  their  disappearance  as 
the  process  grows  older  or  to  some  unknown  changes  which  interfere 
with  the  ordinary  staining  procedures. 

Frequency  of  Tuberculosis  ix  Man  and  the  Lower  Animals. 

Tuberculosis  is  a  very  common  disease  not  only  of  man'  but  also  of 
many  of  the  lower  animals,'  especially  of  cattle,  and  inasmuch  as  the 

^  For  a  consideration  of  the  mutual  relationship  of  microbe  and  host  see  Th.  Smith,  Jour.  Amcr, 
Med.  Assn.,  April  28th.,  p.  1247,  1906. 

'  Carefully  prepared  statistics  show  that  tuberculous  lesions  are  present  in  the  body  in  more  than 
ninety  percent,  of  the  cases  examined  at  autopsies.  See  for  a  thorough  and  suRgestive  analysis  of  five 

hundred  autopvses  Naegeli.  Virchow's  Archiv,  Bd.  clx.,  p.  426,  1900;  also  Necker,  Verhl.  Deutsch.  Path. 
Ges.,  viii..  p.  129,  1904.  For  a  study  of  frequency  of  tuberculosis  in  children  see  Winkler,  Verhl.  Deut. 
Path.  Ges.,  viii.,  p.  129.  1904. 

*  For  bibliography  of  animal  tuberculosis  see  Eber,  Lubarsch  and  Ostertag's  "Ergebnlsse,"  Jahrg. 
iv.  for  1897,  p.  859. 
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victims  of  this  disease,  both  men  and  animals,  are  apt,  as  stated  above, 
to  throw  off  enormous  number*  of  the  bacilli  in  the  sputum  and  other 
excreta,  the  germ  is  widely  dispersed  in  inhabited  regions,  especially  in 
buildings  frequented  by  uncleanly  tuberculous  persons  or  by  infected 
cattle. 

Among  the  lower  animals,  guinea-pigs,  rabbits,  monkeys  in  confine- 
ment, and  cattle  are  particularly  susceptible  to  the  action  of  the  tubercle 

bacillus.  Although  tuberculosis  is  widespread  in  man,  he  is  not,  as 
compared  with  some  of  the  lower  animals,  particularly  susceptible. 
While  the  tuberculous  process  presents  some  differences  in  different 
animal  species  in  rate  of  development,  amount  of  necrosis,  tendency  to 
softening,  calcification,  etc.,  the  fundamental  effects  are  similar  in  man 
and  in  the  lower  animals. 

Portals  of  Entry,  Distribution  of  Lesions,  and  Sources  of  the 
Tubercle  Bacilli. 

Portals  of  Entry  and  Distribution. — The  question  of  the  chief  portals 
of  entry  of  the  tubercle  bacillus  has  given  rise  to  much  discussion  and 

much  experiment.  So  far  as  the  lungs  are  concerned,  in  which  tuber- 
culosis is  common,  it  has  been  assumed  that  infection  is  most  frequently 

direct,  the  bacilli  gaining  access  through  the  respiratory  passages  to 
the  alveoli.  Others  have  contended  that  lung  infection  is  most  often 
secondary  to  the  entrance  of  the  bacilli  through  the  gastro-inte^tinal 
canal  with  or  without  local  lesions.  Still  others  believe  that  tuber- 

culosis of  the  lung  is  commonly  secondary  to  tuberculous  lesions  of  the 
bronchial  lymph-nodes,  or  that  the  bacilli  may  enter  through  the  tonsils, 
or  that  they  often  enter  through  the  placenta.  To  the  advocates  of 
the  latter  views  the  blood-vessels  and  lymphatics  play  a  predominant 
r6le  in  the  distribution  of  the  infective  agents.^ 

While  it  is  probable  that  all  of  these  portals  of  entry  are  of  importance, 
it  would  seem  well  established  that  direct  inhalations  are  the  most 

frequent  occurrence,  while  entrance  through  the  intestinal  mucosa  is 

very  common,  especially  in  infancy.' 
We  may  assume,  then,  that  the  tubercle  bacillus  most  frequently 

enters  the  body  through  the  respiratory  organs,  including  tonsils  and 

pharynx,  and  through  the  gastro-intestinal  canal.     Traumatic  infection 

1  For  a  study  of  tubercle  bacilli  in  the  blood  see  Anderson,  Hyg.  Lab.  U.  S.  Mar.  Hosp.  Ser.  Bull., 
57.  1909. 

*  For  a  full  dwcujwioii  of  this  subject  see  Lubarsch,  Fortschr.  d.  Med.,  Bd.  xxii.,  pp.  669,  701,  1904. 
Consult  for  his  views  on  the  intestine  as  portal  of  entry  for  the  tubercle  bacillus.  Behring,  Deutwh. 
mcd.  Wochenschr.,  1903,  p.  689;  1904,  p.  193.  For  experimental  tuberculosis  in  young  guinea-pifCS 
with  reference  to  p>ortals  of  entry  see  Bartel  and  Spielfr,  Wiener  klin.  Woch.,  p.  155,  1905  and  p.  25, 
1908.  For  a  rdaumd  of  studies  on  the  tubercle  bacillus  and  ita  portals  of  entry,  Baumffarten,  Verhl 

Deut.  Path.  Ges..  Bd.  ix.,  p.  5,  1905;  Aufrecht,  "Pathologic  and  Therapie  der  Lungenschwindsucht/' 
Wien,  1908;  Ravenel,  Am.  Jour.  Med.  Sci.,  cxxxiv.,  469,  1907.  For  mode  of  tubercle-bacillus  infection 
in  young  see  Westenhoeffer,  Berl.  klin.  Woch.,  1904.  pp.  153  and  191.  For  intestinal  origin  of  pulmon- 

ary tuberculosis  see  Calmetle  and  Guerin,  Ann.  Inst.  Pasteur,  vol.  xix.,  p.  601,  1905  and  Calmdie, 
Medical  Record,  1908,  Ixxiv.,  741.  For  a  study  of  mode  of  infection  of  the  lungs  by  way  of  the  mouth 
and  pharj'nx  sec  Beitzke,  Virch,  Arch.,  Bd.  clxxxiv.,  p.  1,  1906. 
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through  the  skin  is  of  relatively  infrequent  occurrence,  as  is  apparently 

the  congenital  transmission.' 
In  adults  the  lungs,  in  children  the  bronchial  lymph-nodes,  are  the 

most  frequent  seat  of  tuberculous  lesions.^ 
Many  observations  on  the  occurrence  of  tuberculous  bronchial, 

cervical,  and  mesenteric  lymph-nodes  in  persons  exhibiting  no  appre- 
ciable tuberculous  lesions  elsewhere  would  indicate  the  frequency  of 

access  of  the  bacilli  to  the  lymph  channels  without  primary  lesion  at 

the  portal  of  entry  in  the  pharynx,  tonsils,  respiratory  passages,  intes- 

tinal mucosa,  or  elsewhere.'  A  considerable  percentage  of  persons  dying 
from  other  diseases  have  been  found  to  have  tuberculous  lesions  often 

healed  in  the  lungs  or  bronchial  lymph-nodes. 
Sources  of  Tubercle  Bacilli. — Tubercle  bacilli  are  frequently  trans- 

mitted to  the  well  from  the  victims  of  tuberculosis  by  means  of  the 
sputum  which  is  cast  off,  allowed  to  dry,  and  becomes  pulverized  and 
is  then  inhaled  as  dust. 

But  this  source  of  infection  is  perhaps  not  as  significant  as  was 
formerly  believed  from  analyses  of  material  gathered  from  walls  and 
floors  of  contaminated  rooms.  For  it  has  become  clear  that  not  all  the 

infectious  material  which  may  be  cast  out  of  the  body  as  sputum  is 

alw^ays  readily  and  speedily  transformed  into  dust.  In  the  drying  of 
the  mucus  with  which  much  of  this  material  is  mingled,  a  process  ordi- 

narily rather  slow,  the  bacteria  are  closely  imprisoned  so  that  only 
under  certain  conditions,  such  as  the  rubbing  and  beating  of  soiled 
clothing,  the  shuffle  and  tread  of  feet  over  contaminated  floors,  dry 
sweeping,  and  the  like,  is  the  excretion  sufficiently  comminuted  to  float 
in  the  air  as  dust.  p]ven  when  this  is  the  case,  it  has  been  found  that  a 
large  part  of  such  pulverized  excreta  is  still  in  too  large  particles  to 
remain  long  suspended  on  the  air. 

This  condition  of  affairs  was  not  appreciated  in  the  earlier  studies 

on  dust  infection,  and  in  many  instances  the  material  called  dust,  col- 
lected in  various  places  for  analysis,  was  evidently  not  in  such  form  as 

would  have  remained  long  in  suspension.  Thus  it  is  that  while  the 

earlier  identification  of  various  pathogenic  micro-organisms  in  the  dust 
of  rooms  was  correct,  the  inference  as  to  the  constant  risk  of  dust  infec- 

tion in  such  places  was  frequently  at  least  somewhat  overestimated. 

On  the  other  hand,  Fliigge  and  others'*  have  found  that  not  only  in 
sneezing  and  coughing,  but  also  in  ordinary  speech,  the  secretions 
of  the  nose,  mouth,  and  throat  may  be  cast  forth  in  considerable  quantity 
for  a  distance  of  several  feet,  not  only  in  the  form  of  visible  droplets, 

but  as  a  more  or  less  abundant,  invisible  spray,  which  may  remain  sus- 

*  For  a  study  of  placental  and  congenital  tuberculosis  see  Warthin  and  Cowie,  Jour.  Inf.  Dis., 
vol.  i.,  p.  140,  1904. 

'  For  studies  in  the  frequency,  localisation,  and  modes  of  dissemination  of  tuberculosis,  with 
special  reference  to  its  occurrence  in  the  lymph-nodes  and  during  childhood,  see  Harbitz,  Jour.  Inf.  Dis., 
vol.  ii.,  p.  143,  1905,  bibl.  For  a  study  of  localization  in  infants  and  young  children  sec  Wollstein^ 
Arch.  Int.  Med.,  iii.,  221,  1909. 

*  See  ref.  foot  note,  p.  592. 
*For  the  studies  of  Flugge  and  his  assistants  see  Zeitschr.  f.  Hygiene  u.  Infkr.,  vol.  xxx.,  1899, 

and  vol.  xxxviii.,  1901. 
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pended  for  from  half  an  hour  to  several  hours,  and  may  l)e  carried  for 

long  di.stanc'c»«  on  such  slowly  moving  air  currents  as  are  common  in 
inhabited  rooms. 

Thus,  fuUv  virulent,  infectious  material  mav  be  transmitted  directlv 
through  the  air  in  coughing  and  sneezing;  indirectly  through  dried 

infectious  sputum  ground  to  dust  and  floating  in  the  air.  Less  fre- 
quent is  the  conveyance  of  tubercle  bacilli  through  soiled  utensils. 

The  transmission  of  this  germ  through  contaminated  milk*  and  the 
meat  of  tuberculous  cattle'  is  a  mode  of  infection  of  great  importance, 
especially  the  use  of  contaminated  milk  by  young  children.' 

Whichever  way  the  tubercle  l)acilli  enter  the  body,  whether  directly  into  the 
lungH,  or  by  the  pharynx  or  tom*ils,  or  through  the  intestinal  mucosa,  or  in  rarer  cases 
through  woundH  or  through  the  placenta,  they  are  transported  by  the  blood-  and 
lymph-vessels  to  lymph-nodes  or  to  the  tissues,  where  they  lodge  and  grow  and  incite 
the  formation  of  tulwrcleij.  These  again  if  in  the  blood-  or  lymph- vessels,  when  they 
soften  and  set  the  bacilli  free  by  ulceration  into  the  channels,  afford  fresh  foci  of  dis- 

tribution. So  that  in  cases  of  disseminated  tuberculosis  the  process  of  distribution 
is  more  or  less  gradual.  In  the  meantime  the  progress  of  the  lesions  dependent  in  their 
topoi^raphy  upon  the  fortuitous  character  of  the  distribution  of  the  infective  agent  is 
marked  by  the  protective  adaptation  of  the  body-cells  expressed  by  the  formation  of 
the  tul)ercles  and  the  development  of  immunizing  substances;  while,  on  the  other 

hand,  the  bacillus  itself  is  undergoing  these  adaptative  modifications  of  its  own  bio- 
lofpcal  characters  which  are  expressed  in  what  we  call  its  virulence. 

Statistics  show,  as  we  have  seen,  that  in  the  majority  of  cases  in  man  the  pro- 
tective agencies  of  the  body  suffice  to  localize  the  lesions,  surround  the  bacilli  by 

necrotic  masses  in  which  they  do  not  flourish,  or  enclose  them  in  a  fibrous  envelope. 
Thus  it  appears  that  it  is  largely  the  chances  of  a  wide  or  a  continued  distribution  of 
the  infective  agent,  or  an  unusual  susceptibility  of  the  host  or  exalted  virulence  of  the 
bacilli,  or  the  occurrence  of  fresh  infection,  that  makes  tuberculosis  now  and  then  so 
formidable  a  maladv  to  man. 

While  it  is  not  impossible  that  future  research  may  lead  to  the  development  of 
effective  methods  of  artificial  immunization  to  tuberculosis,  it  is  to  preventive  meas- 

ures that  we  must  look  for  the  largest  success  in  the  suppression  of  this  scourge  of  the 
human  race.  By  proper  disposal  of  the  sputum;  by  providing  against  adrial  disper- 

sion of  infective  material  through  unguarded  coughing  and  sneezing;  and  by  such  intelli- 
gent methods  of  cleaning  and  disposal  of  dust  as  shall  safeguard  the  respiratory  organs; 

together  with  an  enlightened  supervision  of  the  supplies  of  meat  and  milk,  it  should 
be  possible  even  in  crowded  communities  largely  to  reduce  both  the  morbidity  and 
the  mortality  of  tul>erculo8is. 

COXCURREXT    IXFECTIOX    IX    TUBERCULOSIS. 

A  concurrent  infection  with  the  tubercle  bacillus  and  the  pyogenic 

micro-organisms  is  of  extreme  significance  in  that  phase  of  tuberculous 

'  Many  cases  of  infection  of  human  heinss.  especially  children,  with  bovine  bacilli,  have  been 
reported  and  in  chihlren  abdominal  tuberculosis  and  tuberculosis  of  the  cervical  lymph-nodes  is  most 
frequent.  Park  estimates  that  about  10  per  cent,  of  tuberculosis  in  children  under  five  years  is  due  to 

bovine  infection.  See  for  tables  of  observations,  Par^•  and  H't7/iam»,  "Pathogenic  Bacteria,"  p.  323, 
1910,  and  for  comprehensive  study  of  bovine  and  human  types  of  tubercle  bacilli.  Park  and  Krumxriede, 
Jour.  Med.  Res.,  xxiii,  205,  1910;  see  also  Lewis,  Jour.  Exp.  Med.,  xii.,  82,  1910. 

2  See  Kober.  Araer.  Jour.  Med.  Sc,  vol.  cxxvi.,  1903.  p.  684,  bibl.  For  the  intercommunicability 
of  human  and  bovine  tuberculosis  see  Ravenrl,  Proc.  Path.  Soc.  Philadelphia,  May,  1902;  also  r^surn^  by 
Bovaird,  Med.  Record,  vol.  Ixvii.,  p.  283,  1905. 

F'or  a  study  of  tubercle  bacilli  on  books  see  Mitulescu,  Zeitschr.  f.  Hygiene  u.  Infkr.,  Bd.  xliv.,  p. 
397,  1903. 

'  For  a  study  on  flies  and  tuberculosis  see  l^rd.  Boat.  Med.  and  Surg.  Jour.,  vol.  cli.,  p.  651,  1904. 
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inflammation  of  the  lungs  commonly  called  phthisis.*  While  the  so- 
called  cold  abscesses  may  be  caused  by  the  tubercle  bacillus  alone,  this 
germ  is  not  infrecjuently  found  under  these  conditions  to  be  associated 
with  other  pyogenic  micro-organisms,  especially  the  streptococcus  and 

staphylococcus.' 

Bacteria  Resembling  the  Tubercle  Bacillus. 

There  are  several  species  of  bacteria  which  after  deep  staining  resist  the  decoloriz- 

ing action  of  dilute  acids.  These  have  been  called,  collectively,  "acid-resisting"  or 
acid-proof  bacteria.'     We  shall  consider  only  two  of  these. 

The  Smegma  Bacillus. — This  organism  is  often  present  and  sometimes  in  large 
numbers  in  the  preputial  smegma  and  elsewhere  about  the  external  genitals,  ft  so 
closely  resembles  the  tubercle  bacillus  in  size,  shape,  and  staining  reactions  that  it  is 
liable  by  morphological  examinations  alone  to  be  mistaken  for  it.  It  has  been  culti- 

vated on  artificial  media  and  is  not  pathogenic.  The  smegma  bacillus,  when  stained  as 
above  recommended  for  the  tubercle  bacillus,  resists  the  decolorizing  action  of  the 
acid;  but  it  is  usually  decolorized  by  prolonged  exposure  to  alcohol,  thus  differing 
from  either  the  tubercle  bacillus  or  the  leprosy  bacillus.  But  this  color  reaction  is  not 
certain;  individual  bacilli  not  infrequently  remain  unstained.  Various  special 

methods  for  differentiation  have  been  suggested.*  In  doubtful  cases,  and  when 
serious  operative  procedures  are  dependent  upon  the  bacterial  diagnosis,  recourse 
should  be  had  to  animal  inoculations. 

The  **Hay  Bacillus." — This  resembles  the  tubercle  and  smegma  bacilli  in  form 
and  staining  peculiarities.  It  is  called  the  "  hay  bacillus  "  or  "  grass  bacillus  "  because 
of  its  common  occurrence  upon  grass-heads  in  the  fields.  It  is  not  pathogenic  and  is 
readily  cultivated. 

Similar  organisms  have  been  frequently  found  in  milk  and  butter,  also  in  the 
sputum  in  gangrene  of  the  lung. 

Lupus  and  Other  Forms  of  Tuberculosis  of  the  Skin. 

Local  tuberculous  inflammation  of  the  skin  may  occur  in  the  form  of  small  nodules 
or  wart-like  thickenings,  as  the  result  of  accidental  inoculation.  Local  skin  infection 
may  occur  about  the  orifices  of  the  body  in  tuberculous  persons  from  contact  with 
secretions  or  excretions  containing  the  tubercle  bacilli,  or  about  sinuses  leading  to 
tuberculous  abscesses,  joints,  etc.,  or  in  the  vicinity  of  tuberculous  lymph-nodes. 

A  chronic  form  of  tuberculous  inflammation  which  presents  special  clinical  features 
has  long  been  known  under  the  name  of  lupus. 

Lupus. — This  form  of  inflammation  most  frequently  occurs  in  the  skin  of  the  face, 
but  also  in  the  mucous  membrane  of  the  mouth,  pharynx,  conjunctiva,  vulva,  and 
vagina.  The  lesion  consists  of  small,  multiple  nodules  of  new-formed  tissue,  in  the 
cutis  or  mucosa  and  submucosa.  By  the  formation  of  new  nodules  and  a  more  diffuse 
cellular  infiltration  of  the  tissue  between  them  the  lesion  tends  to  spread,  and  by  the 
confluence  of  the  infiltrated  portions  a  dense  and  more  or  less  extensive  area  of  nodular 
infiltration  may  be  formed.  There  may  be  an  excessive  production  and  exfoliation  of 
epidermis  over  the  infiltrated  area,  or  an  ulceration  of  the  new  tissue. 

Microscopical  examination  shows  the  lesion  to  consist  of  small  spheroidal  cells  in- 
termingled with  variable  numbers  of  larger,  polyhedral  cells  and  cell  masses,  and  in 

1  See  Spengler,  Zeitechr.  f.  Hygiene,  etc.,  Bd.  xviii.,  p.  343,  1894,  bibliography.  See  reference  to 
Prudden,  p.  631. 

*  For  a  study  of  the  simultaneous  occurrence  of  tuberculosis  and  cancer  see  Weinberg,  Mtinch. 
med.  Wochenschr.,  p.  1473,  1906. 

*  See  for  rd8um4  and  bibliography  Abbott  and  Gilderttleeve,  Trans.  Assn.  Amer.  Phys.,  vol.  xvii.,  p. 
37,  1902;  also  Rosenberger,  Proc.  Path.  Soc.  of  Phila.,  Januarv',  1904. 

^Critical  review,  with  bibl.,  Dahms,  Jour,  Am.  Med.  Assn.,  vol.  xxxiv.,  pp.  983  and  1045,  1900. 
Ck>n9ult  also  Cowie,  Jour.  Exp.  Med.,  vol.  v.,  p.  205.  1900. 

For  the  method  of  Pappenheim,  which  is  said  to  be  more  reliable  than  the  alcohol  decolorization,  see 

p.  259. 
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many  cases  Riant  cells  (Fig.  lo4).  In  some  cases  a  well-marked  reticulum  is  present 
between  the  new  cells,  and  thewe  are  o(ten  grouped  in  masses  around  the  blood-vessels. 
In  some  cases  there  is,  without  previous  ulceration,  a  formation  of  new  connective  tis- 

sue in  the  diseased  area,  and  a  netl-marked  cicatrization;  in  other  cases  the  cells  and 
intercellular  substance  undergo  a  disintegration  which  leads  to  ulceration.  Tul>ercle 

bacilli  in  small  numbers  may  be  found  in  these  lesions.  In  the  clinical  group  of  dis- 
eases called  lupus  there  are  other  forms  of  lesion  which  are  not  incited  by  the  tubercle 

bacillus. 

BibUogr&ph;  of  Tuberculous. 

The  announcement  of  the  discovery  of  the  bacillus  tuberculosis  by  Koch  was  made 
in  the  Berliner  klin.  Wochenschrift.  1882,  No.  15.  A  most  elaborate  and  valuable 

article  on  the  same  subject  by  A'ocAiscontained  in  the"  Mittheilun)^n  aus  dem  Kaiser- 
lichen  Uesundhcitsamte,"  vol.  ii. 

The  abundant  literature  on  the  subject  of  the  tubercle  bacillus  which  has  accumu- 
lated since  1MS2  is  for  the  moat  part  scattered  through  the  German,  English,  and  French 

journals. 
An  excellent  critical  rfsumi  of  the  subject  by  Lartigau,  with  selected  bibliography, 

may  be  found  in  the  "Twentieth  Century  Practice."  vol.  xx. 
In  the  large  work  of  Straus,  "  La  Tubereulose,"  IS'JS,  the  experimental  aspects  of 

the  subject  are  fully  considered. 

In  the  work  of  Cornet,  '*  Die  Tubereulose,"  to(tether  with  the  general  and  clinical 
consideration  of  the  diseane,  the  modes  of  infection  and  prophylaxis  are  set  forth, 

with  bibliography.  Sea  also  Cornet  and  Mq/er,-  KoWe  and  Wassermann's  "Hand- 
buch  der  Mikroorganismen,"  Bd.  ii.,  p.  7S,  1902,  .-^n  excellent  summary  of  the  tu- 

bercle bacillus  and  its  biological  characters  is  in  Kollf  and  lletseh,  "Experimen telle 
Bacteriologie  und  die  Infect ionskrankheit en,"  IDOti. 
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LEPRA  (Lepros;). 

Leprosy  is  chftraptorizod  by  the  development  of  nodular  and  some- 
times diffuse  masses  of  tissue,  consisting  of  larger  and  smaller  cells  of 

various  shapes — ^spheroidal,  fusiform,  and  branched,  with  a  fibrous 
stroma — the  whole  somewhat  resembling  granulation  tissue.  The  new 
tissue  is  most  frequently  formed  in  exposed  parts  of  the  skin,  as  the 
face,  hands,  and  feet,  but  it  may  occur  in  the  skin  of  any  part  of  the 
body.  It  is  formed  more  rarely  in  the  subcutaneous  connective  tissue, 
in  intrafascicular  connective  tisstie  of  nerves,  in  the  viscera,  and  in  the 
mucous  membranes.  The  mucous  membranes  most  frequently  affected 
arc  those  of  the  eye,  nose,  mouth,  and  larynx.  The  nodules  may  be 
very  small  or  as  large  as  a  walnut,  and  may  be  single  or  joined  together 
in  groups  or  masses.  The  tissue  of  the  part  in  which  the  new  formation 
occurs  may  be  atrophied  and  replaced  by,  or  may  remain  intermingled 
with,  the  leprous  tissue,  or  it  may  be  hyperplastic.  The  noduics  may 
persist  for  a  long  time  without  undergoing  any  apparent  change,  or  they 
may  soften  and  break  down,  forming  ulcers;  but  ulceration,  except  in 
the  mucous  membranes,  is  said  usually  to  occur  as  the  result  of  injury 
or  unusual  exposure.  The  leprous  tissue  may  change  without  ulceration 
into  cicatricial  tissue,  or  cicatrization  may  follow  ulceration. 

Various  secondary  lesions  and  disturbances  of  nerve  function  are 
associated  with  the  formation  of  leprous  tissue  in  the  nerves  and  central 
nervous  system,  but  these  we  cannot  consider  here. 

In  all  the  primary  lesions  of  leprosy,  bacilli  are  said  to  be  present, 
mostly  in  the  cells,  and  particularly  in  the  larger  transparent  spheroidal 
forms,  but  sometimes  free  in  the  intercellular  substance.  The  bacilli 
have  been  found  in  the  skin,  mucous  membrane  of  the  mouth  and 
larynx,  in  peripheral  nerves,  in  the  cornea,  in  cartilage,  in  the  testicles, 
kidney,  liver,  and  in  the  blood  and  lymph-nodes.  Hometinies  the  cells 
contain  but  few  bacilli,  but  they  are  frc<iuently  crowded  with  them. 

Characters  of  the  Lepra  Bacilli. 

The  bacilli  are  from  4  to  6  /i  long  ami  very  slender.  Tliey  are  sometimes  pointed 
at  the  ends  and  somelinies  present  spheroidal  swellings  (Fig.  loo).  In  their  com- 

portment toward  stainin;;  agents,  as  well  as  in 
general  morpholugical  characters,  they  consider- 

ably resemble  the  fiacillus  tuberculo»l.«,  but  they 
are  more  readily  stained.  They  may  be  stained 
with  tuchsin  or  gentian  violet  by  the  ordinary 
method,  or  by  the  method  employed  for  staining 
the  tubercle  bacillus  (see  p.  258). 

Cultures  and  Pathogenesis.— VariouH  reports  fio.  IS5.— Tbe  Bacilli  of  Leprosy. 
of  success  in  the  artihcia)  cultivation  of  the  lepra  From  n  qoiIuIr  id  ihp  skin,  showina  the 
bacillus  have   been    made  but  confirmation  has  bncilli  fr™  nnd  within  celb. 
not  followed.     Quite   recently,  however.  Clegg' 
and  others  have  apparently  succeeded  in  securing  cultures  with  amfcbse,  and  their 
symbiotic  bacteria.  Finally  Duval'  records  his  success  in  pure  cultiires  and  his 
confirmation  of  the  work  of  Sugai  in  securing  positive  results  by  the  inoculation  of 
cultures  in  the  Japanese  dancing  mouse. 

'  Clfw.  Phillipine  Jour.  Sri,,  iv,  41V!,  190B:  alio  Currlr.  Brinci.rl.Bff,  nnd  Holimnn,  Pulilit  Health 
Repnrli.  U.  H,  .Mar.  Hoop.  Mor..  xxv..  lL7:t,  1010. 

I  Dacal.  Jour.  Exp.  .M<k1..  xii..  640,  1910. 
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The  structure  of  the  new  tissue  growth,  the  absence  of  coagulation 
necrosis,  and  the  peculiar  grouping  of  the  bacilli  in  the  large  transparent 
cells  are  characters  which  usually  clearly  distinguish  the  lesions  caused 
by  the  leprosy  bacillus  from  those  of  tuberculosis, 

Leprosy  is  common  in  India  and  in  other  hot  countries.  It  is  infre- 
quent in  America,  but  in  the  Gulf  ytates,  in  Mexico,  among  the  Nor- 

wegians in  the  Northwest,  and  in  the  eastern  British  provinces  a  con- 
siderable number  of  cases  are  grouped.  Isolated  cases  are,  however, 

encountered  now  and  then  in  various  parts  of  the  United  States.' 
Communicabllity. — So  long  as  the  leprous  tissue  is  intact  the  bacilli 

are  closely  enclosed  by  it.  But  when  necrosis  and  ulceration  occur,  as  on 
the  skin  or  the  mucous  membranes,  the  bacilli  may  be  widely  distributed; 
from  ulceration  nodules  in  the  nose  and  pharynx,  for  example,  in  sneez- 

ing and  coughing.  But  even  persons  exposed  to  infective  exudates  are 
so  seldom  infected  that  one  is  forced  to  assume  special  predisposing 
factors  which  we  do  not  understand  when  infection  docs  occur.  Under 

proper  sanitary  conditions  leprosy  is  not  to  be  regarded  as  readily 

communicable.' 

It  has  been  found  convenient  to  consider  the  lesions  of  syphilis  as 
occurring  in  three  stages,  primary,  secondary,  and  tertiary.  These 
stages  may  perhaps  mark  epochs  in  the  development  of  the  infective 

agent  or  phases  in  the  protec- 
tive action  of  the  body-cells  in 

the  course  of  their  adaptation 
to  the  parasitic  organism.  Or, 
finally,  the  stages  of  syphilis 
may  bear  some  relationship  to 
the  adaptive  processes  of  the 
infective  organism  itself. 

It  may  be  said  in  general 
that  the  characteristic  lesions  of 

syphilis  consist  in  a  more  or 
less  circumscribed  formation  of 

new  tissue.  This  may  be  made 
up  largely  of  small  spheroidal 

Flo.  159.— NKw-FORUKD^T^asi'E  IN  .sti-hilitic        ppiig  Q[.  of  these  with  polyhedral 
From  ft  "hard  chancre,"  showing  Bwollenenilo-  <^'^'"^     (^'K'      ̂ ^6),     and     Of    OCCa- 

thciiuiQ  in  a  small  biood-viaa*!.  sional    giant    cells.      The    new 
tissue,  which  may  be  diffuse  or 

in  more  or  less  clearly  circumscribed  masses,  contains,  as  a  rule,  few 

blood-vessels,   and   is   prone   to    undergo    coagulation    necrosis.      This 
tendency  is  most  pronounced  in  the  circumscribed  masses. 

The  endothelial  cells  of  the  blood-vessels  in  and  near  the  inflammatory 

iParaaUidyaf  leprosy  in  the  United  Stst«.8ee  BHnd^erka ff.FubUe  Hmlth  and  Marine  HospiUil 
Service,  vi.,  190B. 

'  For  btbliogrephy  o[  leprmy  consult  Morroie.  "Ticcntieth  Century  Pisctice."  vol.  zviil. 
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foci  in  this  form  of  inflammation  are  not  infrequently  swollen  and  may 
proliferate  (Figs.  150  and  157,  li).  The  vessels  may  otherwise  undergo 
extensive  changes. 

Primary  Lesions. — At  the  point  of  inoculation  in  a  few  weeks  a  focus 
of  inflammation  develops— the  initial  sclerosis.  This  may  be  in  the 
form  of  a  papule  or  a  vesicle,  and  in  either  case  erosion  of  the  surface  is 
apt  to  occur  and  a  hardening  of  the  deeper  tissucH,  leading  to  the  so- 
called   chancre.     In  this  primary   lesion,  in  addition  to  more  or  loss 

fluid  and  cellular  exudate,  there  may  be  obliterating  endarteritis,  a 
small  spheroidal-ecU  infiltration  of  the  connective  tissue,  proliferation  of 
connective -tissue  cells,  especially  near  the  blood-vessels  (Fig.  158), 
swelling  of  the  vascular  endothelium,  and  an  occasional  development 
of  giant  cells.  This  new  tissue  may  become  fibrous  and  the  initial 
lesion  heal. 

Usually  in  connection  with,  or  following  the  development  of,  the 

initial  lesion  there  is  a  hyperplasia  of  the  lymph-nodes  belonging  to  the 
anatomical   district   of  the   lesion.     These   become   hard   and   swollen. 
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These  hyperplastic  lymph-noJcs,  called  buboex,  are  not  apt  to  suppurate 
except  aa  the  result  of  concurrent  infection  with  pj'ogenic  bacteria,  but 
the  swelling  gradually  subsides. 

Secondary  Lesions. — After  six  or  seven  weeks  the  so-called  secondary 
stage  of  syphilis,  now  called  constitutional  syphilis,  is  entered  upon. 
This  is  characterized  by  various  forms  of  eruption  on  the  skin  and 

mucous  membranes — macules,  papules,  and  pustules.  Periostitis  is  not 
infrequent.  At  thLs  period  there  often  develop  on  the  mucous  membranes 

or  where  these  join  the  skin,  circumsfribed  areas  of  exudative  and  pro- 
ductive inflammation  of  the  papillary  layers  with  necrosis  and  exfolia- 

tion of  the  epithelium.  The  papilliP  are  enlarged,  the  epithelium  swollen 
and  opaque.  These  local  areas  of  inflammation  and  necrosis  are  called 
WHcoHS  patches.  Of  similar  character  are  the  elevated  areas  of  the  skin 

common  about  the  generative  organs  in  secondary  syphilis,  called  con- 
dylomata.    Here  also  there  is  at  the  base  the  characteristic  cell  prolifer- 



THE    INFECTIOUS    DISEASES  273 

ation  with  swelling  of  the  papillae,  thickening  and  exfoliation  of  the 
epithelium,  and  there  may  be  an  abundant  infections  exudate  from  the 
surface. 

Tertiary  Lesions. — One  of  the  most  characteristic  phases  of  the 
tertiary  inflammations  of  syphilis  is  the  formation  in  the  periosteum 
or  in  the  viscera,  especially  in  the  liver,  lungs,  heart,  brain,  and  kidney, 
of  masses  of  new  tissue  called  gummata. 

The  smaller  gummata  consist  of  a  mass  of  small  spheroidal  and  epi- 
thelioid cells  (see  Fig.  159).  As  these  cell  masses  grow  larger  they  are 

apt  to  become  necrotic   and   caseous  at  the  centre,  and  we  may  then 

have,  as  seen  by  the  naked  eye,  a  grayish  white,  usually  firm  mass,  with 
a  more  or  less  dense  and  irregular  granular  centre  and  a  translucent, 
often  radially  striated  border  of  dense  fil)rous  tissue  (sec  Fig.  1(30). 

Gummata  vary  in  size  from  those  invisible  to  the  naked  eye  to 
those  several  centimetres  in  diameter;  they  arc  usually  single,  but  may 
be  multiple,  and  occasionally  several  coalesce.  The  border  zone  of  the 
gumma  usually  consists  of  granulation  or  fibrous  tissue  and  may  be 
regarded  as  due  to  the  reparative  reaction  of  the  surrounding  tissues. 
The  necrotic  portions  of  gummata  may  be  absorbed  and  the  whole 
replaced  by  a  mass  of  cicatricial  tissue;  or  strands  of  fibrous  tissue  enclos- 

ing irregular  islets  of  caseous  material  may  long  persist  at  the  original 
seat  of  the  gummata.  In  some  instances  the  syphilitic  inflammation 
may  be  diffuse,  with  or  without  marked  necrosis.  In  the  lungs,  the 
liver,  ami  the  walls  of  the  arteries  the  later  stages  of  syphilitic  infection 
may  be  marked  by  the  diffuse  formation  of  fibrous  tissue. 

Congenital  Syphilis.— The  lesions  of  congenital  syphilis  are  those  of 
the  secondary  and  tertiary  stages,  and  may  be  present  at  birth  or  develop 
at  a  later  period.     Vari(ms  phases  of  malnutrition  arc  often  obvious. 
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There  may  be  pemphigus  of  the  hands  and  feet  or  elsewhere,  with  vesicles 
or  blebs  containing  variously  colored  or  bloody  fluid.     Pustules,  usually 
about  the  buttocks;  various  erythematous  rashes;  coryza;  inflammations 
of  the  bones,  joints,  and  cornea,  etc.,  are  frequent.     Irregularities  in 
the  ossification  of  the  long  bones  (see  p.  889),  gummata  and  cirrhosis  of 

the  liver,  enlargement  of  the  spleen,  various  inflammatory  and  degener- 
ative lesions  of  the  kidney,  and  obliter- 
ating endarteritis  are  among  the   more 

common  marks  of  congenital  syphilis. 

Diagnods. — The  nodular  lesions  of 
syphilis  are  in  many  respects  structurally 
similar  to  those  of  tuberculosis,  so  that 
it  is  sometimes  difficult  to  distinguish 
them  on  morphological  examination 
alone.  But  the  greater  variety  in  the 
developmental  stages  of  the  tuberculous 
foci  which  may  be  found  in  a  single 
individual,  the  grouping  of  the  lesions 
in  a  manner  indicative  of  local  infec- 

tions, and  in  the  last  resort  the  demon- 
stration of  the  presence  of  the  tubercle 

bacillus,  will  usually  suffice  to  distin- 
guish the  tuberculous  from  the  syphilitic 

FiQ.  160.- .-JiPHiMTic  Gi'UK*  iH  THK       Icsion,    cvcn    without   recourse   to   the 
Y''^'-  clinical  history, 

ing  inio  ihc  new-fom^  ̂ iiuUr"'n^i  For  fUFthcr  details  regarding  syphi- fibmus  tuaue  ID  ihe  periphrrj'-    Th«     \ii\q  lesious  of  the  visccra  see  Part  II. gumma  waw  murh  InrgEcr  unj  w  mu<'li  kh  »         .■  i-  i  ■!» 
magnified  in  ihc  Fut  thun  FiK.  15S.  I'or  many  <letails  rcgafuing  syphilis,  its 

symptomatology  and  lesions,  its  effects 
upon  gestation  and  the  infant,  etc.,  reference  is  made  to  special  works 

on  the  subject.' 
Animal  Inoculations. — It  has  been  shown  by  Mctchnikoff  and  Roux' 

and  by  Xeisser,'  that  successful  inoculations  of  apes  may  be  made  with 
the  virus  of  syphilis.  It  has  been  found  that  while  cutaneous  inocula- 

tion with  material  from  primary  and  secondary  lesions  gives  positive 

results,  subcutaneous  and  intraperitoneal  introduction  of  similar  mate- 

rial does  not.     Rabbits  have  also  been  successfully  inoculated.* 
Treponema  pallidum  (Spirochfete  pallida). — In  190S  Schaudinn  and 

Hoffmann'  described  the  occurrence  in  primary  lesions  of  syphilis  of  a 
slender,  spiral  organi.'im  (Figs.  161,  162,  16.3)  of  about  the  length  on  the 
average  of  the  diameter  of  a  red  blood  cell,  which  they  called  Spiroch(Fle 

Oglcrlug'n  " Krucbiinte."  Jalirg.  v,  for  IS0H,  p.  4K1. 
For  a  stuily  o(  blood-vessel  changes  in  syphilis  with  (>ibliogratjh3~  see  Abramov,  Ziegler's  Reif  rigs. Bd.  ixvl,.  p,  2(12,  IHB9, 
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pallida.  It  is  sharply  curved,  corkscrew  like,  having  from  three  to  ten 
or  more  curves,  and  is  pointed  at  the  ends.  It  is  mobile,  rotating  on 
the  long  axis,  and  moving  in  both  directions.  This  organism  at  first 
called  Spirochete  was  afterward  renamed  Treponema. 

The  Treponema  pallidum  is  stained  with  difficulty  by  the  ordinary 
reagents  and  is  thus  frequently  difficult  of  detection.  It  may  be  mixed, 
especially  when  on  the  ulcerating  surfaces  of  syphilides,  with  coarser 
and  more  readily  stained  spiral  organisms,  particularly  SpirochcBle 
re/ringens,  and  with  various  other  saprophytic  bacteria.  It  is  most 
readily  detected  in  material  from  the  depths  of  such  lesions  as  con- 

dylomata and  mucous  patehes. 

{Spinwluple  pallidi 

Since  the  announcement  of  its  discovery  Treponema  pallidum  has 
been  found  by  many  observers  in  condylomata  and  in  the  primary 
macules,  papules,  and  pustules.  It  has  been  found  in  the  internal  organs, 

in  the  lymph-glands  of  involved  regions,  in  the  spleen,  and  in  the  blood. 
The  organism  has  also  been  found  in  the  secondary  lesions  of  syphilis, 

even  at  a  late  period,  and  in  tertiary  lesions.  It  also  occurs,  sometimes 
in  large  numbers,  in  the  lesions  of  the  skin  and  in  the  internal  organs  of 
the  victims  of  congenital  syphilis. 

The  observations  of  Metchnikoff,  Flexner,  and  Kraus  have  shown 
that  in  the  experimental  primary  syphilitic  lesions  of  the  monkey  the 
treponema  is  present. 
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The  attempts  to  cultivate  the  organism  on  artificial  media  have 

thus  far  been  unsuccessful.' 
The  evidence  appears  to  be  abundant  that  the  Treponema  pallidum 

is  the  inciting  agent  in  syphilis  even  though  artificial  cultures  have  not 
yet  been  made.  This  organism,  resembling  moiphologically  in  many 
respects  the  spiral  bacteria,  was  believed  by  Schaudinn  to  belong  among 
the  protozoa,  and  the  evidence  of  its  affiliation  with  those  organisms  is 
now  commonly  regarded  as  valid.  It  appears  to  be  closely  related  to  the 
trypanosonies  {see  page  119). 

CommunlcabiUty.— The  infective  agent  of  syphilis  is  readily  and 
most  frequently  conveyed  by  direct  inoculation  with  the  exudate  from 

some  lesion  of  a  victim  of  the  disease.  This  most  frequently  occurs 
during  sexual  intercourse,  but  may  take  place  in  many  other  ways, 
either  through  direct  or  indirect  transmission  to  abraded  or  wounded 
surfaces  of  the  infective  exudate. 

Syphilis  may  also  be  congenitally  transmitted,  apparently,  either 
from  th(;  father  or  the  mother.  But  the  transmission  of  the  infective 

agent  through  the  placental  blood  is  the  more  common. 

Immunization. — Though  many  attempts  have  been  nmde  to  secure 
active  and  pa.ssivc  immunity,  none  has  been  .successful. 

Demonstration  of  Treponoma.  Pallidum. 

The  material  i»  most  rcailily  oht.iincii  from  the  primary  tilccratod  lesions  liy  gently 
scrapiiiR  with  a  ])latiiiiim  I(mi]>  after  a  [irdiminary  cleansing  ot  the  surface,  or  from 
mucous  putcheM  \ty  a  dpcii  seraiiiiiji  with  a  sharp  spoon.  From  papules,  pustules,  and 
roseokc  one  may  olitaia  material  liy  e\pre.ssitis  fluid  tlirouRh  a  superficial  incision; 

from  lymph-nodi's  by  the  li('pinierniic'  needle. 

p.  lUh'i.  1DII.'>:  ner  atv  tar  nn  rxrcllpnl  ifvirx'  uf  rpiYiil  ncirk  nn  K%']jhi1b>.  Kn-ine.  K.  \.  .stnle  Jaur.  of 
Udl.  Tii.,  ITT,  IWT,  l>ilil.^  nho  l.rmdtli  nnd  Hwh^  la  Syphilin.  I'lirJ!-.  19011. 
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Living  OiSBnisms.— By  the  Ui<e  of  the  apecial  condenxer  for  dark  field  illumination 
in  a  fresh  preparation,  by  the  arc  h^ht  one  may  »ee  the  refraetile  unstained  spiral 
organisms  in  rapid  motion  across  the  dark  field. 

Staining. — Smeani  of  the  material  should  i>p  made  very  thin.  Many  Htains  are 
effective.  .Vfter  fixation  in  alcohol  and  ether  the  treponema  may  lie  stained  with 
icentian  violet,  or  by  the  Giemsa  method,  the  latter  beinK  esiwcially  recommended  by 
the  discoverers  of  the  orsanism.  For  the  K^neral  use  of  (he  (iiemsa  stain  see  p.  10H7. 

For  the  Spirochete  pallida  it  is  recommended  to  stain  from  sixteen  to  twenty-four 
hours,  but  a  shorter  time  will  usually  suffice. 

s  the  spirochiete  is  well  demonstrated  by  the  silver  impregnation  method 

of  Cajal,  as  suggested  by  Bertarelli,   Volpino  and   Bovero,'  and  later  modified  by 
Levaditiand  Manou^lian'  (see  Fig.  163). 

A  later  and  more  rapid  method  of  silver-staining  recommended  by  Levaditi  and 

Uanouflian*  as  especially  valuable  in  the  examination  of  .specimens  of  syphilitic 
tissue  removed  during  life,  is  as  follows: 

1.  Pieces  of  tissue,  1  or  2  mm.  thick,  are  fixed  by  twenty-four  to  forty-eight  hours' 
Bojourn  in  10-per-cent.  formalin  solution. 

2.  Wash  in  alcohol  {96-per-cent.)  for  twelve  to  sixteen  hours. 
3.  Roak  in  distilled  water  till  pieces  sink. 
4.  Impregnation  with  silver  as  follows;  1-per-cent,  silver-nitrate  solution  to  which 

is  added  when  ready  for  use  10  per  cent,  of  pyridin  It'opit  or  Billaut).  The  tighlly 
cloied  ftttika  containing  this  mixture  in  considerable  ([uantity  are  kejit  for  two  to 

'  S»  Cbl.  f.  BBk.,  Abth.  I..  Orig.  Bd.  >l„  p.  .'W.  IWW. 
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three  hours  at  room  temperature,  then  for  from  foiu*  to  six  hours  at  about  50°  C. 
(The  time  required  for  impregnation  depends  upon  the  permeability  of  the  tissue.) 

5.  Wash  quickly  in  a  solution  of  pyridin,  10  parts  to  100. 
6.  Reduction  in  solution  of  pyrogallic  acid,  4  per  cent.,  to  which  is  added  when 

ready  for  use  purified  acetone,  10  parts  to  100;  and  pyridin,  15  parts  to  100  of  the 
total  volume.     The  reduction  is  completed  in  a  few  hours. 

7.  Pass  through  alcohol,  xylol,  paraffin  sections. 

8.  Stain  with  Unna's  blue  or  toluidene  blue  and  diflferentiate  with  the  glycerin- 
ether  mixture  of  Unna.* 

By  this  method  the  spirals  are  more  or  less  definitely  black,  the  tissues  pale  yellow. 
Double  staining  reveals  the  relationships  of  the  organism  to  the  tissue  cells. 

India  Ink  Stain. — An  effective  method  of  demonstrating  the  syphilis  organism  in 
smears  is  as  follows : 

The  fluid  squeezed  from  a  syphilitic  lesion  on  to  a  slide  with  as  little  blood  as  pos- 
sible is  mixed  with  a  drop  of  India  ink  (Chin-Chin  waterproof  ink  manufactured  by 

Giinther  Wagner),  and  the  mixture  spread  as  in  making  blood  smears.  After  dry- 
ing,  which  is  almost  immediate,  the  specimen  examined  directly  with  an  oil  immer- 

sion lens  shows  the  organism,  if  present,  as  unstained  in  a  black  field  (see  Figs.  161 
and  162). 

WASSERMANITS  TEST  IN  THE  DIAGNOSIS  OF  SYPHILIS. 

General  Considerations. — The  principles  on  which  this  test  is  based  have  been 
considered  on  page  189  under  the  heading  Fixation  of  Complement.  We  have 
there  seen  that  when  a  substance  capable  of  inciting  the  body-cells  to  the  formation  of 
antibodies,  i.e.,  an  antigen,  is  mixed  with  its  corresponding  heated  serum,  i.e., 

antibody  or  amboceptor,  in  the  presence  of  complement,  the  latter  is  so  "fixed"  in 
combination  with  the  antigen  that  it  is  no  longer  free  to  enter  into  any  other  combina- 

tion. This  is  shown  by  the  fact  that  if  such  a  mixture  be  placed  in  contact  with 
the  sensitized  red  blood  cells,  no  haBmolysis  is  produced. 

If,  in  the  above  reaction,  the  heated  serum  contained  no  antibody,  the  comple- 
ment would  not  be  fixed  and  haemolysis  would  take  place  on  the  addition  of  the 

sensitized  red  blood  cells. 

In  this  way  one  may  determine  the  presence  in  given  fluids  of  specific  antibodies, 
on  the  one  hand,  or  of  antigens  on  the  other,  if  he  have  at  hand  the  homologous 
antigens  or  antibodies  as  the  case  may  be.  For  antigens  one  may  use  bacteria  or 
bacterial  extracts. 

In  Wasserraann's  test  it  was  assumed  that  syphilitic  organs  might  contain  uncom- 
bined  portions  or  products  of  Spirochaete  (Treponema)  pallidum,  i.e.^  free  syphilitic 
antigens,  and  thus  extracts  in  salt  solution  or  alcohol  were  made  of  organs — spleen, 
liver,  etc. — of  a  syphilitic  foetus.  But  it  was  discovered  later  that  specific  antigens 
are  not  necessary  for  the  reaction;  that  extracts  of  normal  organs,  liver,  spleen,  heart, 
human  or  animal,  or  lecithin  in  solution  can  act  as  antigens  in  the  tests. 

It  has  been  urged  that  it  is  lipoid  substances  which  in  all  these  conditions  act  as 
antigen,  but  this  has  not  yet  been  clearly  established. 

Details  of  the  Test. — ^Five  elements  enter  into  the  Wassermann  test — antigen, 
hsemolytic  serum,  complement,  blood  corpuscles,  and  the  serum  to  be  tested  for 
syphilitic  antibody. 

The  following  account  of  the  technique  is  derived  from  the  admirable  rfeum^  of 
Hiss  and  Zinsser  in  their  Text-book  of  Bacteriology. 

I.  The  Antigen. — This  is  prepared  as  follows  (Noguchi): 

''Fresh  finely  chopped  normal  liver  or  spleen  is  covered  and  thoroughly  mac- 
erated with  five  times  its  volume  of  absolute  alcohol.  This  is  allowed  to  extract  in 

the  incubator  for  six  to  eight  days,  being  thoroughly  stirred  up  at  least  once  a  day. 
It  is  then  pressed  through  cheese-cloth  and  filtered  through  paper.  This  alcoholic  ex- 

tract is  evaporated  to  dr>'ness  at  room  temperature  by  a  current  of  air.     The  sticky, 

1  This  preparation,  which  can  be  obtained  from  the  Grubler  house,  is  a  mixture  of  glycerin  antl 
glycerine-anyhydride  with  one-third  its  weight  of  absolute  alcohol,  used  as  a  differentiating  aga»t  for 
basic  dyes. 
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brownish  residue  resulting  is  taken  up  in  a  small  quantity  of  ether  and  the  solution 
poured  into  four  times  its  volume  of  C.  P.  acetone.  A  heavy  flocculent  precipitate 
forms  which  settles  to  the  bottom  as  a  sticky  brown  mass.  This  is  retained  as 
antigen  and  may  be  preserved  under  acetone.  The  acetone-soluble  fraction  is  thrown 
away.  For  use,  about  0.2  gram  of  the  sticky  paste  is  dissolved  in  about  5  c.c.  of  ether 
and  100  c.c.  of  salt  solution  added.  This  is  shaken  until  the  ether  has  evaporated. 
The  resultant  antigen,  ready  for  use,  is  a  slightly  opalescent  greenish  fluid  from 
which  nothing  settles  out  on  standing. 

Before  an  antigen  can  be  used  for  the  actual  test,  it  is  necessary  to  determine  the 
quantity  which  will  furnish  a  valid  result.  The  substances  which  are  used  as  antigens 
often  have  the  power,  if  used  in  too  large  quantity,  of  themselves  binding  complement. 
It  is  necessary,  therefore,  to  determine  the  largest  quantity  of  each  given  antigen 
which  may  be  used  without  exerting  an  anti-complementary  action,  i.e.,  which  will 
not  inhibit  in  the  presence  of  normal  serum,  but  which  will  at  the  same  time  inhibit 
haemolysis  when  syphilitic  serum  is  used.  This  is  done  by  mixing  graded  quantities 
of  the  antigen  with  a  constant  quantity  of  complement  (0.1  c.c.  of  fresh  guinea-pig 
serum),  in  duplicate  sets,  adding  to  each  tube  of  one  set  0.2  c.c.  of  a  normal  serum, 
and  to  the  other  0.2  c.c.  of  a  known  syphilitic  serum.  These  substances  are  allowed 
to  remain  together  for  one  hour  and  then  red  blood  corpuscles  and  inactivated  hemo- 

lytic serum  are  added.  The  quantity  which  has  given  complete  inhibition  with  the 
syphilitic  serum,  but  absolutely  no  inhibition  with  normal  serum,  is  the  one  to  be 
employed  in  subsequent  reactions.  Before  actual  use,  it  is  convenient  to  make  a 
dilution  of  antigen  in  salt  solution  in  such  a  way  that  1  c.c.  shall  contain  the  amount 
required.  Thus  if  0.05  c.c.  is  wanted,  mix  0.5  c.c.  with  9.5  c.c.  salt  solution.  Then 
1  c.c.  of  this  can  be  added  to  each  tube  in  the  test. 

II.  The  HcBniolytic  Serum, — The  haemolytic  amboceptor,  for  the  reaction,  is 
obtained  by  injecting  into  rabbits  the  washed  red  blood  corpuscles  of  a  sheep.  A 
5-per-cent.  emulsion  of  the  corpuscles  is  made  and  of  this  5  c.c,  10  c.c,  and  15  c.c.  are 
injected  at  intervals  of  five  or  six  days.  Three  or  four  graded  injections  of  this  kind 
are  usually  sufficient  to  furnish  a  serum  of  adequate  haemolytic  power.  The  injections 
may  be  made  intraperitoneally,  subcutaneously,  or  intravenously.  About  nine  or 
ten  days  after  the  last  injection  of  corpuscles,  the  rabbit  is  bled  from  the  carotid 
artery  and  the  serum  obtained  by  pipetting  it  from  the  clot. 

It  is  best  to  have  a  hemolytic  serum  of  high  potency  in  order  that  the  quantities 
used  for  the  reaction  may  be  as  small  as  possible  This  is  desirable  because  of  the 

fact  that  the  serum  may  contain  small  amounts  of  precipitins  for  sheep's  serum,  due 
to  insufficient  washing  of  the  corpuscles  employed  in  the  immunization.  If  such 
precipitins  should  he  present  in  any  quantity  in  the  serum  used  for  the  reaction, 
precipitates  might  be  formed,  and  these,  as  we  know,  have  a  tendency  to  carry  down 
complement  from  a  mixture. 

While  the  quantitative  relations  of  the  complement  and  antigen  in  the  Wasser- 
mann  reaction  are  important,  they  are  vastly  more  so  in  the  case  of  the  hsemolytic 
amboceptor.  For  the  actual  reaction  most  observers  make  use  of  two  hsemolytic 
units.  A  haemolytic  unit  is  the  quantity  of  inactivated  immune  serum  which,  in  the 
presence  of  complement,  suffices  to  cause  complete  haemolysis  in  1  c.c  of  a  5-per-cent. 

emulsion  of  washed  blood  corpuscles."     This  must  be  accurately  determined. 
"For  this  purpose  a  number  of  mixtures  are  made  in  test-tubes,  containing  each 

0.1  c.c.  of  complement  (fresh  guinea-pig  serum),  1  c.c.  of  a  5-per-cent.  emulsion  of 

sheep's  corpuscles,  and  diminishing  quantities  of  the  inactivated  haemolytic  serum, thus : 

c.c  =  complete  haemolysis 
c.c.  =  complete  haemolysis 
c.c.  =  complete  haemolysis 
c.c  =  complete  hsemolysis 

.001    c.c.  =  complete  haemolysis 

.0009  c.c.  =  partial  haemolysis 

.0005  c.c.  =  no  haemolysis 

.0003  c.c.  =  no  haemolysis* 
*  In  each  tube  the  volume  of  the  mixture  should  be  made  up  to  5  c.c.  with  0.85  percent,  salt  solution. 

0.1  C.C.  of 

complement 
fresh 

guinea-pig 
serum u^ 

1  c.c.  of  5 

per  cent, emulsion 

sheep's corpuscles. 

1 
f  Inactivated 

\  -f  <  haemolytic 

[      serum 

.01 .009 

.005 

.003 
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In  the  given  case,  0.001  c.c.  of  the  serum  represents  one  unit,  and  0.002  c.c,  two 
units,  is  the  quantity  to  be  used  for  each  test. 

III.  The  Complement. — The  complement  for  the  Wassermann  reaction  is  used  in 
the  form  of  fresh  guinea-pig  serum.  This  may  be  obtained  in  the  following  way:  A 
guinea-pig  may  be  killed  by  an  incision  in  the  throat  and  the  blood  allowed  to  flow 
into  a  large  Petri  dish  or  centrifuge  tube.  This  is  set  away  in  the  ice  chest  until  the 
clear  serum  has  separated  from  the  clot.  Aft«r  twelve  to  twenty-four  hours  the  serum 
is  carefully  removed  with  a  pipette. 

IV.  The  Sheep  Corpuscles. — The  sheep  corpuscles  for  the  actual  reaction  are 
obtained  by  receiving  the  blood  of  a  sheep  in  a  small  flask  containing  a  sterile  solution 
of  a  1  per  cent,  sodium  citrate  and  0 .  85-per-cent.  sodium  chloride,  or  into  one  contain- 

ing glass  beads  or  short  pieces  of  glass  tubing.  In  the  former  case,  the  citrate  solution 
prevents  clotting  and  the  corpuscles  may  be  washed  free  from  the  citrate  solution  and 
emulsified  in  salt  solution  before  use  in  the  test.  In  the  latter  case,  it  is  necessary  to 
shake  the  blood  in  the  flask  immediately  after  taking,  and  to  continue  the  shaking 
motion  for  about  ten  minutes.  At  the  end  of  this  time,  the  blood  will  be  defibrinated 
and  the  corpuscles  are  washed  free  from  serum  by  centrifugalization  in  salt  solution. 
A  5-per-cent.  emulsion  of  the  corpuscles  in  salt  solution  is  employed  for  the  test,  made 
by  measuring  the  bulk  of  centrifugalized  corpuscles  and  adding  nineteen  parts  of 
sterile  salt  solution.  Thorough  washing  of  the  corpuscles  is  essential  to  preclude  the 
occurrence  of  precipitates. 

V.  The  Serum  to  he  Tested  for  Syphilitic  Antibody. — The  serum  of  the  patient  upon 
whom  the  test  is  to  be  made  is  best  obtained  in  the  same  way  that  blood  is  obtained 
for  blood  cultures.  After  surgical  precautions  as  to  sterilization,  a  needle  is  plunged 
into  the  median  basilic  vein  and  3  or  4  c.c.  of  blood  are  removed.  Whenever  circum- 

stances do  not  permit  such  procedure,  blood  may  be  obtained  from  the  finger  or  the 
ear,  always  in  sufficient  quantity  to  furnish  at  least  1  c.c.  of  clear  serum.  Before  use 

for  the  test,  the  patient's  serum  must  be  inactivated  by  heating  in  a  water-bath  to 
56°  C.  for  twenty  minutes  to  half  an  hour.  As,  according  to  some  observers,  56°  C. 
destroys  the  syphilitic  antibody  in  part,  Noguchi  advises  inactivation  at  54°C. 

The  Test. — The  actual  test  for  antibody  in  a  suspected  serum  is  carried  out  in  the 
following  way:  In  a  test-tube  of  suitable  size,  0.1  c.c.  of  complement,  0.2  c.c.  of  the 
inactivated  suspected  serum,  and  the  antigen  in  quantity  determined  by  titration,  are 
mixed,  and  the  total  volume  brought  up  to  3  c.c.  with  normal  salt  solution.  This 
mixture  is  thoroughly  shaken,  and  placed  for  one  hour  in  a  water-bath  or  in  the 
incubator  at  37 . 5°  C.  At  the  end  of  this  time  there  is  added  1  c.c.  of  a  5-per-cent. 
emulsion  of  sheep's  corpuscles,  and  1  c.c.  of  luemolytic  amboceptor,  determined  by  a 
titration  of  the  inactivated  hfemolytic  rabbit  serum,  as  described  above.  The  volume 

is  brought  up  to  5  c.c.  with  salt  solution.  This  mixture  is  again  placed  at  37 . 5°  C.  for 
one  or  two  hours.  If  the  antibody  is  present  in  the  suspected  serum,  no  haemolysis 
takes  place.     If  absent,  haemolysis  is  complete. 

No  test  is  of  use  unless  suitable  controls  are  made.  The  controls  set  up  should  be 
as  follows: 

Control  1. — For  each  serum  tested  the  mixture  described  above,  omitting  antigen. 
Controls  2  and  3. — The  mixture  made  as  in  the  test  but  with  known  syphilitic 

serum  (2)  with  and  (3)  without  antigen. 
Controls  4  and  5. — The  mixture  made  as  in  the  test,  but  with  normal  serum  (4) 

with  and  (5)  without  antigen. 

Control  6. — Antigen  and  complement  alone,  left  together  for  an  hour  before  the 
addition  of  blood  cells  and  amboceptor  in  order  to  preclude  the  possibility  of  the 
antigen  itself  fixing  complement.  When  working  with  a  well-controlled  antigen  this 
control  may  be  omitted. 

Control  7. — The  haemolytic  system:  complement,  blood  cells  and  amboceptor,  set 
up  in  order  to  show  that  the  system  is  in  working  order.  It  is  convenient  to  set  the 
tubes  in  two  rows  in  a  rack,  the  front  row  containing  antigen,  the  back  row  containing 
the  same  mixture  without  antigen. 

In  a  positive  test,  the  test  itself,  and  Control  2,  alone,  should  show  inhibited 
hflBmolysis.     The  other  tubes  should  show  complete  solution  of  the  haemoglobin. 
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Noffuchis  Modification. — Nogjuchi'  has  much  simplified  the  test  by  making  use  of 
an  anti-human  haemolytic  amboceptor  instead  of  an  anti-sheep  amboceptor.  In  this 
way  he  avoids  the  necessity  of  procuring  fresh  sheep  corpuscles  for  each  test  by  using 
the  corpuscles  of  the  patient  himself.  He  has  determined  empirically  that  human 
serum  contains,  normally,  no  amboceptor  active  against  the  human  red  corpuscles. 
This  fact  is  extremely  important  and  has  a  decided  advantage  over  the  original 
Wassermann  test,  in  that  in  any  reaction  in  which  sheep  corpuscles  are  used  as  an 
indicator  with  human  serum,  the  actual  amount  of  haemolytic  amboceptor  used  in  the 
test  is  uncertain.  For,  as  we  have  mentioned  above,  human  serum  normally  may 

contain  a  variable  quantity  of  amboceptor  for  sheep  corpuscles.  In  Noguchi's  test, 
therefore,  the  actual  quantity  of  amboceptor  is  exactly  known  by  previous  titration. 

The  hemolytic  amboceptor  for  Noguchi's  test  is  obtained  by  four  or  five  injections  of 
washed  human  corpuscles  into  rabbits.  These  corpuscles  may  be  obtained  from  the 

heart's  blood  at  autopsies,  or,  better,  if  possible  from  placentae  at  childbirth.  The 
unit  for  this  amboceptor  is  obtained  by  titration  as  in  the  case  of  the  sheep-blood 

amboceptor  for  the  original  Wassermann  test.  In  setting  up  Noguchi's  test,  the 
following  substances  are  used : 

•  a.  Patient's  serum.  Obtained  in  small  glass  capsule.  About  2  c.c.  should  be t^ken. 

b.  Complement.  Fresh  guinea-pig  serum:  0. 1  c.c.  of  a  40  per  cent,  fresh  guinea- 
pig  serum  in  salt  solution  is  used  in  the  test.  Obtain  by  adding  1  part  of  guinea-pig 
serum  to  1  1/2  partj?  of  salt  solution. 

c.  Antigen.  Substance  prepared  as  in  the  Wassermann  test  by  extraction  of 
syphiUtic  or  normal  organ. 

d.  Human  corpuscles.  Normal  corpuscles  or  those  of  the  patient  himself  may  be 

employed.  If  the  patient's  red  cells  are  chosen,  these  should  not  be  used  for  other 
tests  than  that  on  the  patient's  own  serum;  1  c.c.  of  a  1  per  cent,  emulsion  of  washed 
corpuscles  is  used  for  the  test. 

e.  Anti-human  amboceptor  prepared  by  the  injection  of  washed  human  corpuscles 
into  rabbits  and  titrated  against  human  corpuscles.     Two  unita  are  used  in  the  test. 

The  test  itself  is  set  up  as  follows: 

Tube  1. — One  drop  patient's  serum  -f  complement  (0. 1  c.c.  of  40  per  cent,  guinea- 
pig  serum)  +  antigen. 

Tube  2. — One  drop  patient's  serum  -f  complement  (no  antigen). 
Tube  3. — One  drop  known  syphilitic  serum  +  complement  +  antigen. 
Tube  4. — One  drop  known  syphilitic  serum  -f  complement  (no  antigen). 
Tube  5. — One  drop  known  normal  serum  -f  complement  +  antigen. 
Tube  6. — One  drop  known  normal  serum  +  complement  (no  antigen). 
Tube  7. — Complement  alone  (for  hemolytic  system  control). 
To  each  tube  then  add  1  c.c.  of  the  1  per-cent.  emulsion  of  human  corpuscles. 

Shake  mixtures  thoroughly  and  incubate  or  place  in  water-bath  at  38-40®  C.  for  one 
hour.  Then  add  to  each  tube  two  units  of  amboceptor  and  replace  in  water-bath  for 
one  hour.  At  the  end  of  this  time  in  a  positive  test  there  will  be  no  haemolysis  in 
tubes  1  and  3  while  all  the  other  tubes  will  show  haemolysis. 

Noguchi  has  simplified  the  technique  of  complement  fixation  further  by  drying 
measured  amounts  of  antigen  and  amboceptor  upon  small  squares  of  blotting  paper. 
These  may  be  dropped  into  the  tubes  directly,  obviating  the  necessity  of  preparing 
fresh  dilutions  of  the  concentrated  substances  for  each  test.  The  substances  in  the 

dried  state,  moreover,  may  be  preserved  for  longer  periods  than  when  kept  in  the 

liquid  form." 
Rhinoscleroma. 

This  disease,  which  occurs  especially  in  eastern  Europe  and  occasionally  in  other 
parts  of  the  world,  is  a  chronic  inflammation  of  the  nasal,  pharyngeal,  and  laryngeal 
mucous  membrane.  In  this  inflammation  a  diffuse  or  nodular  formation  of  new 

tissue  somewhat  resembling  granulation  tissue,  occurs,  which  tends  to  assume  a  dense 
cicatricial  character. 

1  Noguchi,  Jour,  of  Exper.  Medicine,  1909.     Also  Serum  Diagnosis  of  Syphilis,  2d  ed.,  1911. 
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Constantly  associated,  it  is  said,  with  this  legion  ia  a  bacillus  called  Bacillus  rhino- 
sderomatis.  Thia  bacillus  in  most  of  its  tnorpholoKical  and  biological  chanict«n 
closely  resembles  the  pneumobacillus  of  Friedl&nder  (B.  mucosus  capsulatusl,  powing 
readily  on  the  common  culture  media  and  developing  a  capsule,  and  it  may  be  identi- 

cal with  it. 
The  relationship  of  this  bacillus  to  the  lesions  of  rhinoscleroma  does  not  appear  to 

be  as  yet  definitely  established,  since  inoculatioDs  in  men  and  animals  have  not  givpD 
positive  results. 

DIPHTHERIA. 

Diphtheria  is  an  acute  infectious  disease  incited  by  the  Bacillia 

dipktheriw  (Loffler),  and  usually  characterized  by  a  pseu  do -membranous 
inflammation  on  some  of  the  mucous  membranes  or  occasionally  on 
the  surface  of  woumis,  and  by  immediate  or  remote  effects  of  absorbed 
toxic  substances.  The  mucous  membranes  which  are  the  most  fre- 

quently affcctcii  in  diphtheria  are  those  of  the  tonsils,  pharynx,  soft 
palate,  narps,  larynx,  and  trachea;  less  frequently  those  of  the  mouth, 
gums,  conjunctiva,  (esophagus,  and  stomach. 

Morphology  of  the  Lesioxh. 

The  local  lesions  in  mucous  membranes  may  present  various  phases, 
which  represent  clinical  types  of  the  disease.     Thus  there  may  be  a 
simple  redness  of  the  affected  surfaces  which  leaves  no  trace  after  death, 
or  there  may  be  a  simple  catarrhal  inflammation.     On  the  other  hand, 

in  the  more  marked  forms  of  the  lesion  there 

may  be  a  fibrinous  exudate  which  infiltrates 
the   mucous    membrane,    or,  intermingled 
with  pus  cells,  epithelial  cells,  red  blood 
cells,  bacteria,  ami  fcranular  material,  forms 

a  thick  or  thin  pellicle  on  the  affected  sur- 
faces (see  Fig.  123,  p.  213).     This  pellicle 

may    undergo    coagulation   necrosis   (Fig. 
164) ,  and  hand-in-hand  with  this  there  may 
be  superficial  or  deep  necrosis  of  the  mucous 
membrane.     The  false  membrane  in  diph- 

theria is  thus  formed  by  a  combination  of 

membiJin^e"*u™»kooino''c\)'^^  inflammatory  products  and  necrotic  tissue, TioN  NECROBts.  tho  oxtent  of  the  necrosis  and  the  amount 

of  inflammatory  products  varj'ing  in  differ- 
ent cases.  The  membrane  may  disintegrate  or  exfoliate,  with  or  without 

loH.s  of  tissue  in  the  underlying  mucous  membrane.  Phlegmon,  absces-, 
and  cedcma  are  liable  to  occur  as  local  complications. 

Adjacent  and  distant  lymph-nodes  are  apt  to  be  swollen,  and  often 
show,  on  microscopical  examination,  endothelial-cell  hyperplasia  with 
small  foci  of  cell  necrosis  and  disintegration,'  Similar  foci  of  cell  hyper- 

plasia with  necrosis  with  small  spheroidal-ccll  accumulation  and  faltj' 
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degeneration  may  be  found  in  the  kidney,  spleen,  and  liver.  Albuminous 
degeneration  in  the  kidney  and  acute  nephritis  are  not  infrequent. 
Small  hemorrhagic  foci  may  be  present  in  the  liver  and  kidneys.  Degen- 

eration of  the  heart  muscle  may  occur.'  The  exact  nature  of  the  nerve 
lesions  which  may  be  associated  with  the  late  paralyses  of  diphtheria 
is  not  yet  clear,  but  degeneration  of  the  peripheral  nerves  and  chromat- 
olysis  of  the  ganglion  cells  occur,  indicating  the  action  of  an  absorbed 
toxic  substance  in  the  body  fluids.     Leucocytosis  may  be  present. 

Catarrhal  bronchitis  and  broncho-pneumonia  or  simple  lobular  pneu- 
monia frequently  complicate  diphtheritic  lesions  of  the  upper  air  pass- 

ages and  fauces. 

Bacteriology  of  the  Disease. 

Although  bacteria  of  various  forms  are  commonly  present  in  the 
false  membrane,  and  some  of  them  penetrate  deeply  into  the  underlying 
tissue,  the  primary  and  specific  excitant  of  this  disease  is  the  Bacillus 
diphtheriiE  of  Loffler. 

In  man  the  diphtheria  bacilli  are  largely  confined  to  the  seat  of  local 
lesion,  and  sometimes  occur  here  in  enormous  numbers,  especially  in 
the  older  layers  of  the  pseudo-membrane  {see  Fig.  105).  But  they  may 
become  widely  distributed  through  the  body.  This  appears  to  be  espe- 

cially the  ease  when  the  pyogenic  cocci  are  associated  with  the  diphtheria 
bacillus  at  the  scat  of  local  lesion.  The  systemic  effects  in  diphtheria 
appear  to  be  largely  due  to  the  absorption  into  the  body  of  toxic  material 

1  For  Btudiea  of  the  l»[ons  of  Uic  myocordium 
rls  of  BoHlon  City  Hosp..  IBOO,  p  204 

tody  of  nerve  leskms  w[th  bibl.  aee  Balten.  Pedintr »,  vol.  vii..  p.  97,  1899;  aliio  Rainu, 
■D.I  Bitot,,  vol.  vi.,  p.  4S6.  J900.     For  «.  cwmprph™ ive  study  of  the  bacteriology  sad  p 
»o  hundred  and  twenty  fatal  caaes  of  diphtheria  a 
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elaborated  locally  by  the  germs.     Scpticfemia  or  acute  visceral  inflara- 
mationa,  particularly  of  the  kidney,  may  occur  without  evidence  of  an 

external  local  lesion  or  of  the  portal  of  entry  of  the  bacillus,' 

CoxcuRREXT  Infections. 

The  very  frequent  association  of  the  pyogenic  cocci  and  other  bacteria 
with  the  diphtheria  bacillus  gives  rise  to  a  scries  of  changes  which  make 
the  clinical  picture  and  the  lesions  of  diphtheria  sometimes  very  com- 

plex. Thus  the  complicating  bronchitis  and  broncho-pneumonia,  as 
well  as  pyiemic  symptoms  and  lesions,  may  be  due  to  the  diphtheria 
bacillus  alone.  But  these  secondary  lesions  may  be  due  to  the  presence 
in  the  pseudo-membrane,  and  the  entrance  into  the  deeper  air  passages 
and  the  blood,  of  Streptococcus  pyogenes,  Staphylococcus  pyogenes, 
Diplococcus  lanceolatus,  Bacillus  coii  communis,  and  other  bacteria, 

or  of  these  together  with  the  diphtheria  bacillus.' 

Characters  of  the  Diphtheria  Bacillus. 

This  organism,  first  deseriljed  and  definitely  associated  with  this  disease  by  LSffler, 
is  a  slender  rod,  in  general  nlmut  3  ;i  long,  but  sometimes  ithortcr  and  sometimes  grow- 

ing into  threads.  It  occaKionslly  grows  in  branch- 
ing forms.'  and  is  characteriied  morphologically  by 

marked  irregularities  In  it«  form  (Fig.  166).  While 

the  typical  form  is  that  of  a  round-ended,  straight, 
or  slightly  curved  bacillus,  it  is  very  apt — perhaps 
as  a  result  of  degeneration — to  appear  clul>-shaped 
or  pointed  at  the  ends,  irregularly  segmented,  and 
to  develop  at  the  ends  or  elsewhere  a  strongly  re 
fractile  mat-erial  which  stains  more  deeply  than  the 
rest  of  the  protoplasm. 

^  The    diphtheria    bacillus    is    immobile,  asporo- 
genous,   grows  best  at  blood  heat,  and  thrives  on 

Fia.iB6.-BAc:iLLi;sD>PHTHEii[«.      ^^^   „f    (^^   artificial   culture  media.       In  fluids  it 
hrom  MudHte  m  the  thrust  of       may  be  killed  bv  an  exposure   of   ten   minutes   to  B 

r««u1siiiies  of  ihc  bncitii  in  shape       temperature  of  OB    V.;  or  ol  one  minute  to  bollinjt,  but 
nnd  9i>e  and  coloration.  it  may  remain  alive  for  weeks,  or  even  months,  in 

fragments  of  dried  membrane.     It  may  be  stained 

with  Loffler's  alkaUne  methy1ene~blue  solution  or  by  Gram's  method. 
It  is  subject  to  extreme  variations  in  virulence,  forms  occurring  which  with  all  the 

usual  cultural  characteristics  are  not  at  all  virulent.' 

Action  of  the  Bacillus  in  AnimalB. 

virulent  cultures  subculaneously 

For ii  r(,umi  and hihl iogmphy  of  studies  r slutins  to  diphthf >ritic  scpCi<« mia see  flmun  u 
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usually  occurs  in  from  two  to  five  days.  In  addition  to  the  local  lesions  there  may  be 

— but  this  is  not  constant — swelling  of  the  adjacent  and  o^the abdominal  lymph-nodes, 
serous  effusions  into  the  pericardial,  pleural,  and  peritoneal  sacs:  swollen  spleen, 
albuminous  and  fatty  degeneration  in  the  liver,  kidney,  and  heart  muscles;  congestion 
and  sometimes  haemorrhage  of  the  suprarenals.  Microscopical  examination  shows, 
in  a  considerable  proportion  of  cases,  fragmentation  of  nuclei  and  other  evidences  of 
cell  death  at  the  seat  of  inoculation  and  in  the  viscera,  as  well  as  chromatolysis  of  gan- 

glion cells  in  the  anterior  horn.  Animals  which  survive  the  inoculations  may  later 
develop  paralysis,  and  a  similar  result  may  follow  the  injection  into  rabbits  of  culture 
fluids.  The  bacilli  do  not  usually  gain  access  to  the  body  at  large,  but  may  be  found 
at  the  seat  of  inoculations.  Inoculation  into  the  mucous  membranes  of  rabbits, 

pigeons,  and  certain  other  animals  may  result  in  the  development  of  a  pseudo-mem- 
brane somewhat  resembling  that  of  the  disease  in  man. 

Diphtheria  Toxin  and  Antitoxin  and  Diagnosis. 

In  its  growth  under  artificial  culture  some  strains  of  the  diphtheria  bacillus  de- 
velop and  set  free  in  the  culture  media  toxic  substances  whose  chemical  composition 

is  as  yet  unknown.  It  is  this  toxic  material  which  is  used  in  the  production  of  diph- 
theria antitoxin  (see  p.  164). 

We  have  already  considered  the  action  of  antitoxin  on  page  164  and  need  not  dwell 
upon  it  here.  For  methods  of  the  manufacture  and  tests  of  antitoxin,  consult  Park 

and  Williams,  "Pathogenic  Bacteria  and  Protozoa,"  1910. 
For  details  of  bacterial  diagnosis  consult  works  on  bacteriology  or  clinical  pathol- 

ogy. 
The  agglutinative  reaction  of  the  diphtheria  bacillus  is  not  suflSciently  definite  to 

permit  of  its  use  in  diagnosis. 

CoMMUNicABiLiTY. — While  the  possibility  of  the  transmission  of  the  diphtheria 
bacillus  by  domestic  animals  to  man  cannot  be  doubted,  the  usual  source  of  infective 
material  is  the  exudates  of  victims  of  the  disease,  or  virulent  bacilli  from  the  mouths 
of  healthy  persons  to  those  disposed  to  the  infection.  This  conveyance  -may  take 
place  directly  by  contact,  or  by  coughing  and  sneezing,  or  through  contaminated 
clothing,  bedding,  or  various  utensils.  The  susceptibility  to  diphtheria  is  greatest 
in  the  young. 

It  is  important  from  the  prophylactic  standpoint  to  remember  that  the  Bacillus 
diphtherise  may  remain  alive  in  the  mouth  of  the  human  subject  for  marty  weeks  after 
recovery  from  the  local  lesions  of  the  disease,  and  also  that  healthy  persons  when  the 

disease  is  prevalent  may  harbor  the  virulent  bacilli  in  their  mouths.* 

Other  Bacteria  of  the  Diphtheria -Bacillus  Group. 

WTiile  the  diphtheria  bacillus  varies  greatly  in  the  physiological  capacities  which 
determine  it^s  virulence,  its  general  morphological  and  cultural  characteristics  are 
fairly  constant.  There  are,  however,  non-virulent  bacilli  occurring  on  mucous  mem- 

branes under  normal  as  well  as  abnormal  conditions  which  considerably  resemble 
this,  but  which  differ  somewhat  in  both  morphological  and  biological  characters  from 
the  true  diphtheria  bacillus  and  its  variants.  Such  organisms  have  been  called  pseudo- 
diphtheria  bacilli  (Bacillus  Hoffmani).  These  non- virulent  forms  may  be  regarded  as 
attenuated  varieties  of  the  diphtheria  bacillus.^ 

The  so-called  Xerosis  bacillus,  which  has  l)een  repeatedly  found  in  xerosis  con- 
junctivae, is  apparently  a  member  of  the  diphtheria-bacillus  group. ^ 

1  See  for  a  study  of  the  diphtheria  V)acillus  in  the  mouths  of  healthy  persona  and  those  exposed  to 

the  disease  (Jmham-Smilh,  Jour,  of  HyR.,  vol.  iii.,  p.  216,  190.'i,  bibl.:  also  ibid.,  vol.  iv.,  p.  258,  1904. 
-  For  a  study  of  virulent  "pseudo-diphtheria"  bacilH  see  Hamilton  and  Norton,  Jour.  Inf.  Dis.,  vol. 

iii.,  p.  128.  1906. 
'  Graham-Smith,  Jour,  of  Hygiene,  vol.  iv.,  p.  306,  1904. 
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TETANUS.     (Lockjaw.) 

This  disease,  which  is  especially  marked  clinically  by  muscular 
spasm,  is  due  to  infection  by  the  Bacillus  tetani.  This  organism  is  rather 
widespread  and  in  some  places  very  abundant,  occurring  with  other 
germs  in  the  soil,  especially  in  manured  soil,  and  gaining  entrance  to 
the  body  through  wounds,  which  are  often  very  slight.  The  soil  in 
certain  regions  appears  to  harbor  in  especial  abundance  the  tetanus 
organism  or  its  spores.  Thus  in  certain  districts  on  Long  Island  and  in 
New  Jersey  slight  injuries  are  frequently  followed  by  tetanus.  The 

liability  to  infection  from  the  spores  is  greatly  enhanced  by  their  associa- 
tion with  other  organisms  or  with  dirt,  splinters,  etc.,  in  the  wound. 

The  Lesions  of  the  Disease. 

The  local  lesion  in  tetanus  is  usually  slight  and  not  characteristic, 
often  consisting  only  in  a  slight  suppuration. 

The  morphology  of  the  lesions  of  the  nervous  system  to  the  existence 

of  which  the  symptoms  of  tetanus  so  directly  point  is  yet  obscure.  Over- 
filling of  the  blood-vessels,  cellular  exudate  into  the  perivascular  spaces, 

chromatolysis  of  the  ganglion  cells  of  the  spinal  cord  are  common.  The 
bacillus  remains  for  the  most  part  at  the  seat  of  local  lesion  and  induces 
its  effects  by  the  elaboration  of  most  intense  poisons  or  toxins,  called 
tetano-toxins.  The  action  of  this  toxic  substance  appears  sometimes  to 
continue  in  the  body  after  the  death  of  the  organisms  which  have  elab- 

orated it.  This  infectious  disease  affords  a  most  typical  example  of 
toxaemia. 

Characters  of  the  Bacillus  Tetani. 

It  is  2  to  o /I  long,  slender,  and  motile,  often  growing  in  pairs  or  threads  and  prone 
to  develop  a  spore  in  one  end  (Fig.  167),  in  which  condition  the  bacillus  is  larger  at 
this  end,  being  club-  or  racket-shaped.  It  is  readily  stained.  At  the  room  tempera- 

ture it  grows  on  artificial  culture  media,  and  is  strictly  anaerobic,  flourishing  in  an 
atmosphere  of  hydrogen,  but  may  be  artificially  adapted 
to  other  conditions. 

The  spores  of  the  tetanus  bacillus  are  very  resistant 
to  drying,  to  heat,  and  to  various  chemical  disinfectants. 

Characteristic  tetanic  symptoms  followed  by  death 
may  be  induced  in  mice,  guinea-pigs,  and  rabbits  by 
subcutaneous  inoculation  of  cultures.      Man  and   the 

FiQ.  167.   Bactllus  Tetani.       horse  are  markedly  susceptible  to  tetanus;  birds  are  as  a 

From  a  culture;  showing  club-       ̂ ule  insusceptible.     If  the  tetanus  bacillus  be  grown  in 
shaped  ends  with  spores.  nutrient  broth  at  blood  heat  out  of  contact  with  oxygen 

the  toxin  is  developed  and  mingles  with  the  fluid.     This 
toxin  when  freed  from  living  germs  is  capable  of  induc- 

ing the  symptoms  of  the  disease.  Broth  cultures  may,  after  some  weeks,  have 
acquired  such  an  extreme  intensity  that  the  dried  poisonous  material,  separated 
from  the  inert  fluids  and  partially  purified,  may  be  fatal  to  a  mouse  weighing  15  gm. 
in  a  dose  of  0.00000005  gm.  Estimating  according  to  the  relative  weights  of  the 
subjects,  the  minimal  fatal  human  dose  would  be  about  0.00023  gm.  This  toxin  is 

rendered  inert  by  a  temperature  above  65°  C.  and  by  light. 



THE    INFECTIOUS    DISEASES  287 

Tetanus  Antitoxin. 

By  procedures  similar  to  those  described  in  diphtheria  immunization 
(p.  164),  the  tetanus  toxin  has  been  used  to  secure  artificial  immunity 

in  dogs,  goats,  and  horses,  and  here  also  the  blood  serum  of  the  immu- 
nized animals  has  been  prepared  and  employed  in  man  for  therapeutic 

purposes  with  some  degree  of  success.^ 
The  tetanus  toxin  induces  its  effects  in  the  body  chiefly  by  its  action 

on  the  central  nervous  system.  It  has  been  shown  to  reach  the  nerve 

centres  from  the  seat  of  growth  of  the  bacillus,  by  way  of  the  axis  cylin- 
ders of  the  motor  nerves.  The  tetanus  antitoxin,  on  the  other  hand, 

which  may  be  injected  for  protective  purposes,  is  not  taken  up  by  the 

nerves,  but  passes  into  the  blood-  and  lymph-vessels  and  tissue  fluids. 
The  power  of  the  antitoxin  to  neutralize  toxin  is  apparently  limited  to 
that  portion  of  the  latter  which  has  not  been  absorbed  by  the  nerves, 
but  is  still  free  either  at  the  seat  of  production  or  in  the  blood  or  lymph. 

The  theoretical  promise  of  the  tetanus  antitoxin  for  therapeutic 
purposes  in  man  is  thus  in  practice  rendered  in  a  large  measure  futile, 
because  the  existence  pf  the  disease  is  not  recognizable  until  the  tox- 

aemia is  sufficiently  marked  to  produce  the  nervous  symptoms,  at  which 
time,  union  of  the  toxin  with  the  nerve  tissues  having  been  effected, 
the  usefulness  of  the  antitoxin  is  limited  to  the  neutralization  of  the 

unabsorbed  toxin.  Statistics  are  as  yet  too  meagre  to  justify  a  final 
opinion  as  to  the  practical  value  of  tetanus  serum  therapy,  but  it  appears 
to  be  definitely  useful,  especially  when  applied  directly  to  the  nerve 
tissues. 

Diagnosis. 

For  purposes  of  diagnosis  it  may  be  necessary  to  inoculate  a  white  mouse  at  the 
base  of  the  tail  with  suspicious  material  at  the  same  time  that  morphological  examina- 

tion and  anaerobic  cultures  are  made.  Should  tetanus  develop  in  the  mouse  within 

a  few  days,  control  cultures  may  be  made  from  the  exudate  at  the  seat  of  inoculation.' 

Other  Bacilli  of  the  Tetanus  Group. 

Several  bacterial  species  are  already  known  which  may  be  classed  in  the  tetanus 
group.  While  varying  in  size,  these  bacilli  are  in  general  rather  large;  spores  form  in 
their  thickened  ends;  they  are  facultative  anaerobes;  some  do,  others  do  not  fluidify 

gelatin;  and  they  retain  the  stain  by  Gram's  method.  They  are  mostly  saprophytes 
and  have  been  found  in  milk  and  milk  products,  in  excrement  and  sewage,  et<;.  None 
is  known  to  be  pathogenic  in  man.  The  most  noteworthy  among  these  is  Bacillus 
pseudo-tetanicus,  Sanfelice,  which  in  morphology  and  growth  characters  resembles  the 
Bacillus  tetani,  but  does  not  form  the  toxin. 

Malta  Fever. 

This  disease,  which  has  been  most  frequently  observed  along  the  shores  of  the 
Mediterranean  and  in  India,  and  occurs  in  South  America  and  the  West  Indies  is 
characterized  by  prolonged  pyrexia  with  irregular  remissions.     In  the  rather  rare 

*  For  a  critical  r^sunU  of  tetanus  and  its  treatment  with  the  antitoxic  serum,  with  bibliography 
see  MoachcowiU,  .\nn.  of  Suiig.,  vol.  xxxii.,  p.  219,  1900. 

*  For  riaumi  of  characters  of  the  tetanus  bacillus  and  its  toxin  see  von  Lingelsheim,  Kolle  and 
Wassennann's  "Handbuch  der  Mikroorganismen,"  Bd.  ii.,  p.  566. 
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fatal  cases  there  may  be  considerable  enlargement  of  the  spleen,  albuminous  degenera- 
tion in  the  liver  and  kidneys.     Acute  nephritis  may  occur. 

It  is  said  that  there  are  constantly  present  in  the  spleen  in  this  disease  small 
bacilli  so  short  as  to  have  been  mistaken  for  cocci,  stained  by  (Jram,  readily  cultivated 
on  artificial  media.  The  result  of  inoculations  of  pure  culture  into  monkeys  and 
other  animals  tends  to  confirm  the  pathogenic  significance  of  the  organism,  which  has 
been  called  Micrococcus  melitensis.^ 

• 

BUBONIC  PLAGUE.     (Oriental  Plague;  Black  Death.) 

Types  of  the  Disease. — This  disease  presents  three  main  types — the 
bubonic,  pulmonary,  and  septicaemic. 

The  most  common  is  the  bubonic ^  which  is  characterized  by  an  intense 

inflammatory  hyperplasia  of  the  lymph-nodes,  most  frequently  the 
inguinal  or  axillary.  The  surrounding  tissue  may  be  involved; haem- 

orrhage, necrosis,  or  suppuration  in  the  nodes  may  occur.  Coincident 
with  these  local  reactions  there  may  be  albuminous  degeneration,  focal 

necrosis,  and  leucocytosis  from  toxaemia,  or  secondary  foci  of  inflamma- 
tion in  the  spleen  or  lungs  or  liver.  A  second  type  of  the  infection  is  the 

pulmonary y  in  which  larger  or  smaller  areas  of  the  lungs  are  involved  in 
broncho-pneumonia  with  associated  secondary  involvement  of  the 
bronchial  lymph-nodes.  In  the  sepiiccBrmc  type  of  bubonic  plague 
there  may  be  a  general  involvement  of  the  lymph-nodes  and  -nodules  of 
the  body  with  the  marks  of  toxaemia,  without  an  indication  of  the  point 

of  primary  infection.^ 
In  all  these  various  phases  of  the  disease  the  plague  bacillus  may  be 

present  often  in  enormous  numbers  in  the  primary  buboes  and  in  the 
secondary  lesions  and  in  the  viscera;  in  the  consolidated  areas  and  in 
the  sputum  in  the  pulmonary  type,  and  in  the  septicaemic  phases  in 
the  blood. 

Characters  of  the  Plague  Bacillus. 

The  plague  bacillus  was  discovered  in  1894  by  Kitasato  and  Yersin,  and  its  role  as 
the  excitant  of  the  disease  was  soon  established.  It  is  a  short,  thick,  motile,  round- 
ended  bacillus,  often  staining  more  deeply  at  the  ends  than  in  the  middle.  It  some- 

times grows  in  chains  and  may  be  capsulat^d,  not  forming  spores;  it  is  decolorized  by 

Gram's  method.  It  grows  readily  though  not  voluminously  on  the  ordinary  culture 
media  at  blood  heat.'  This  organism  is  killed  by  drying  for  a  few  days  and  by  expos- 

ure to  sunlight  for  a  few  hours.  Subcutaneous  inoculations  in  guinea-pigs  and 
rabbits  is  followed  by  local  hemorrhagic  and  serous  inflammation  with  typical  involve- 

ment of  the  regional  lymph-nodes  and  by  septicjpmia.  Death  may  follow  in  from  one 
to  five  or  six  days,  with  albuminous  degeneration  of  the  viscera,  hyperplasia  of  the 
spleen,  and  petechial  haemorrhages. 

Portals  of  Entry. — The  chief  portals  of  entry  in  man  are  abrasions 
or  wounds  of  the  skin,  the  lungs,  and  the  intestines.  The  spread  of  the 
infectious  material  in  overcrowded  and  unsanitary  districts  may  readily 
take  place  by  rats,  which  are  very  susceptible  to  the  disease  and  may 

1  Consult  Birt  and  Lamb,  Lancet,  1899,  ii.,  p.  701.  bibl. 

'^  For  a  risuni^  of  lesions  of  plague  see  FUxntr,  Trans.  AHsn.  Am.  Phys..  vol.  xvi.,  p.  481,  1901. 
'See  article  by  Dieudonni  in  Kolle  and  Wassermann'a  "Handbuch  der  Mikroorganismen,"  Bd. 

ii.,  p.  475. 
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be  infected  by  feeding.*  Through  mosquitoes  and  flies  also  the  bacilli 
may  be  conveyed  from  man  to  man  or  from  dead  rats  or  their  dejecta 

to  man.^ 
Preventive  Inoculation  has  been  largely  practised  in  the  East  by  the 

Haffkine  method.  This  consists  in  the  subcutaneous  injection  of  beef- 
tea  cultures  of  the  plague  bacillus,  which  have  been  killed  by  heating. 
Moderate  local  inflammatory  reaction  and  slight  fever  may  follow  the 
injection.  The  statistics  seem  to  indicate  that  among  exposed  persons 

the  mortality  may  be  considerably  reduced  by  this  preventive  inocula- 

tion.' An  anti-plague  serum,  prepared  by  the  immunization  of  horses,  has 

been  used  by  Yersin  with  at  leaist  promising  results.^ 

KSMORRHAGIC  SEPTICiEMU. 

Many  of  the  lower  animals  are  victims  of  acute  infections,  septicemic  in  character, 

often  with  petechial  haemorrhage-^  in  the  viscera  and  serous  membranes  and  marked 

intestinal  dLsturbances.     These  are  called  **  hemorrhagic  septicaemias." 
Associated  with  these  and  doubtless  their  inciting  agents  are  several  bacilli  which 

may  be  classed,  as  is  done  by  Hueppe,  Kruse,  and  others,  with  the  plague  bacillus 
under  the  designation,  the  hivmorrhagic  septicirmia  group.  These  are  mostly  small, 
short,  sporeless  forms  growing  readily  on  the  ordinary  media  as  facultative  anaerobes, 
not  fluidifying  gelatin  and  decolorizing  by  Gram.  Some  of  these  are  motile,  others 
not.  Among  these  may  be  mentioned  the  bacillus  of  mouse  typhus  ( B.  typhi  murium), 
the  bacillus  of  chicken  cholera  (B.  cholerse  gallinarum),  the  bacillus  of  swine  plague 
(B.  suisepticus).  Several  species  related  to  these  and  to  the  plague  bacillus  are 
pathogenic  in  man;  thus  the  B.  h^enwrrhagicus  septicus  of  Babes,  the  B.  hwrnorrhagicus 
of  Kolb,  the  B.  h<emorrhagicus  velenosus  of  Tizzoni  and  Giovanni. 

The  recognition  of  these  and  related  species  may  be  of  especial  significance  in  con- 

nection with  the  diagnosis  of  bubonic  plague  by  cultures  and  animal  inoculations.* 

Bacillus  Aerogexes  Capsulatus  (Bacillus  Welchii,  Gas 
Bacillus). 

This  bacillus  was  described  in  1891-92  by  AVelch  and  Nuttall.  Later 
studies  of  AVelch  and  Flexner  and  many  others  have  confirmed  the  orig- 

inal belief  that  the  bacillus  is  a  frequent  excitant  in  man  of  a  serious 
infectious  disease,  characterized  by  a  local  widespread  serous  and 
emphysematous  phlegmonous  inflammation,  frequently  associated  with 
gangrene  and  general  symptoms  of  a  profound  toxaemia. 

The  Bacillus  aerogenes  is  rather  large,  on  certain  media  spore-form- 
ing, is  often  encapsulated,  and  occasionally  forms  chains.  It  retains  the 

stain  by  Gram's  method.  It  is  anaerobic,  growing  readily  in  a  variety of  artificial  culture  media. 

Rabbits  are  not  susceptible  to  even  large  intravenous  injections  of 

*  The  ground  squirrels  along  the  Pacific  Coast  are  widely  infected  with  plague  bacilli  and  are  a 
menace  to  that  region,  see  Pub.  Health  Repts.,  U.  S.  Mar.  Hosp.,  xxv.,  27,  1910. 

'  On  insects  as  plague-carriers  see  Herzog,  .\m.  Jour.  Med.  Sci.,  vol.  cxxix.,  p.  504,  1905. 
'For  summary'  of  result  of  the  Haffkine  method  see  Forsyth,  Lancet,  vol.  ii.,  p.  1646,  1903;  also 

Slaughter,  Johns  Hopkins  Hoap.  Bull.,  vol.  xiv.,  1903,  p.  307. 

■*  Critical  summary  and  bibl.,  Netler,  Arch,  de  m^.  exp.,  t.  xii.,  p.  86,  1900. 
*  For  studies  on  various  forms  of  hspmorrhagic  infection  see  Babes,  Verb.  d.  deutschen  path. 

Geselkch.,  Bd.  ii.,  p.  262,  1900;  also  Kitt,  Kolle  and  Wassermann's  **Handbuch  der  Mikroorganismen," 
Bd.  ii.,  p.  559. 
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pure  cultures.  But  if  they  be  killed  soon  after  such  inoculation,  within 
a  few  hours,  at  room  temperatures,  an  abundant  development  of  gas 
occurs  throughout  the  body.  On  the  other  hand,  the  subcutaneous 
injection  of  a  very  small  quantity  of  the  fresh  oedematous  exudate  is 

followed  by  the  typical  local  and  general  marks  of  infection.  Guinea- 
pigs  are  more  susceptible  than  rabbits  to  inoculation,  either  with  cultures 
or  fresh  material,  and  develop  characteristic  lesions. 

While  infection  may  occur  without  gas,  in  most  cases  before  death 
and  especially  after,  there  is  an  abundant  formation  of  gas  in  the  tissues. 
This  is  largely  hydrogen  formed  through  the  splitting  by  the  bacillus 
of  either  sugar  or  proteins.  While  the  gas  may  be  present  in  any  of 

the  tissues,  in  the  body  cavities,  and  in  the  blood-vessels,  it  is  especially 
in  the  liver  after  death  that  the  marks  of  gas  accumulation  are  most 
striking.  This  organ  may  be  riddled  with  small  holes,  presenting  an 

appearance  which  has  been  characterized  as  "foamy  liver ^'  (Fig.  485, 
p.  738). 

Infection  may  occur  through  wounds  or  injuries  in  any  part  of  the 
body.  It  has  been  frequently  observed  in  pregnant  and  puerperal 

women.  ̂   Ulcers  of  the  stomach  and  intestine  or  of  the  urinary  tract 
may  be  portals  of  entry.  One  of  the  more  common  forms  of  local 
infection  is  the  so-called  gaseous  phlegmon  or  emphysematous  gangrene. 
Pulmonary  and  pleural  lesions,  appendicitis,  and  peritonitis  are  described, 
as  well  as  gaseous  abscesses  and  purulent  meningitis.  While  the  usual 
action  upon  the  tissues  is  the  induction  of  bloody  oedema  and  necrosis, 
this  bacillus  is  also  occasionally  pyogenic. 

The  natural  habitats  of  the  organism  are  the  soil  and  the  intestinal 
canal.  This  accounts  for  the  relative  frequency  of  infection  through  the 
intestinal  and  genito-urinary  tracts  and  through  wounds  contaminated 
with  dirt. 

Infection,  especially  from  the  intestinal  canal,  may  apparently  occur 
during  the  later  hours  of  life,  with  or  without  symptoms  and  with  a 
post-mortem  formation  of  gas.  It  is  often  difficult  to  determine,  since 
gas  formation  occurs  so  early  and  so  extensively  after  death,  whether  the 
entrance  has  or  has  not  been  effected  during  life.  It  seems  fair  to  infer, 
as  the  result  of  animal  experiments,  that  when  the  gas  formation,  even 

after  death,  is  widespread,  ante-mortem  infection  has  occurred. 
Concurrent  infection  with  other  organisms,  especially  the  pyogenic 

cocci,  is  frequent. 

Welch  and  Nuttall  early  called  attention  to  the  importance  of  recog- 
nizing the  possibility  of  infection  with  this  bacillus  in  judging  of  a  cer- 

tain class  of  cases  of  alleged  air  embolism. 
It  is  probable  that  the  Bacillus  aerogenes  capsulatus  is  identical  with 

forms  which  have  been  described  under  various  names  in  connection  with 

cases  of  gaseous  phlegmon,  or  so-called  malignant  oedema.^ 

^  For  a  study  of  B.  capsulatus  in  puerperal  infections  see  Little,  Johns  Hopkins  Hosp.  Bull.,  vol. 
xvi.,  p.  136,  1905. 

'  For  an  excellent  critical  r^sumS  of  this  subject,  with  bibliography,  see  Welch,  Johns  Hopkins 
Hosp.  Bull.,  vol.  xi.,  p.  185,  1900;  also  Ghon  and  Sachs,  Cbl.  f.  Bak.,  Abth.  I.,  Grig.  Bd.  xxxv.,  p.  665; 
Bd.  xxxvi.,  p.  1,  1904. 
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Malignant  (Edema. 

This  disease  is  of  occasional  occurrence  in  man  and  certain  domestic  animals, 

horses,  cattle,  sheep — usually  following  some  form  of  traumatism.  It  is  a  septicaemia 
with  local,  often  hsemorrhagic  oedema,  visceral  degeneration,  etc. 

The  bacillus  of  malignant  oedema,  Bacillus  cpdematis  maligniy  which  is  frequently 
present  in  dust,  in  putrefying  substances,  and  in  soil,  considerably  resembles  the 
Bacillus  aerogenes  capsulatus  in  both  its  morphological  and  biological  characters.  It 
is,  however,  more  slender,  and  more  apt  to  form  threads;  spore  formation  occurs 

readily  in  the  ordinary  media.  It  decolorizes  partially  by  Gram's  method.  Other 
differential  characters  are  to  be  made  out  in  cultures.  It  is  an  excitant  of  haemor- 
rhagic  oedema  in  animals,  but  with  slight  if  any  development  of  gas. 

Other  Bacteria  which  may  Induce  Hflemorrhagic  Septicaemia. 

Nearly  related  to  the  Bacillus  aerogenes  capsulatus  and  to  the  bacillus  of  malignant 
oedema  are  several  other  spore-forming  anaerobic  bacilli  occurring  especially  in  the 
earth,  in  excrement,  and  in  various  rotting  substances.  Some  of  these  appear  to  be  of 
pathogenic  significance  in  the  lower  animals  under  both  natural  and  experimental 
conditions. 

Thus  the  Quarter-evil  (Rauschbrand;  charbon  symptomatique),  especially  in 
Europe,  is  a  serious  infectious  disease  of  sheep,  goats,  and  cattle.  At  the  seat  of 
infection,  often  in  the  legs,  there  is  a  hemorrhagic  oedema  with  gas  formation,  the 

involved  region  often  becoming  much  swollen  and  black  in  color  ("black  leg").  The 
bacillus  which  is  the  excitant  of  this  disease  is  known,  and  preventive  inoculation  has 
been  practised. 

Howard  has  described  a  group  of  cases  of  hoemorrha^c  septiccemia  characterized  by 
hemorrhages  into  the  skin,  serous  membranes,  and  viscera,  in  which  capsulated  bacilli 
apparently  related  to  the  above-described  bacillus  of  Friedl^nder  (p.  216)  have  been 
found.  For  the  details  of  these  cases  and  their  relationship  to  other  forms  of  septi- 

caemia we  refer  to  the  original  paper.* 

Meat  Poisoning. 

Meat  poisoning  may  be  due  to  some  strain  of  Bacillus  enteritidis 
which  infects  various  animals.  The  meat  of  these  diseased  animals  is  not 

abnormal  in  appearance  or  taste  but  may  contain  the  organism,  and  if 
not  thoroughly  cooled  may  induce  serious  gastrointestinal  disorders  in 
man.  The  meat  of  diseased  cows  and  calves  most  frequently  has  been 
the  source  of  infection.  The  infection  is  most  common  in  summer  and 

the  infective  agent  may  apparently  be  conveyed  from  man  to  man 
through  excreta. 

Several  other  forms  of  meat  poisoning,  some  resembling  typhoid 

fever,  others  involving  a  mild  or  violent  gastro-enteritis,  others  especially 
characterized  by  toxaemic  symptoms  have  been  attributed  to  the  pres- 

ence of  various  bacterial  organisms  which  we  cannot  consider  further 

here.* 
Botulism. 

This  is  a  toxaemia  characterized  by  chills,  giddiness,  trembling,  headache,  and 
sometimes  vomiting  followed  by  symptoms  such  as  loss  of  accomodation,  dilated 
pupils,  ptosis,  aphonia,  etc.,  referable  to  the  action  of  some  toxic  substance.     Death 

1  Howard,  Jour,  of  Exp.  Med.,  vol.  iv.,  p.  149,  1899;  also  Blumer  and  Laird,  Johns  Hopkins  Hosp. 
Bull.,  vol.  xii.,  1901,  p.  45.     See  also  Typhus  and  Rocky  Mountain  Spotted  Fever. 

*  For  a  brief  rdsumi  of  this  group  see  Hiss  and  Zinsser  "Text-book  of  Bacteriology,"  p.  428,  1910, ana  ret.  therein. 
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may  follow  general  motor  paralysis  and  dyspnoea.  Visceral  hypereemia,  petechial 
haemorrhage,  and  albuminous  degenerations  may  be  found.  The  disease  has  been 
shown  to  be  due  to  an  anaerobic,  readily  cultivated  bacillus,  B.  botuliniis,  first  isolated 
by  van  Ermengem  from  a  contaminated  ham  which  had  poisoned  many  persons. 

It  is  believed  that  the  toxins  inducing  this  condition  are  formed  in  the  contamin- 
ated meats — ham,  canned  meat,  and  sausages — before  their  ingestion. 

RELAPSING  FEVER.     (Typhus  Recurrens;  Famine  Fever;  Spirillum  Fever;  Seven- 
Day  Fever.) 

This  disease  is  common  in  India,  Africa,  and  many  tropical  countries, 
and  has  occurred  in  Russia  and  in  the  United  States.  It  is  characterized, 
apart  from  the  fever  and  associated  symptoms,  by  the  presence  in  the 
blood  at  certain  periods  of  a  spiral  organism  discovered  by  Obermeier  in 
1873.  Two  cases  occurring  in  this  country  have  been  recently  reported 

by  Carlisle.^ 

The  Lesioxs  of  the  Dise.\se. 

There  may  be  albuminous  degeneration  in  the  viscera,  leucocytosis, 
catarrhal  or  croupous  inflammation  of  the  mucous  membranes  of  the 
respiratory  and  digestive  organs,  ecchymoses  in  the  skin  and  in  the 
mucous  and  serous  membranes.  There  may  be  pneumonia  and  pleurisy, 
degeneration  of  the  cardiac  muscle,  hyperplasia  of  the  mesenteric 

lymph-nodes. 
The  spleen  may  be  large  and  flabby,  this  change  being  so  extreme  that 

rupture  has  occurred  during  life;  it  may  also  be  the  seat  of  infarctions, 
and  these  have  given  rise  to  peritonitis. 

Characters  of  the  Spirochaeta  Obermeieri. 

In  the  blood  of  all  parts  of  the  body  during  the  febrile  attacks  may  be  found,  in 
very  large  numbers,  a  long,  slender  spiral  called  from  its  discoverer  Spirochxeta  Ober- 

meieri (Sp.  recurrentis)  (Fig.  168).  The  organisms  dis- 
appear from  the  blood  during  the  afebrile  intervals,  and 

it  has  been  shown  that  at  this  time  they  accumulate  in 
the  spleen,  where  they  are  destroyed  in  large  numbers, 
apparently  through  the  action  of  phagocytic  cells.  The 
organism  is  in  general  from  7  to  9  /i  in  length,  some- 
tiihes  longer,  and  performs  rapid,  undulating  movements. 

The    inoculation    of    healthy    men    and    of 

monkeys  with  the  blood  of  relapsing-fever  pa- 
Fio.  16S.— Spirochete       ticuts  which  coutaius  the  orgauism  induces  a 

Obermeieri.  similar  discase.     Norris  and  Pappenheimer  have 
made  successful  inoculations  of  white  rats  with 

a  spirocha?ta  believed  to  be  of  this  species.'  Pure  cultures  of  these 
organisms  through  several  generations  have  not  as  yet  been  made,  but 
for  the  reasons  indicated,  and  since  the  organism  has  never  been  found 

except  in  connection  with  the  disease,  there  is  every  reason  for  believ- 

»  Carlisle,  Jour.  Inf.  Dw.,  vol.  iii..  p.  233,  1906,  bibl. 
'  Xorris,  Pappenheimer  and  Floumoy,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  266,  1906. 
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ing  that  the  Spirochaeta  Obermeieri  is  the  excitant  of  relapsing 

fever.  ̂   The  organisms  are  considered  to  be  protozoa  by  many  ob- 
servers, though  Novy  regards  them  as  definitely  bacterial  in  nature. 

TICK  FEVER. 

This  is  a  disease  of  Uganda,  Abyssinia,  and  the  Congo  region  in 

Africa.  The  parasite  has  been  studied  by  Novy  and  Knapp,*  and 
designated  by  them  Spirochaeta  Duttoni.  The  pathological  changes  in- 

duced in  the  body  by  the  parasite  are  the  same  as  those  caused  by  the 
presence  of  the  Spirochaeta  Obermeieri.  The  organism  is  transferred  by 
the  bite  of  the  Ornithodorus  moubata,  a  tick  in  which  it  can  live  for  a 
long  time. 

Button  and  Todd*  have  been  able  to  induce  the  disease  in  monkeys 
by  causing  these  animals  to  be  bitten  by  the  infested  ticks. 

Morphologically  the  parasite  resembles  very  closely  the  Spirochaeta 
Obermeieri,  except  that  the  organisms  are  somewhat  thicker. 

VINCENT'S  ANGINA.* 

This  is  an  inflammation  of  the  mouth,  pharynx,  and  tonsils,  often 

associated  with  a  pseudo-membrane  and  sometimes  leading  to  ulceration. 
There  is  usually  but  moderate  systemic  disturbance.  While  in  the 
lesions  there  are  frequently  many  bacteria,  two  forms  usually  associated 

are  most  commonly  found,  one  spindle-shaped  resembling  a  bacillus, 
the  other  spiral-shaped,  longer  than  the  first,  with  shallow  irregular 
curves,  and  staining  with  difficulty. 

These  two  organisms,  formerly  thought  to  be  bacteria  living  in  sym- 
biosis, are  now  commonly  regarded  as  representing  different  phases  of 

one  organism,*  probably  protozoan,  and  related  to  the  spirochaetas. 
The  organisms  have  been  cultivated  artificially  under  anaerobic 

conditions.  But  their  relationship  to  Vincent's  angina  and  to  each 
other  may  wisely  be  considered  as  not  yet  fully  determined. 

YAWS  (FRABiBCESIA  TROPICA). 

This  disease  of  tropical  and  subtropical  countries  is  characterized 

chiefly  by  a  papular  eruption,  with  ulcerations  suggestive  of  a  relation- 
ship to  syphilis.  In  the  lesions,  Castellani  in  1905  demonstrated  spi- 

rochaetas resembling  Treponema  pallidum;  and  the  observation  has  been 

repeatedly  confirmed.  The  infective  agent  can  be  transmitted  to  mon- 

keys and  to  rabbits  by  inoculation  of  material  from  the  lesions.^     It 
1  See  for  rdsunU,  Novy  and  Knapp,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  291,  1906;  also  Wladimiroff  in  Kolle 

and  Waasermann's  "Handbuch  der  MikroorganUmen,"  Bd.  iii.,  p.  75,  1903,  bibl. 
^  Novy  and  Knapp,  Jour.  Inf.  Dis.,  1909,  iii.,  379. 
^DtUton  and  Todd,  Brit.  Med.  Jour.,  1905,  ii.,  1259;  Ross  and  Milne,  Brit.  Med.  Jour.,  1904,  ii., 

1453. 

*  Vincent,  -4nn.  de  I'inat  Pasteur,  xiii.,  606,  1899,  and  ibid,  Lancet,  1905,  vol.  i.,  p.  1260. 
»  Tunnicliff,  Jour.  Inf.  Dis.,  iii.,  148,  1906. 
•  See  for  a  study  of  experimental  yaws  in  the  monkey  and  rabbit,  Nicfwls,  Jour.  Exp.  Med.,  xii., 

616,  1910. 
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seems  clear  that  though  the  inciting  agent  of  yaws,  Spirocktria  perlenuis 
(Treponema  pertenuis)  resembles  the  syphilis  organism,  the  diseases  are 
entirely  distinct. 

HYDROPHOBU.     (Rabies.) 

Morphology  of  the  Lesions. 

This  ia  an  infectious  disease  occurring  most  frequently  in  the  car- 
nivora,  and  especially  common  in  dogs  and  wolves  and  usually  com- 

municated to  man  by  bites  of  the  rabid  animals. 
The  lesions  arc  not  constant  nor  are  they  charactrristic.  Though 

well  marked  in  some  cases,  in  others  they  are  but  very  slightly  developed. 
Changes,  when  present,  are  apt  to  be  most  pronounced  in  the  medulla 
oblongata  and  pons,  but  they  may  be  present  in  the  spinal  cord.     They 

the  vr.otls. 

consist  of  small  haemorrhages,  accumulation  of  leucocytes  in  the  peri- 
vascular lymph  spaces  about  the  blood-vessels  (Fig.  169)  and  around 

the  ganglion  cells,  of  thromlii  in  the  smaller  blood-vessels,  and  finally  of 

chromatolywis  of  the  ganglion  colls.' 
Changes  have  been  described  in  the  intervertebral  ganglia  and  in 

the  plexiform  ganglia  of  the  pneumogastrie  nerve,  which,  although  not 
limited  to  rabies,  are  yet  so  frequently  present  as  to  be  apparently  of 
value  in  diagnosis.  The  lesions  consist  in  degeneration  or  atrophy  or 
destruction  of  the  ganglion  cells  with  a  proliferation  of  the  endothelial 

cells  lining  the  capsule.' 
'  Boi/fw,  Jour.  Eip.  Mpci.,  vol.  v..  p.  .iSl.  1901. 
'  See  ffflrmrf  nml  MrCnnhi,.  L'nivi^rsily  MecI.  -Mug.,  vol.  itii[.,  p,  786,  1001. 
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Animal  Inoculations. 

Since  the  infective  agent  of  rabies  is  present  in  the  central  nervous 

system  of  victims  of  the  disease,  this  material,  i.e.,  brain  and  spinal-cord 
tissue,  especially  from  the  cord,  is  used  in  experimental  work.  This 

is  called  the  "virus"  of  rabies.  Rabbits  and  guinea-pigs,  as  well  as 
various  other  animals,  are  susceptible  to  subdural  injections,  after  tre- 

phining, of  a  small  amount  of  emulsion  of  the  infective  nerve  tissue. 
After  an  incubation  period  varying  in  different  animals,  these  succumb 

with  characteristic  symptoms  and  lesions.^ 

The  Excitant  of  the  Disease. 

The  infective  agent  appears  to  be  carried  especially  along  the  nerves 
from  the  point  of  inoculation  to  the  central  nervous  system,  where  it 
seems  to  develop.  It  is  not  present  in  considerable  quantity  in  either 
blood  or  lymph. 

It  is  known  that  the  infective  agent  is  in  the  saliva  and  salivary 
glands  of  rabid  animals,  and  that  it  may  be  present  in  the  saliva  of  the 
dog  from  three  to  five  days  before  the  symptoms  of  the  disease  appear. 
It  seems  to  be  especially  concentrated  in  the  central  nervous  system.  It 
is  readily  rendered  inert  by  corrosive  sublimate  and  other  germicides. 

It  resists  cold  even  to  —20°  C.  but  loses  virulence  after  one  hour's 
exposure  to  50°  C.     It  is  preserved  for  some  time  in  glycerin. 

It  has  been  found  that  the  rabic  virus  may  pass  the  pores  of  an  un- 
glazed  porcelain  filter  not  pervious  to  ordinary  bacteria,  so  that  some 
form  or  developmental  phase  of  the  organism  must  be  extremely  minute. 

Negri  Bodies. — In  1903  Negri  announced  that  he  had  seen  in  sections 
of  the  central  nervous  system  of  rabic  animals  within  the  ganglion 
cells,  rounded  bodies  from  1  /(  to  23  /x  long,  containing  vacuoles  and 
granules  often  grouped  around  a  larger  central  structure.  These  bodies 
he  regarded  as  parasites  belonging  among  the  protozoa  and  believed 
them  to  be  the  specific  inciting  factors  in  hydrophobia.  These  intra- 

cellular structures,  now  called  ''Negri  bodies,"  have  been  the  object  of 
many  careful  researches,  and  the  observations  of  Negri  have  been  in 
general  confirmed  and  extended. 

The  ''Negri  bodies"  arc,  as  a  rule,  most  abundant  in  the  large 
ganglion  cells  of  the  Hippocampus  major  (Amnion's  horn),  but  occur 
in  ganglion  cells  of  the  cerebral  cortex  and  elsewhere.  They  are  readily 

stained  and  appear  to  consist  of  a  rounded  or  oval,  homogeneous  base- 
ment substance  containing  a  central  body  surrounded  by  variously 

shaped  granules  (Fig.  170).  They  occupy  central  or  peripheral  posi- 
tions in  the  ganglion  cell  and  vary  greatly  in  number  in  different  cases 

of  rabies. 
Similar  cell  inclusions  have  been  found  in  animals  inoculated  with 

"fixed  virus"  (see  below),  but  they  are  smaller  and  more  difficult  of 
detection  than  in  street  rabies  and  in  animals  inoculated  with  the  street- 
rabies  virus.     Negri  bodies  have  been  found  in  nearly  all  cases  of  street 

•  For  further  data  see  epitome  in  Kolle  and  Hetich,  "  Bakteriologie,"  1906. 
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rabies  examined  for  them,  and  in  no  infective  or  other  disease  ihan 
rabies.  Their  constancy  in  street  rabies  has  led  workers  in  this  field 
to  regard  them  as  of  the  utmost  diagnostic  value.  While  their  nature  is 
not  yet  definitely  established,  their  morphology  and  staining  qualities 
seem  to  be  consistent  with  the  assumption  of  their  protozoan  character. 
They  have  indeed  been  named  by  Williams  Xeurorydes  hydrophobia. 

Their  uniform  pi-esence  in  street  rabies  and  the  frequent  presence  of 

® 
® 

smaller  similar  structures  in  fixed  virus  and  in  animals  inoculated  with 

this,  together  with  their  absence  in  diseases  other  than  rabies,  seems  to 
justify  the  tentative  assumption  of  a  specific  etiological  relationship  to 

hydrophobia.' 

Preparation  and  Staining  of  "Negri  Bodies." 
Williams-Lowden  Method. — While  the  earlier  studies  were  made  on  section!, 

Williams  and  Lowden'have  .shown  that  in  stained  smears  of  the  nerve  tissue  made 
upon  slides,  which  Is  much  simpler  than  sectioninji.  the  "Ijodies"  are  more  deafly 
demonstrated,  and  that  this  method  for  diagnostic  and  other  purposes  is  to  be 
preferred.  The  technique  of  making  and  slaining  smears  a.s  devised  bj-  Williams  and Lowden  is  in  outline  as  follows: 

On  a  clean  slide  a  small  bit  of  the  gray  matter  is  placed,  and  a  cover-glass  is  liichlli' 
pressed  upon  it.  spreading  it  into  a  thin  layer,  then  moved  along  the  slide,  leavings 
uniform  thin  smear  of  the  substance.     The  sniears  are  dried  in  the  air. 

Staining  may  be  done  by  the  Giemsa  solution  (p.  1037)  or  by  the  eosin  methvlene- 
blue  stain  of  Mallory.     The  latter  is  effected  as  follows: 

'For  on  mrvlUmt  r^<uiru<  nnil  sludj- of  "  N'ejici  boilipa"  nithbiblioflraph)- welFiVltaini  and  [«<»''■■ Jour.  Inf.  Vb..  vol.  iii..  p.  452.  19IM. 
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Fix  smears  in  Zenker's  fluid  for  one-half  hour;  rinse  and  place  in  iodinized,  95-per- 
cent, alcohol  for  fifteen  minutes;  in  95-per-cent.  alcohol  and  absolute  alcohol,  success- 
ively, one-half  hour  each;  a(}ueous  eosin  solution,  twenty  minutes;  rinse  in  water; 

place  in  Unna's  alkaline  methylene-blue  solution  (methylene  blue,  1;  cari)onate  of 
potash,  1;  water,  100)  diluted  1-5  or  1-10  for  fifteen  minutes;  differentiate  in  95-per- 

cent, alcohol  from  one  to  five  minutes;  dry  with  filter  paper;  balsam.  By  this  method 
the  cytoplasm  of  the  Negri  bodies  is  magenta  in  color,  the  central  bodies  and 

■associated  granules  dark  blue,  the  ganglion  cell-body  light,  and  its  nucleus  a  darker 
blue.^     The  red  blood  cells  are  a  brilliant  eosin  pink. 

Frothingham's  Impression  Method. — To  avoid  the  distortion  of  the  ganglion  cells 
and  the  disturbance  of  their  relationships  inevitable  in  the  "smear"  method,  and 
to  enable  the  operator  to  recognize  the  topography  and  thus  select  for  examination 
the  larger  cells  lying  just  outside  the  hilus  in  which  Negri  bodies  are  more  commonly 

found,  Frothingham  recommends  the  following  procedure  for  rapid  diagnosis.' 
Dissect  out  the  Ammon's  horn,  removing  extraneous  tissue  from  the  edges.  With 
scissors  cut  out  a  small  disc  at  right  angles  to  the  long  axis  of  the  organ  from  any 
part  desired  and  place  it  upon  a  board  near  its  edge  so  that  one  of  the  flat  surfaces  of 
the  disc  rests  upon  the  board,  the  other  being  exposed.  The  grouping  of  nerve  cells 
may  now  be  seen  in  distinct  white  Hnes. 

Place  a  thoroughly  cleaned  slide  upon  this  disc  of  tissue,  press  it  gently  and  lift  sud- 
denly. The  disc  adheres  to  the  wood,  and  an  impression  of  its  upper  surface  is  left 

upon  the  glass.  Repeat,  using  a  new  portion  of  the  slide  and  a  little  more  pressure. 
A  third  impression  is  made,  using  still  more  force,  and  a  fourth  using  sufficient 
pressure  to  flatten  the  disc  almost  completely. 

Before  these  impressions  have  dried,  place  in  methyl  alcohol  for  1/2  to  2  minutes 
or  longer.  Remove  from  the  alcohol  and  cover  with  Van  Gieson  stain.  Warm  gently 
for  1/2  to  2  minutes  till  a  light  vapor  rises.  Wash  in  water,  dry  with  filter  paper,  and 
examine  without  cover,  first  with  low  power  to  locate  best  cells,  then  with  oil  immer- 
sion. 

Frothingham  slightly  modifies  Van  Geison's  stain,  using  water  20  c.c;  saturated 
alcoholic  solution  of  fuchsin,  3  drops;  saturated  aqueous  solution  of  methylene  blue, 
1  drop,  prepared  fresh  each  day.  The  Negri  bodies  are  stained  pale  pink  to  pinkish 
red,  the  ganglion  cells  are  bluish. 

Preventative  Inoculation. 

Notwithstanding  his  total  ignorance  of  the  micro-organisms  con- 
cerned in  inciting  hydrophobia,  his  genius  in  wise  experiment  enabled 

Pasteur  to  establish  a  method  for  artificial  immunization  against  the 
disease  which  has  proved  most  beneficent. 

He  first  obtained  a  virus  of  high  and  definite  intensity.  This  was 
accomplished  by  a  series  of  inoculations  beneath  the  dura  mater  in 
rabbits  of  portions  of  the  spinal  cords  of  rabid  animals.  This  was  called 

^^ virus  fix6^^ — fixed  virus.  It  was  found  that  by  drying  in  the  air, 
spinal  cords  of  rabbits  having  definite  and  high  virulence — fixed  virus 
— with  due  protection  against  aerial  contamination,  the  virulence 
diminished  day  by  day.  With  virus  thus  obtained  of  virulence  ranging 
from  that  which  is  practically  inert  to  that  of  the  utmost  potency,  it 
has  been  found  possible,  by  subcutaneous  injections,  safely  to  accustom 
both  animals  and  men  to  the  presence  of  amounts  of  hydrophobia  virus 
contained  in  the  spinal  cord  emulsion,  which  under  ordinary  conditions 

^  For  the  details  of  the  Giemsa  stainihg  and  a  new  and  promising  stain  for  Negri  bodies  suggested 
by  Van  Gieson,  see  Williams  and  Lowden,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  452,  and  foot-note  p.  461,  1906. 

'-'See  Frothingham,  "The  Rapid  Diagnosis  of  Rabies,"  Jour.  Med.  Res.,  vol.  xiv.,  p.  471,  1906; 
also  Am.  Jour.  Pub.  Hygiene,  Feb.,  1908. 
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would  prove  speedily  fatal.  In  other  words,  it  has  been  found  possible 
to  confer  artificial  immunity  against  the  disease. 

This  process  occupies  several  days,  and  immunization  must  be  com- 
pleted before  the  disease  has  begun  to  manifest  itself;  but  as  the  incu- 
bation period  in  hydrophobia  is  fortunately  a  long  one — the  average 

is  about  forty  days — it  has  been  possible,  in  a  large  and  increasing 
number  of  cases,  to  save  the  lives  of  persons  bitten  by  rabid  animals.^ 

This  work  is  now  done  in  laboratories  maintained  for  the  purpose 
and  requires  care  and  experience  in  the  preparation  of  the  virus  as  well 
as  in  diagnosis. 

Diagnosis. 

In  view  of  the  importance  of  diagnosis  in  animals  which  have  died 
or  have  been  killed  under  suspicion  of  rabies,  the  brain,  spinal  cord, 
medulla,  and  ganglia  should  be  saved. 

The  presence  of  Negri  bodies  is  believed  to  be  diagnostic  for  rabies, 
80  that  these  should  be  sought  for  in  the  fresh  tissue  by  the  methods 
indicated  above.     But  considerable  experience  is  required  for  this  work. 

The  examination  of  the  plexiform  and  other  ganglia,  and  of  the 
perivascular  tissue  and  ganglion  cells  in  hardened  tissue  for  possible 
changes,  may  be  useful  in  cases  of  doubt,  though  not  in  themselves 
positively  diagnostic.  Finally,  it  ̂ lay  be  necessary  to  have  recourse 
to  the  so-called  biological  test  by  the  subdural  inoculation  of  suscep- 

tible animals  with  fresh  material  from  the  medulla  of  the  suspect.  Por- 
tions of  the  fresh  medulla  in  watery  emulsion  are  inoculated  beneath  the 

dura  mater  of  three  healthy  rabbits  or  guinea-pigs,  and  the  develop- 
ment of  rabic  paralysis  and  other  symptoms  awaited.  This  operation 

for  diagnostic  purposes  should  le  done  only  by  one  experienced  in  this 

subject.^ It  is  always  wise  not  to  kill  animals  suspected  of  rabies,  but  to  keep 
them  under  observation  in  confinement.  Rabies  being  always  fatal, 

recovery  from  a  suspicious  disease  excludes  it,  so  that  further  pro- 
tective measures  may  be  clearly  unnecessary.  On  the  other  hand,  the 

carefully  observed  symptoms  of  a  suspected  animal  may  even  in  the 
event  of  a  fatal  termination  afTord  valuable  evidence.  If  the  laboratorv 

for  diagnosis  be  accessible,  it  is  well,  if  the  suspected  animal  should  die 
or  be  killed,  to  send  the  whole  animal  or  the  head  cut  off  low  down, 
packed  in  ice.  Cold  does  not  rapidly  diminish  the  virulence  of  the 
rabic  virus.  If  the  material  is  to  be  transmitted  for  a  long  distance, 
after  the  preparation  of  impressions  or  smears  from  the  gray  matter  of 

Amnion's  horn,  the  brain  of  the  animal  with  the  medulla,  carefully 
removed  to  avoid  contamination,  may  be  sent  in  a  sterilized  bottle  con- 

taining a  mixture  of  equal  parts  of  glycerin  and  water,  which  has  been 
sterilized  by  boiling  and  cooled. 

*  Sec,  for  details  of  preventive  inoculations,  Park  and  Williams,  "PathoRenic  Bacteria  and 
Protozoa,"  1910;  also  for  general  summary  and  bibl.  Stimson,  Pub.  Health  and  Mar.  Hosp.  Ser.,  Bull. 
65,  1910. 

'  For  further  details  of  diagnosis,  see  ref.  to  Williams  and  Lowden,  p.  295:  Frothingham,  ref. 
p    296;  and  Park  and  Williams,  I.  c. 
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It  has  been  found  that  by  the  cauterization  of  the  wounds,  made  by 
rabid  animals,  with  fuming  nitric  acid,  the  infective  agent  may  be 
destroyed  even  after  the  lapse  of  several  hours. 

ACUTE  ANTERIOR  POLIOMYELITIS.     (Infantile  Paralysis.) 

Acute  anterior  poliomyelitis  is  an  infectious  disease  occurring  in 
epidemic  and  sporadic  forms,  affecting  especially  young  children,  and 
definitely,  though  apparently  not  readily,  communicable. 

While  before  1907  epidemics  of  this  disease  were  infrequent  in  the 
United  States,  since  that  time  it  has  wudely  prevailed.  In  Europe  also 
within  the  past  few  years  the  disease  has  been  of  frequent  occurrence 
and  widespread. 

It  is  characterized  by  an  exudative  inflammation  of  the  meninges, 
especially  of  the  spinal  cord,  but  often  involving  both  the  brain  and  the 

cord,  which  often  leads,  probably  by  compression  of  the  blood-vessels,  to 
destructive  changes  in  the  ganglion  cells,  particularly  of  the  anterior 
horns,  and  to  paralysis  and  atrophy  and  contracture  of  the  associated 
muscles. 

The  infective  agent  is  not  yet  known,  but  many  of  its  characters  have 
recently  been  established  through  animal  experiments.  Although  a 
series  of  earlier  studies  had  shown  that  the  disease  could  be  incited  in 

monkeys  by  the  intraperitoneal  injection  of  emulsion  of  nerve  tissue 
from  fatal  cases  of  infantile  paralysis,  it  was  not  until  1909  that  Flexner 
and  Lewis  succeeded  in  carrying  the  infective  agent  from  a  human  case 
on  through  several  monkeys  in  series,  by  the  intracranial  inoculation  of 

nerve  tissue  of  infected  animals.^  It  was  then  discovered  that  experi- 
mental infection  can  be  secured  by  inoculation  in  the  subcutaneous 

tissue,  blood-vessels,  and  nerves.  These  observers  found  further  that 
the  infective  material  may  be  present,  not  only  in  the  brain  and  cord  of 

infected  animals,  but  also  in  the  blood,  spinal  fluid,  naso-pharyngeal 
mucous  membranes,  and  lymph-nodes.  It  has  also  been  found  in  the 
salivary  glands. 

It  has  been  shown  that  the  infective  agent  can  pass  the  pores  of  a 
Berkefeld  filter,  but  it  is  so  exceedingly  minute  that  no  optical  or  cultural 
tests  reveal  its  presence.  Its  virulence  is  retained  after  drying  or 
preservation  in  glycerin  for  several  days,  and  it  is  readily  killed  by 

heat — 45°  to  50°  C.  for  30  minutes,  but  sustains  prolonged  cold. 
There  is  at  present  no  definite  clue  to  the  nature  of  the  ultramicro- 

scopic  organism  thus  shown  to  incite  the  disease. 
In  infected  monkeys  the  symptoms  and  lesions  of  the  disease  in  man 

are  fairly  reproduced.  The  lesions  in  the  monkey  are  primarily  and 
chiefly  cellular  infiltrative  changes  in  the  perivascular  lymph  spaces  of 
the  arteries  entering  the  nerve  tissues.  This  leads  to  temporary  occlu- 

sion of  the  vessels,  focal  haemorrhage  and  oedema  and  degeneration  of 
the  nerve  tissues  with  necrosis  and  disintegration.     While  the  brain  may 

*  Flexner  and  Levis,  Jour.  Exp.  Med.  xii.,  227,  1910;  see  also  for  general  review  of  poliomyelitis, 
flf<xner,  Jour.  Am.  Med.  Asso.,  Iv.,  405,  1910,  bibl. 
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be  involved,  the  lesions  are  especially  marked  in  the  spinal  cord  and 
medulla. 

For  details  of  the  lesions  in  man,  see  page  967. 

Communicahility. — Clinical  evidence  of  the  eommunicability  of 
epidemic  poliomyelitis  is  abundant.  Since  it  has  been  shown  by  Flexner 

and  Lewis,  not  only  that  the  naso-pharyngeal  mucosa  in  animals  arti- 
ficially infected  by  intracranial  injections  may  contain  the  infective 

agent,  but  that  on  rubbing  the  virus  from  an  infected  animal  over  the 

scarified  naso-pharynx  of  monkeys  characteristic  paralysis  may  follow, 
one  is  at  present  led  to  assume  that  the  discharges  from  the  mouth  and 

nose  of  victims  of  the  disease  should  be  properly  cared  for.* 
Immunity. — Flexner  and  Lewis  have  shown  that  a  certain  immunity 

is  secured  in  monkeys  by  a  successfully  weathered  artificial  infection. 

But  the  nature  of  this  immunity  is  not  yet  quite  clear,  nor  are  the  pre- 
liminary studies  on  the  production  of  immunizing  sera  sufficiently 

advanced  to  justify  very  confident  prediction  of  success  in  the  imme- 
diate future.^ 

TYPHUS  FEVER.     (Hospital  Fever;  Spotted  Fever;  Jail  Fever;  Ship  Fever,  etc.) 

This  highly  contagious,  infectious  disease  has  not,  so  far  as  we  know, 
any  characteristic  lesion  save  the  petechial  skin  eruption;  but  after 
death  the  body  may  present  lesions  common  to  many  of  the  infectious 
diseases.     It  may  be  classed  among  the  haemorrhagic  septicaemias. 

The  body  has  a  tendency  to  rapid  putrefaction,  and  the  hlood  is  often 
darker  and  more  fluid  than  is  usual  in  other  diseases. 

The  voluntary  muscles  may  be  the  seat  of  waxy  and  albuminous  degen- 
eration. The  brain  and  its  membranes  may  be  congested;  the  mucous 

membrane  of  the  pharynx  and  larynx  may  be  the  seat  of  catarrhal  or 

croupous  inflammation.  There  may  be  bronchitis,  broncho-pneumonia, 
or  hypostatic  congestion  of  the  lungs.  The  walls  of  the  heart  may  be 
soft  and  flabby. 

The  agminated  nodules  of  the  ileum  and  the  mesenlenc  nodes  may  be 
swollen.  The  spleen  is  often  large  and  soft  from  hyperplasia.  The 
kidneys  and  liver  are  frequently  large  and  pale,  and  the  seat  of  albuminous 
degeneration. 

It  was  shown  in  1909  by  Nicolle  that'  the  infective  agent  of  European 
typhus  may  be  conveyed  from  man  to  monkeys  by  the  blood,  a  typical 
eruption  characterizing  the  infection  and  that  it  was  transmissible  by 
body  lice.     But  the  attempt  to  infect  monkeys  in  series  was  not  successful. 

MEXICAN  TYPHUS. 

There  occurs  in  Mexico  a  febrile,  apparently  infectious  and  commu- 
nicable disease  characterized  by  a  petechial  eruption  and  resembling 

typhus  fever.     Its  identity  with  the  latter  has,  however,  not  been  posi- 

^  For  a  conHidcration  of  the  naso-pharyngeal  mucosa  as  a  portal  of  entry,  see  Flexner,  ref.  p.  299. 
'  For  an  int^reatinK  r^sumd  of  the  nature,  prevalence,  and  prevention  of  the  disease,  see  Frost,  Pub. 

Health  Rept«.  U.  S.  Mar.  Hosp.  Ser\'ice.  xxv.,  1663.  1910. 
'  Xicolle,  Compt.  rend.  Acad.  Sc,  cxlix.,  157.  1909. 
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lively  .established.  It  is  called  Tahardillo,  or  Mexican  typhus.  Like 
typhus,  it  seems  to  belong  to  the  group  of  haemorrhagic  septicaemias. 

Anderson  and  Goldberger*  in  1909  found  that  the  infective  agent  of 
Mexican  typhus  coul4  be  conveyed  by  the  infected  blood  to  monkeys. 

Ricketts  and  Wilder  in  1910^  confirmed  the  susceptibility  of  monkeys 
by  the  incitement  of  fever  and  other  symptoms  through  injections  of 
the  blood  of  human  cases.  They  also  secured  infection  in  monkeys  by 
the  bites  of  body  lice,  Pedicidus  vestamenti^  infected  from  man  and  from 
other  monkeys,  and  by  the  faeces  of  infected  lice  introduced  into  the  skin. 
Immunity  is  secured  in  monkeys  by  even  mild  infections. 

In  Giemsa  stained  preparations  of  the  blood  of  infected  patients 
from  the  seventh  to  twelfth  days,  short  bacilli  were  found  by  Ricketts 
and  Wilder  and  by  McCampbelP  but  could  not  be  cultivated.  These 
were  non-motile  and  in  general  resembled  those  of  the  haemorrhagic 
septicaemia  group.     Xo  trace  of  protozoa  was  discovered. 

ROCKY  MOUNTAIN  SPOTTED  FEVER.     (Tick  Fever.) 

This  infectious  febrile  disease,  occurring  chiefly  in  the  spring  in 

Montana  and  adjacent  Rocky  Mountain  States,  is  often  fatal,  not  com- 
municable, and  without  obvious  characteristic  lesions  save  petechial 

and  other  spots  of  the  skin  which  mark  it  as  one  of  the  groups  of  haemor- 
rhagic septicaemias. 

In  1902,  Wilson  and  Chowning  described  the  occurrence  of  ovoid 
bodies  in  the  red  blood  cells  of  the  victims  of  the  disease,  which  they 
regarded  as  protozoa,  and  believed  were  conveyed  through  the  bite  of 

ticks. ^  Later  observations  have  failed  to  confirm  the  presence  of 
the  alleged  protozoa  in  the  blood.  But  it  has  been  found  by  Ricketts 

and  Gomez^  that  guinea-pigs,  rabbits,  and  monkeys  are  susceptible  to 
the  disease  on  inoculation  with  the  blood  of  patients.  The  dijsease  was 
maintained  in  the  laboratory  by  alternate  passage  of  the  virus  in  blood 

or  organ  emulsion  through  monkeys  and  guinea-pigs.  It  w^as  found  that 
the  infective  agent  may  be  conveyed  by  the  bite  of  infected  male  or 
female  ticks,  Dcrmacentor  occidentalis;  that  it  is  transmitted  by  the 
infected  female  tick  to  its  young  through  the  eggs.  The  larvae  of  these 
eggs  feeding  on  susceptible  animals  may  incite  the  disease. 

Ricketts^  found  in  the  blood  of  fever  patients  and  of  infected  guinea- 
pigs  and  monkeys  small  bodies  resembling  short  bacilli.  These  are 
believed  to  be  bacteria,  though  attempts  at  culture  have  not  been  success- 

ful, and  are  conjectured  to  be  allied  to  the  haemorrhagic  septicaemia 
group.  They  are  agglutinated  with  specific  serum.  It  was  found  that 

after  the  infection  guinea-pigs  and  monkeys  acquire  definite  immunity 
and  that  their  serum  is  protective. 

*  Anderson  and  Goldberger,  Jour.  Med.  Res.,  xxii.,  469,  1910. 
^RickHla  and  Wilder,  Jour.  Km.  Med.  .A.8soc..  54,  463;  1304,  1373,  1910. 
'  McCampbell.  Jour.  Med.  Res.,  xxiii.,  71.  1910. 
*  Wilson  and  Chouming,  Jour.  Inf.  Dis.,  i.,  31,  1904. 
'^Ricketts,  Jour.  Inf.  Dis.,  iv.,  141,  1906. 
^  Ricketts,  Jour.  Am.  .Med.  Assoc.,  lii.,  379,  1909. 
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YELLOW  FEVER. 

Lesions  of  the  Disease. 

Yellow  fever  is  endemic  in  tropical  America,  occurs  on  the  west  coast 
of  Africa,  and  occasionally  invades  the  temperate  zones  of  America  and 
Europe. 

This  infectious  disease  of  man  is  without  characteristic  lesions  save 

for  the  haemorrhages  and  pigmentation  in  the  skin.  Such  other  lesions 

as  commonly  exist  are  those  common  to  toxaemia.  The  following  con- 
ditions are,  however,  frequently  present  after  death: 

Rigor  mortis  is  marked  and  occurs  early. 
The  brain  and  its  meninges  are  usually  congested.  The  skin  is  of  a 

yellow  color  from  the  presence  of  the  bile  pigment,  and  may  be  mottled 
by  ecchymoses.  Ecchymoses  are  frequent  in  the  mucous  and  serous 
membranes. 

The  heart  is  of  a  pale  or  brownish  yellow  color.  Its  muscular  fibres 
may  be  the  seat  of  fatty  degeneration.     The  lungs  may  be  congested. 

The  stomach  often  contains  a  characteristic  dark  fluid,  due  to  altered 

blood  pigment,  similar  to  that  which  is  vomited  during  life — black 
vomit.  Its  mucous  membrane  may  be  congested,  softened,  and  is 

sometimes  eroded.  The  intestines  are  dark-colored,  often  distended 
with  gas,  and  sometimes  contain  blood.  The  liver  in  the  earlier  stages 

of  the  disease  may  be  intensely  congested.  More  frequently  it  con- 
tains but  little  blood,  is  of  a  light  yellow  color,  and  the  hepatic  cells 

show  the  changes  of  an  intense  albuminous  degeneration,  often  much 
more  marked  than  are  found  in  any  other  disease  except  acute  yellow 

atrophy  of  the  liver.  Areas  of  focal  necrosis  may  be  present.  The  gall- 
bladder is  apt  to  be  contracted. 

The  spleen  shows  no  marked  changes.  The  kidneys  present  an 
intense  albuminous  degeneration.  The  tubules  usually  contain  masses 
of  hyaline  material. 

The  Excitant  of  the  Disease. 

While  its  mode  of  occurrence  and  the  characters  of  its  symptoms  and 
lesions  indicate  that  yellow  fever  is  an  acute  infectious  disease,  none  of 
the  various  studies  which  have  been  made  upon  its  etiology  has  as  yet 

revealed  the  presence  of  any  micro-organism  which  can  be  confidently 
accepted  as  its  excitant.^ 

The  Mode  of  Infection. 

It  has  been  shown  by  Reed  and  his  colleagues,  Carroll  and  Agramonte, 

that  the  infectious  agent  in  yellow  fever  may  be  transmitted  by  the  sub- 
cutaneous injection  into  a  healthy  individual  of  a  small  quantity  of  blood 

drawn  from  a  patient  in  the  early  stage — first  three  days — of  the  disease. 

1  The  various  studies  of  StemberR,  who  isolated  a  bacillus  which  he  called  "Bacillus  x,"  and  of 
Sanarelli,  who  fouud  a  bacillus  which  he  named  Bacillus  icteroidcs,  are  the  most  noteworthy  earlier  con 
tributions  to  the  subject.     A  later  study  and  references  to  the  bibliography  of  this  subject  may  be  found 
in  an  article  by  Reed  and  Carroll,  Jour.  Exp.  Med.,  vol.  v.,  p.  215,  1900. 
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It  has,  furthermore,  been  shown  by  repeate<l  and  abundantly  confirmed 

experiments  that  yellow  (ever  may  be  in<luced  in  a  non-lmnuine  indi- 
vidual by  the  bite  of  the  mosquito — Slegomyia  ciUoput — whifh  has  pre- 
viously— at  least  twelve  days — bitten  a  patient  in  an  early  stage  of  the 

disease.  Praetieai  sanitary  procedures,  based  upon  the  hypothesis  that 
this  mosquito  acts  as  an  intermediate  host  in  which  the  (unknown) 

yclIow-fever  parasite  passes  one  of  its  developmental  cycles,  have 
furnished  strong  evidence  that  it  is  through  the  intervention  of  this 
mosquito,  and  thus  only,  that  the  disease  is  conveyed.  For  it  has  been 
possible,  by  the  prevention  of  access  of  this  mo.squito  to  yellow-fever 
patients  through  the  use  of  netting  and  other  precautionary  mea.sures, 
practically  to  suppress  the  disease  in  Havana,  where  it  was  formerly 

endemic,  and  to  stifle  epidemics  elsewhere.'  It  has  been  further  demon- 
strated in  the  most  conclusive  way  that  the  infectious  agent  in  yellow 

fever  is  not  conveyed  directly  through  the  air  or  by  fomites.*  That  it  is 
an  extremely  minute  organism  is  shown  by  the  fact  that  it  can  pass 
through  the  pores  of  a  Berkefeld  filter. 

VARIOLA.     (SnuUpox.) 

Smallpox  is  an  acute,  readily  communicable,  infectious  disease, 
especially  characterized  anatomically  by  an  inflammation  of  the  skin 
which  passes  through  a  series  of  more  or  less  distinctive  phases  of  papule, 

vesicle,  pustule,  with  a  final  drying  of  the  exudate  and  necrotic  ti.ssue 
constituting  the  crust. 

Various  phases  of  the  cxanthem  are  used  to  designate  forms  of  the 
disease. 

oiViowm  ID  yellow  fever,  •«  Rird,  Carratl.  DDd  AaramanU.  Phila.  Med.  Jaur..  Octolwr  27Ih,  1U(M):  tilno 

Jour.  Am.  .M«).  AMD.,  vol.ixivi.,  p.  Ml,  1901;  Ampr.  MeJ.,  vol.  ii.,  p.  15,  IKOl:  BuKovm,  Amir.  MhI.. 

™l  ii.,  p,  809,  1901;  Ourfcam.  Thompson  Vnlra'  Labomtories  Report.  voL  iv.,  1901.  p.  485:  Hmi  and 
CnrTBlI.  Am«r.  MhI.,  vol.  ill.,  p.  301,  1903;  alao  CarroU.  Jour.  Am.  M«i.  .Ann.,  vnl.  xl..  p.  H^9,  IMU.  A 
■niniDscy  and  bibliocnphy  by  GoUBitrgtr  ■  in  Bull.  No.  IS  of  the  Yellow  Fever  Inxlilute.  1907. 

■  For  m  brief  rtium*  of  Ihe  nmoaa  for  the  belief  that  the  monquilo  Li  Ihe  »>t<-  mtc^nl  in  the  ronvpy. 
UM  of  the  InfKtious  aceaC  in  yellow  lever,  see  farttr.  Bull,  of  ihc  Yellow  Fever  Inalitiile.  No.  10. 

Jnly,  1903,  Bunau  of  Publir  Heiilth  and  Marine  HnapiUl  Serviee.  U.  S,  A.  For  a  desiTi|Uicm  of  the 
lUKluKo  SleRomyia  calopus  at>d  modea  of  praventjon  in  vellow  fever  lec  Ili^l  iiikI  fn'r.,!!.  Mt-il. 
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Secondary  lesions  are  diffuse  suppurative  inflammation  of  the  skin, 
congestion,  inflammation,  and  ulceration  of  the  mucous  membranes, 
haemorrhages  in  various  parts  of  the  body,  swelling  and  ulceration  of 
the  lymphatic  tissues,  albuminous  degeneration  of  the  kidney,  liver,  and 
spleen,  and  leucocytosis. 

The  skin  lesion  shows  in  general  at  first  circumscribed  areas  of  inflam- 
mation above  the  ends  of  the  papillae,  with  the  development  of  a  fluid- 

filled  reticulum,  so  that  vesicles  more  or  less  umbilicated  are  formed 
(Fig.  171).  These  at  first  contain  a  clear  fluid,  but  by  the  gathering  of 
pus  cells  the  fluid  becomes  turbid  and  accumulates  to  form  a  pustule. 

Hand-in-hand  with  these  changes  the  papillae  and  adjacent  layers  of  the 
corium  may  become  infiltrated  with  cells.  The  contents  of  the  pustules 
and  the  necrotic  tissue  above  dry  and  form  the  crusts.  When  the 
changes  are  largely  confined  to  the  epidermis,  the  lesion  may  leave  no 
deformity.  But  if  the  changes  in  the  cutis  are  considerable,  cicatricial 
tissue  may  form,  leaving  scars.  The  association  of  local  haemorrhage 
wnth  the  above  changes  gives  rise  to  the  haemorrhagic  form  of  exanthem. 

Artificial  Immunization  in  Smallpox. 

Smallpox  affords  one  of  the  most  striking  examples  of  positive  and 
prolonged  acquired  immunity  conferred  by  a  successfully  weathered 
attack  of  an  infectious  disease. 

In  the  early  days  attempts  were  made  to  mitigate  the  virulence  of 
smallpox  acquired  by  exposure  in  the  usual  ways  by  artificial  inoculation 
of  material — virus — taken  from  a  smallpox  pustule.  The  usually 
relatively  mild  form  of  the  disease  induced  in  this  way  also  conferred 
immunity.  But  the  individual  was  during  his  immunization  a  source  of 
danger  to  others.  The  great  discovery  of  Jenner  that  by  inoculation 
with  virus  from  cowpox,  immunity  was  secured  against  smallpox  need 
not  be  considered  in  detail  here.  The  immunity  secured  in  this  way, 
while  not  absolute,  is  usually  effective  and  involves  as  a  rule  but  slight 

indisposition.  By  revaccination  after  an  interval  of  a  few  years  prac- 
tical protection  is  secured,  so  that  the  occurrence  of  smallpox  epidemics 

to-day  is  possible  only  through  neglect  of  simple  and  positive  protective 
measures. 

The  more  recent  view  of  the  immunity  conferred  by  vaccination 
against  smallpox  is  based  upon  the  demonstration  that  the  disease 
variola  in  man  and  the  disease  vaccinia  in  the  bovine  species  are  of 
the  same  nature  and  not  different,  as  was  formerly  believed.  This 
has  been  established  by  numerous  inoculation  experiments.  The  disease 
in  the  cow  is  a  modified  form  of  the  human  disease.  The  effect  of  the 

passage  of  the  unknown  micro-organisms  through  the  insusceptible 
bovine — thus  runs  the  rationale  in  the  new  light — is  so  to  diminish  the 
virulence  of  the  germ  that  by  its  subsequent  inoculation  in  man  immu- 

nity is  secured  without  the  profound  disturbance  w^hich  infection  with  a 
germ  of  unmitigated  virulence  would  involve.^ 

1  In  diphtheria  the  perfection  of  the  process  of  artificial  immunisation  and  the  CBtablishinent  of 
a  precise  and  successful  curative  method  are  the  direct  results  of  a  long,  patient,  logical  series  of  animal 
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The  Excitant  of  Smallpox. 

Bacteria. — The  large  number  of  studies  which  have  been  made  of  the 
skin  lesions  of  smallpox  and  of  vaccine  lymph  have  shown  that  bacteria 

of  various  kinds  are  frequently  present.*  Streptococci  and  staphylo- 
cocci are  especially  common  in  the  pustules  and  may  be  present  in  the 

blood  in  later  stages  of  severe  or  fatal  cases. ^  It  is  probable  that  the 
pyogenic  cocci  are  of  great  importance  as  complicating  factors  in  the 
disease.  But  there  is  no  evidence  at  hand  that  these  or  any  other  bac- 

teria are  its  primary  excitants. 

Protozoa. — While  it  was  natural  that  the  most  painstaking  search 
should  be  made  for  bacteria  in  the  lesions  of  smallpox,  there  have  been 
from  the  first  many  obvious  reasons  for  the  conjecture  that  this  disease 
as  well  as  the  other  exanthemata  might  be  incited  by  organisms  of  a 
different  nature.  In  fact,  as  early  as  1886  and  1887  bodies  were  found 
in  the  pustules  by  Van  der  Loeff  and  L.  Pfeiffer,  which  they  conjectured 
to  be  protozoa.  It  was  not  until  1892,  however,  when  Guarnieri  under- 

took a  series  of  noteworthy  experiments  in  animals,  that  the  nature  of 
the  suspected  structures  in  vaccine  lymph  became  clearer.  Guarnieri 
inoculated  vaccine  lymph  into  the  cornea  of  rabbits  and  noted  the 
appearance  after  a  few  days  in  increasing  numbers  in  the  epithelial 

cells  of  the  structures  which  had  been  previously  discovered  in  the  con- 
tents of  smallpox  pustules.  In  some  of  these  bodies  he  believed  that  he 

saw  amoeboid  movements.  These  bodies,  which  were  called  "vaccine 
bodies,^'  he  regarded  as  protozoa  and  named  the  species  Cytoryctes vaccince} 

These  observations  of  Guarnieri  on  the  vaccine  bodies  found  in  the 

lesions  of  both  vaccinia  and  variola  were  confirmed  by  Wasielewski"* 
and  many  other  observers. 

The  vaccine  bodies  of  Guarnieri  are  spheroidal,  oval,  or  irregular 
structures  from  1  /i  to  4  or  even  8  ju  in  diameter,  staining  readily  with 
various  dyes,  the  central  portion  giving  in  general  the  staining  characters 
of  nuclear  substance,  a  peripheral  zone  being  sometimes  differentiated 
by  cytoplasmic  stains.  The  bodies  often  lie  close  upon  the  border  of 
the  nucleus  of  the  epithelial  cells,  sometimes  lying  in  a  depression  of  the 
nuclear  border.  They  may,  however,  lie  in  other  parts  of  the  epithelial 
cytoplasm.  They  are  frequently  surrounded  by  a  clear  space,  which  may 
become  of  considerable  size.     They  have  not  been  found  in  the  nucleus. 

exi>eriment3  with  a  definite  end  in  view,  and  by  the  use  of  the  absolutely  identified  and  weIl-kno\%Ti 
germ  which  induces  the  disease.  On  the  other  hand,  it  is  not  a  little  curious  that  in  smallpox  and  in 
hydrophobia  effective  methods  of  immunization  should  have  been  perfected  without  precise  knowledge 
of  the  micro-organisms  which  incite  the  diseases,  and  yet  by  procedures  which,  though  somewhat  em- 

pirically hit  upon,  are  neverthclcw  in  close  accord  with  those  which  the  most  recent  studies  on  immunity 
in  general  have  shown  to  be  effective.  Thus  in  both  smallpox  and  hydrophobia  the  material  used 
for  protective  inoculation  is  that  which  has  been  artificially  reduced  in  virulence;  in  the  one  case — small- 

pox— by  its  passage  through  the  body  of  a  relatively  insusceptible  animal;  in  the  other — hydrophobia- — 
by  drying  in  the  air. 

^  See  Huguenin,  Lubarsch  and  Ostertag's  "Ergebnisse."  Jahrg.  iv.,  p.  387,  bibl. 
'See  report  by  Eiving,  Trans.  Assn.  Am.  Phys.,  vol.  xvii.,  1902,  p.  213;  also  Perkins  and  Pay,  Jour. 

Med.  Rej.,  vol.  x.,  1903,  p.  180. 
'  This  name  was  given  because  the  bodies  frequently  lay  in  small  spaces  in  the  cell  protoplasm, 

which  he  assumed  to  have  been  formed  by  the  destructive  action  of  the  parasite. 
*  Consult  for  a  most  admirable  summary  of  the  subject,  with  original  studies,  photographs,  and 

bibliography,  Wa»ielew8ki,  Zeit-*ch.  f.  Hyg.,  Bd.  xxxviii.,  1901,  p.  212. 
20 
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Hand-in-hand  with  the  increase  of  these  bodies  there  are  progressive 
degenerative  processes  in  the  epithelium  of  the  inoculated  region,  with 
the  formation  of  various  structures  characteristic  of  the  degeneration 
of  protoplasm  under  a  great  variety  of  conditions. 

While  many  observers  following  Guarnieri  have  felt  justified,  largely 

on  morphological  evidence,  in  the  belief  that  the  vaccine  bodies  are  pro- 
tozoa, others  have  been  led  to  the  conclusion  that  many,  if  not  all,  the 

appearances  presented  can  be  accounted  for  by  protoplasmic  degen- 
erations induced  by  other  agencies.  Several  experimenters,  indeed, 

by  the  introduction  into  the  rabbit 's  cornea  of  chemical  and  other  sub- 
stances not  at  all  related  to  the  vaccine  virus,  have  been  able  to  induce 

degenerative  protoplasmic  structures  resembling  the  vaccine  bodies. 

The  studies  of  Ewing  on  this  subject  are  of  especial  significance.* 
It  is  evident  that  the  proof  on  morphological  grounds  alone  of  the 

protozoan  nature  of  such  minute  structures  is  a  task  of  extreme  difficulty, 
associated  as  they  frequently  are  with  the  readily  stained  products  of 
protoplasmic  degeneration. 

In  April,  1903,  Councilman  announced  the  results  of  a  long  series  of 
studies  by  himself  and  his  associates,  Magrath,  Brinckerhoff,  and  Tyzzer, 

on  the  excitant  of  smallpox.^  The  observations  of  Guarnieri,  Wasie- 
lewski,  and  others,  on  the  vaccine  body,  were  in  the  main  confirmed. 
These  observers  found  the  vaccine  bodies  in  the  lower  layers  of  skin  epi- 

thelium before  the  production  of  the  vesicles  and  in  the  advancing 
edges  of  the  young  vesicles.  They  found  morphological  evidence  of  the 

segmentation  of  the  bodies  and  the  formation  of  round,  spore-like 
structures  about  1  //  in  diameter.  Councilman  further  announced 
the  discovery  of  other  bodies,  not  before  described,  within  the  nucleus 
of  the  epithelial  cells  in  the  infected  region  in  man.  These  intranuclear 

structures  are  circular,  ring-like,  with  a  central  dot,  and  may  be  seen 
singly  or  in  clusters.  They  are  from  1  to  1.5  //  in  diameter.  These 
intranuclear  bodies  Councilman  regards  as  a  further  stage  and  as  repre- 

senting a  second  complex  cycle  of  development  of  the  smallpox  parasite. 
The  intranuclear  structures  he  believes  to  be  developed  from  the  spore- 

like bodies,  resulting  from  the  segmentation  of  the  intracellular  vaccine 
body,  which  penetrate  the  nucleus.  Councilman  finds  the  vaccine  bodies 
both  in  the  epithelial  cells  of  the  smallpox  lesion  in  man  and  in  the  lesion 

induced  by  vaccination  of  the  rabbit  and  calf.  •  But  the  intranuclear 
forms  have  not  been  found  in  the  latter  animals.  After  inoculation  of 

the  monkey  with  the  contents  of  smallpox  pustules,  both  the  intracellular 
and  the  intranuclear  forms  were  found.  He  believes  it  to  be  probable 
that  in  smallpox  the  parasite  undergoes  complete  development,  passing 
through  two  cycles,  an  intracellular  and  an  intranuclear,  while  in  vaccinia 

only  one,  the  primary,  cycle  is  achieved.' 

*  See  Ewing,  Jour.  Med.  Res.,  vol.  xii.,  p.  509,  1904;  also  ibid.,  vol.  xiii.,  p.  233,  1905. 
'"Studies  on  the  Pathology  and  on  the  Etiology  of  Variola  and  Vaccinia,"  Jour,  of  Med.  Res., 

vol.  xi.,  1904:  see  also  summary  by  Councilman,  Am.  Med.,  vol.  x.,  p.  689,  1905. 
'  For  studies  on  experimental  variola  and  vaccinia  in  monkeys  see  Brinckerhoff  and  Tyzxer,  Jour. 

Med.  Res.,  vol.  xiv.,  p.  209  et  seq.,  1906.  See  also,  for  studies  on  reaction  of  variola  virus  to  external 
conditions,  ibid.,  p.  352. 
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Calkins,  from  an  independent  study  of  the  material  furnished  by 
Councilman,  is  convinced  of  the  protozoan  nature  of  the  organisms  in 

question  and  now  groups  them  among  the  rhizopods.* 
It  is  clear  that  final  judgment  upon  the  nature  and  significance  of 

the^e  minute  structures  must  be  suspended  until  further  experiments 
upon  suitable  animals  shall  have  furnished  fuller  biological  data  than 
are  yet  at  hand,  which  may  sustain  the  evidence,  still  largely  morpho- 

logical, on  which  these  suggestive  conclusions  are  based.' 

SCARLET  FEVER.     (Scarlatina.) 

This  is  an  infectious,  readily  communicable  disease  characterized  by 
a  diffuse  skin  eruption,  and  frequently  accompanied  by  inflammation, 
either  catarrhal,  or  croupous,  or  gangrenous,  of  the  tonsils,  pharynx, 
and  larynx.  Focal  necroses,  albuminous  degeneration  in  the  viscera, 
and  leucocytosis  with  moderate  eosinophilia  may  occur. 

There  may  be  acute  hyperplasia  or  suppuration  of  the  cervical  lymph- 
nodes.  There  is  very  frequently  an  acute  exudative  or  an  acute  diffuse 

nephritis.^  The  spleen  may  be  enlarged.  Broncho-pneumonia,  endo- 
carditis, and  pericarditis  may  complicate  the  disease. 

The  exanthem  or  skin  eruption  in  scarlatina  is  a  simple  dermatitis, 
as  the  result  of  which  the  papillae  and  subpapillary  stratum  become 
infiltrated  with  fluid  or  leucocytes,  or  both,  the  leucocytes  being  gathered 
especially  about  the  blood-vessels.  There  may  be  small  haemorrhages, 
and  the  acute  phase  of  the  inflammation  is  followed  by  an  increased 
production  of  epithelium  and  an  exfoliation  of  the  superficial  layers. 
These  lesions  of  the  skin  may  be,  excepting  the  haemorrhages,  very 
slightly  marked  after  death. 

The  Excitants  of  Scarlatina. — That  the  disease  is  due  to  some  form 
of  micro-organism  there  can  be  no  doubt.  The  exact  nature  of  this 
organism  is  not  yet  known.  The  acute  nephritis  and  the  marks  of 
degeneration  and  focal  necrosis  so  often  present  appear  to  be  due  to  some 
poison  formed  in  the  body  during  the  disease. 

Mallory*  has  described  bodies  in  and  between  the  epithelial  cells  of 
the  epidermis  and  free  in  the  superficial  lymph-vessels  and  spaces  of 
the  corium  in  scarlet  fever  which  he  believes  to  be  protozoa  and  to  bear 
an  etiological  relationship  to  the  disease.  Most  of  these  bodies  are 
from  2  to  7  /j£  in  diameter  and  stain  with  methylene  blue.  A  series  of 
forms  are  found,  including  rosettes,  which  are  said  to  resemble  the  series 
in  the  asexual  development  of  the  malarial  parasite.  Further  studies 
will  be  required  to  establish  the  protozoan  nature  as  well  as  the  signifi- 

cance of  these  structures.^ 
'  Calkins,  Protozoology,  1909.  308. 
'Consult  for  general  bibliography  Freeman,  article  on  vaccination  in  "Cyclopedia  of  the  Diseases 

of  Children,"  vol.  v.,  suppl.,  p.  263;  or  Moore,  in  **  Twentieth  Century  Practice,"  vol.  xiii. 
*  For  a  special  study  of  kidney  lesions  in  scarlatina  see  Chapman,  Jour,  of  Path.,  vol.  xi.,  p.  276, 1906.  bibl. 

*  MaUory,  Jour,  of  Med.  Res.,  vol.  x.,  1904,  p.  483.     On  the  demonstration  of  the  alleged  parasites 
of  scarlatina  in  blister  fluids  see  Duval^  Univ.  Pcnn.  Med.  Bull.,  Nov..  1904;  also  Williams  and  Louden 
Studies  from  the  Reaearch  Lab.  of  the  N.  Y.  City  Health  Dept.,  iii..  42,  1907. 

'Consult  for  observations  not  confirming  the  conclusion  of  Mallory,  Field,  Jour.  Exp.  Med.  vii., 1905. 
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One  of  the  most  marked  features  of  the  disease  is  the  predisposition 
which  it  entails  to  the  incursions  of  pathogenic  germs  other  than  that 
which  we  believe  to  be  its  excitant.  Thus  an  infectious  croupous  inflam- 

mation of  the  mouth,  tonsils,  pharynx,  larynx,  and  trachea,  due  to  a 
streptococcus  (see  p.  212),  is  a  frequent  complication.  True  diphtheria 
due  to  the  LofBer  bacillus  is  also  prone  to  establish  itself  upon  the  vul- 

nerable inflamed  mucous  membranes.  So  also  the  frequently  associated 

pneumonia,  the  inflammatory  hyperplasia  and  suppuration  of  the  lymph- 
nodes,  suppurations  in  various  parts  of  the  body,  the  endocarditis  and 
pericanlitis  which  are  not  uncommon,  may  all  be  due  to  a  secondary 
infection  with  the  pyogenic  cocci. 

('onjunctiva.  From  a  preparutiun  nf  llr.  N'ogiichi.  Thr  hadii^  nre  id  a  ..•mall  rliister  orar  the 
Diirlris  of  the  cell  nciir  the  centre  of  the  rut.  Tht  outline  of  (he  rcU-bo.b' h»»  liven  Lost  in  the  icpm- 
iliiciioii  of  the  photosniph. 

TRACHOMA. 

The  inflammation  of  the  conjunctiva,  known  as  trachoma,  has  long 
been  Huspected  to  be  of  infective  nature.  But  it  was  not  until  1907  that 

Halhei-staedter  and  v.  Prowazek,'  and  Greff-  described  the  occurrence  in 
I  Hnlbf  Manlier  unil  v,  Pro«-«!rk.  IJeul.  Me<l.  WchnBchr..  imiii.,  11>83.  1907. 
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the  epithelial  cells  of  the  conjunctiva  in  the  early  stages  of  the  disoase  of 
extremely  minute,  rounded  or  oval  bodies,  smaller  than  the  smallest  cocci, 
not  staining  with  Gram,  but  reddish  or  violet  with  Giemsa. 

These  bodies  are  surrounded  by  a  clear  mantle,  staining  blue  with 
Gicmsa,  and  are  often  paired.  They  are  called  Trachoma  Granules  or 
Bodies.  The  trachoma  granules  arc  found  chiefly  in  the  epithelial  cells, 
often  grouped  in  concentric  masses,  clo.so  to  the  nucleus  (Fig.  172), 
They  sometimes  fill  and  distend  the  cells  (Fig.  173).     They  vary  con- 

FlQ.     17J.      TKACHOUA    BllDIE-. 

Conjunctivu.    From  a  prcparatinn  of  Dr.  NoKiirhi.     The  ■■hoiiiri-  nmriy  Ell  Iht  rpll  near  Ihc  ccnlre 
cif  Ihe  rut  nnd  p.irllj-  suiToun<f  the  nuclou... 

siderably  in  size.     They  increase  rapidly  within   their   mantles  which 

presently  they  i-eplace. 
These  bodies  were  calletl   Chlamydozon  because  of   the  surrounding 

mantle.     They  are  not  very  abundant  and  may  soon  disappear.     Their 

significance  and  nature  do  not  seem  at  present  clear.' 
MEASLES. 

A    readily   communicable   infectious   di8ea.se,   the   mcst   prominent 
features  of  which  arc  an  intense  hyperemia  with  inflammation  of  the 

'  For  n  study  and  hil>l.,.c^-.V<pi,ur;ann,ICu/i™.I*roc.N.  Y,  Path.  Soe.,  x.,  20,  1910. 
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skin,  associated  with  catarrhal  inflammation  of  the  mucous  membrane 
of  the  air  passages.  The  inflammation  of  the  skin  is  anatomically  of 

the  same  general  type  as  that  in  scarlatina.^  Albuminous  degeneration 
of  the  kidney  or  acute  exudative  nephritis  may  occur.  Focal  necrosis 

in  the  liver  and  kidneys  have  been  described  by  Freeman.' 
The  more  common  secondary  lesions  are  broncho-pneumonia,  pseudo- 

membranous inflammation  of  the  pharynx  and  larynx,  suppurative 

inflammation  in  various  parts  of  the  body,  and  diphtheria.  These  compli- 
cations, as  in  scarlatina,  are  doubtless,  in  part  at  least,  due  to  secondary 

infection  with  other  germs  than  those  causing  the  disease  itself. 
The  excitant  of  measles  is  not  known. 

Canon  and  Pielicke  in  1892'  recorded  the  discovery  in  the  blood  in  fourteen  cases 
of  measles  of  very  small  bacilli,  about  as  long  as  the  radius  of  a  red  blood  cell,  but 
varying  considerably  in  size.  These  bacilli  were  sometimes  abundant,  sometimes 
scanty  in  the  bloqd,  lying  singly  or  in  heaps.  Meagre  cultures  were  obtained  in  three 
cases  in  beef  tea.  They  did  not  seem  to  grow  on  the  ordinary  solid  media.  Bacilli 
similar  in  form  were  found  in  the  exudate  from  inflamed  mucous  membranes  in 

measles.  The  observations  of  these  writers  are  interesting  and  suggestive,  but  until 
they  shall  have  been  confirmed  by  others  and  greatly  extended  nothing  can  be  assumed 
as  established  regarding  the  etiological  significance  of  the  germs. 

Inoculation  of  Measles.^- Although  readily  conveyed  in  natural  ways 
from  one  human  being  to  another  predisposed  individual,  the  attempts 
at  experimental  inoculation  of  the  infectious  agent  in  measles  in  man 
have  not  led  to  very  definite  conclusions.  Hcktoen  succeeded  in  two 
cases  in  inducing  typical  measles  by  the  injection  of  material  derived 

from  the  blood  at  an  early  stage  of  the  disease.* 

MALARIA. 

The  Lesions  of  Malaria. 

The  characteristic  lesions  of  acute  malarial  infection  are  found  in  the 

blood,  the  liver,  spleen,  kidneys,  and  brain. 
The  alterations  in  the  blood  are  chiefly  confined  to  the  diminution  in 

number  of  the  red  corpuscles,  due  to  their  destruction  by  the  parasites 
developing  in  them  and  to  a  reduction  in  the  hapmoglobin  content  of 
those  which  do  not  contain  parasites.  These  changes  are  apparently 
due  to  some  toxic  agent,  for  which  there  is  additional  evidence  in  the 
polychromatophilia  and  granular  degeneration  of  the  body  of  the  red 
cell  so  often  present  in  severe  malarial  infections.  The  evidence  of  some 
poison  acting  on  the  protoplasm  of  the  red  cells  is  found,  not  only  in 
those  cells  in  which  the  organism  is  developing,  but  more  abundantly 
in  those  cells  in  which  no  plasmodia  are  present. 

The  leucocytes  show  slight  qualitative  changes,  there  being  usually 
present  a  relative  increase  in  the  large  mononuclear  cells.  Pigmented 
leucocytes  are  often  seen,  and  in  very  severe  infections  large  macrophages 

*  For  a  study  of  epithelial  cell  changes  in  measles,  see  Eiving,  Jour.  Inf.  Dis.,  vi.,  1,  1909. 
^  Freeman,  Arch,  of  Pediatrics,  February,  1900. 
»  Berliner  klin.  Wochenschr.,  Apr.  18th,  1892. 
*  For  a  risumi  of  earlier  attempts  at  inoculation  of  measles  and  his  own  experiments  see  Hektoen, 

Jour.  Inf.  Dis.,  vol.  ii.,  p.  238,  1905. 
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loaded  with  pigment  may  be  seen  in  the  circulating  blood.  In  severe 
cases  the  pigment,  which  is  derived  from  the  haemoglobin  of  the  blood 
corpuscles  and  forms  the  granules  in  the  body  of  the  parasite,  may  be 
found  free  in  the  general  circulation,  but  is  usually  soon  removed  by 
the  leucocytes  and  the  phagocytic  cells  of  the  liver,  spleen,  and  bone 

marrow.  The  brain  in  cases  of  pernicious  a?stivo-autumnal  fever  is 
often  much  congested,  and  the  smaller  capillaries  may  be  filled  with 
enormous  numbers  of  the  plasmodia  in  various  phases  of  development; 
there  may  also  be  small  punctate  haemorrhages  in  the  white  matter. 
The  deposition  of  the  malarial  pigment  in  the  cortex  may  give  to  the 
latter  a  dark  reddish  brown  color,  or  it  may  be  almost  black.  The  spinal 
cord  shows  similar  changes. 

The  liver  in  acute  cases  may  show  focal  necroses  resembling  those 
present  in  other  infectious  diseases.  The  endothelium  of  the  liver 
capillaries  may  contain  much  pigment  (see  Fig.  473,  p.  721),  while 
the  lumina  of  the  capillaries  may  be  stuffed  with  plasmodia  in  various 
stages  of  development.  The  kidneys  may  show  albuminous  degenera- 

tion, and  while  the  intertubular  capillaries  may  be  filled  with  pigmented 
leucocytes  there  is  not,  as  a  rule,  a  great  accumulation  of  plasmodia  in 
the  vessels.  A  moderate  diffuse  nephritis  is  occasionally  seen.  The 
capillaries  of  the  mucosa  of  the  stomach  and  the  intestines  may  be  filled 
with  parasites  in  cases  with  choleraic  symptoms,  and  there  may  be  a 
considerable  amount  of  necrosis  in  the  epithelium  of  the  mucosa  of  the 
intestines.  The  bone  marrow  usually  contains  large  numbers  of  the 
Plasmodia,  chiefly  segmenting  forms.  A  good  deal  of  pigmentation  is 

present,  and  an  active  phagocytosis  is  carried  on,  mainly  by  the  giant- 
cell  macrophages  present  in  the  marrow.  Crescentic  organisms  may  be 
present  in  the  marrow  even  if  these  have  not  been  present  in  the  blood 
during  life. 

The  spleen  is  increased  in  size,  the  pulp  is  softened  and  very  dark, 
the  Malpighian  bodies  are  not  well  marked.  Microscopically,  the  organ 
is  greatly  congested;  many  of  the  red  cells  are  invaded  by  the  plasmodia 
which  are  often  in  the  segmenting  stage.  There  is  a  very  active  phago- 

cytosis by  the  macrophages  present,  often  so  extensive  as  to  include  the 
red  cells  with  their  contained  parasites. 

In  the  chronic  cases  the  patient  may  become  extremely  anaemic  with 
nucleated  red  cells  in  the  blood  and  a  great  reduction  in  the  number  of 
erythro blasts.  The  spleen  is  greatly  enlarged,  the  capsule  thickened  and 
adherent  to  the  surrounding  tissues.  The  cut  section  of  the  organ  is  of 

a  dark  brown  or  slaty  black  from  the  deposit  of  pigment.  The  Mal- 
pighian bodies  are  well  marked.  The  fibrous-tissue  trabeculae  are 

thickened,  as  is  the  reticulum  of  the  pulp;  the  pulp  cells  are  pigmented. 
The  liver  shows  a  marked  pigmentation,  especially  in  the  endothelium 

of  the  capillaries  and  in  the  so-called  perivascular  cells  described  by 
Kupffer,  while  occasionally  there  is  a  moderate  amount  of  new  connec- 

tive tissue,  which,  however,  does  not  follow,  as  a  rule,  the  anatomical 
distribution  of  the  connective  tissue  in  the  usual  atrophic  cirrhosis.  In 
chronic  poisoning  the  kidneys  may  show  a  chronic  diffuse  nephritis.     The 
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bone  marrow  may  remain  fairly  normal  except  for  the  deposition  of  pig- 
ment, or  there  may  be  seen  a  marked  hyperplasia  with  replacement  of 

the  normal  fatty  marrow  of  the  shafts  of  the  long  bones  with  red  marrow 
containing  normoblasts  or  even  megaloblasts  if  the  disease  has  been 
long-continued  and  severe. 

The  Excitant  of  Malaria. 

The  excitant  of  the  disease  long  known  clinically  as  malaria  is  a  small 
animal  parasite,  the  Plasmodium  malarice^  which  enters  the  red  corpuscles 
of  the  blood  and  in  the  course  of  its  development  destroys  them.  The 
destruction  of  each  cell  is  coincident  with  the  maturation  of  its  con- 

tained parasite,  which  segments  into  a  variable  number  of  spores,  or, 
more  properly,  merozoites,  a  phenomenon  which  is  also  coincident  with 
the  clinical  appearance  of  the  chill  and  its  accompanying  rise  of  tem- 
perature. 

These  parasites  of  the  red  cell  are  protozoa  belonging  to  a  special 

sub-group,  the  hcemospondia.  For  purposes  of  description  these  haemo- 
sporidia  of  human  malaria  may  be  classified  into  three  species  or  types, 
each  of  which  incites  a  different  clinical  form  of  disease  and  each  of 

which  also  differs  from  the  other  types  in  its  morphology.  These  types 

are  the  tertian,  the  quartan,  and  the  aestivo-autumnal  parasites. 
Tertian  and  Quartan  Types. — If  the  blood  of  a  patient  suffering  from 

tertian  fever  be  examined  shortly  after  a  chill,  a  number  of  the  red 

cells  will  be  found  to  contain  -small,  highly  refractile,  actively  amoe- 
boid bodies  which  are  the  early  forms  of  the  plasmodia  or  merozoites. 

The  latter  often  take  the  form  of  small  rings  surrounding  a  central  clear 
space.  This  is  especially  well  seen  in  stained  specimens  (Plate  I.,  Figs. 

1-4).  If  the  blood  be  again  examined  some  hours  later,  these  very 
small  forms  have  grown  to  a  considerable  extent,  and  small  brown  or 
black  granules  will  be  noted  in  the  body  of  the  Plasmodium.  This 
pigment  has  a  very  rapid  motion  inside  the  body  of  the  parasite.  If  the 
blood  be  examined  at  intervals  for  forty-eight  hours  the  organism  may 
be  seen  to  have  grown  so  large  as  to  occupy  nearly  the  whole  of  the  red 

cell  (Plate  I.,  Figs.  5-12),  which  becomes  somewhat  swollen  and  pale 
the  latter  effect  being  due  to  the  destruction  of  the  haemoglobin  of  the 
cell  by  the  parasite,  which  thus  produces  the  pigment  granules  of  melanin 
with  which  it  is  filled.  At  the  end  of  forty-eight  hours  the  pigment  has 
collected  in  the  centre  of  the  organism,  which  has  ceased  its  active 
amoeboid  motion.  Now  small  pale  spots,  which  are  the  nuclei  of  the 
segmenting  mature  form,  become  easily  visible  (Plate  I.,  Fig.  16),  and 
finally  the  red  cell  bursts,  and  the  small  merozoites,  each  containing  a 
nucleus,  are  set  free  to  enter  other  red  cells  and  to  repeat  the  cycle  in 

another  period  of  forty-eight  hours.  A  certain  portion  of  the  free 
merozoites  are  destroyed  by  the  phagocytic  leucocytes  and  other  cells. 
The  free  pigment  left  after  the  segmentation  of  the  mature  forms  is 
also  collected  by  these  phagocytes.  Thus  after  severe  and  prolonged 
attacks  of  malaria  the  leucocytes  are  fre(juently  filled  with  pigment. 
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The  quartan  organism  goes  through  a  cycle  similar  to  that  of  the 
tertian,  except  that  the  time  required  is  seventy-two  instead  of  forty- 
eight  hours.  There  are  also  a  few  minor  differences  in  the  morphological 
appearance  of  the  two  organisms.  Thus  the  small  early  amoeboid 
forms  of  the  Plasmodium  are  much  more  active  in  their  movements  in 
the  tertian  than  in  the  quartan.  The  pigment  in  the  tertian  is  very 
fine;  in  the  quartan  it  is  often  in  small  blocks  or  rods  and  is  much  coarser 
(Plate  I.,  Figs.  22-25).  The  mass  of  segmenting  merozoites  in  the 
tertian  organism  is  quite  irregular  in  shape  and  contains  frorii  fifteen  to 
twenty  individuals,  while  that  of  the  quartan  is  a  regular  rosette  in 
shape  and  the  merozoites  average  from  six  to  twelve  (Plate  I.,  Figs. 
26-28) . 

^stivo-autunmal  Type. — The  parasite  of  the  sestivo-autumnal  fever 
develops  in  the  blood  in  much  the  same  way  as  the  other  forms,  with 
the  exception  that  the  amoeboid  rings  arc,  as  a  rule,  smaller.  The 
signet-ring  shape  is  more  marked,  and  the  pigment  is  less  abundant 
(Plate  I.,  Figs.  31-34).  Another  peculiarity  of  this  organism  is  that 
the  development  of  the  larger  ama?boid  forms  takes  place  chiefly  in  the 
bone-marrow  and  the  spleen,  while  that  of  the  tertian  and  quartan  is  to 
be  seen  in  the  blood.  Thus  as  soon  as  the  plasmodium  of  the  sestivo- 
autumnal  type  has  grown  sufficiently  to  occupy  about  one-fourth  of 
the  red  cell,  it  disappears  from  the  peripheral  blood  and  can  be  found 
developing  in  the  blood  obtained  by  puncture  of  the  spleen,  or,  in  fatal 

cases,  from  the  bone-marrow  (Plate  I.,  Figs.  35,  36).  In  such  prepara- 
tions the  mature  plasmodia  may  be  found  and  the  segmenting  process 

followed  (Plate  I.,  Figs.  37-39).  The  organism  is  not  as  large  as  the 
tertian,  as  the  segmenting  form  usually  occupies  only  about  one-half 
of  the  somewhat  shrunken  red  corpuscle.  The  number  of  merozoites 
formed  is  about  fifteen.  The  time  of  the  developmental  cycle  in  the 

blood  is  forty-eight  hours. 
In  the  blood  of  a  patient  infected  with  the  apstivo-autumnal  parasite, 

there  are  alw^ays  found  within  a  few  days  after  the  beginning  of  the 
disease  a  moderate  number  of  crescent-shaped  bodies  with  pigmented 
centres  and  the  remnant  of  a  red  cell  about  them  (Plate  I.,  Figs.  43,  44). 

They  are  devoid  of  amoeboid  motion.  The  exact  nature  of  these  cres- 
eentic  bodies  was  quite  unknown  until  very  recently,  when  it  was  dis- 

covered that  they  are  cells  with  sexual  capabilities,  whose  function 
seems  to  be  the  prolongation  of  the  species  in  a  cycle  outside  of  the  human 

body.  It  had  long  been  known  that  certain  of  the  large  mature  amoe- 
boid forms  of  the  tertian  and  quartan  organisms  and  the  crescents  of 

the  a'stivo-autumnal  species  did  not  undergo  segmentation  into  mero- 
zoites, but  remained  circulating  in  the  blood.  When,  however,  the 

blood  containing  these  forms  was  examined  in  a  fresh  condition  on  a 
slide,  and  especially  if  the  blood  before  being  covered  was  allowed  to 
remain  in  a  moist  chamber  for  a  few  minutes,  changes  could  be  seen  to 
take  place  which  had  not  been  observed  in  perfectly  fresh  preparations. 
Certain  of  the  mature  organisms  set  free  long,  actively  motile  flagella 
which  entered  other  mature  forms.     In  stained  preparations  it  could  be 
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seen  that  each  flagellum  contained  some  of  the  nuclear  chromatin  of 
the  organism  from  which  it  arose,  and  that  this  flagellar  chromatin 
united  with  the  chromatin  of  the  body  which  the  flagellum  entered. 
The  crescentic  forms  under  suitable  conditions  go  through  the  same 

process,  the  male  crescent  giving  off  flagella,  one  of  which  in  turn  fer- 
tilizes another  crescent  of  slightly  different  morphology. 

P^vidently  this  is  a  sexual  process,  and  its  occurrence  only  in  blood 
which  has  been  drawn  from  the  body  suggested  the  probability  that 
under  ordinary  circumstances  it  takes  place  outside  the  human  host. 

The  truth  of  this  conjecture  has  recently  been  established,  and  the  proc- 
ess of  fertilization  and  maturation  of  the  fertilized  organism  has  been 

found  to  occur  in  the  stomach  of  a  particular  genus  of  mosquito,  the 
Anopheles.  Xo  other  type  of  mosquito  is  capable,  according  to  our 
present  knowledge,  of  acting  as  host  to  the  Plasmodium  of  human  malaria, 
though  the  organism  which  induces  malaria  in  birds  can  develop  in  a 
mosquito  of  the  genus  Culex.  Whether  the  Plasmodium  can  carry  out 
its  sexual  cycle  under  other  conditions  than  in  the  stomach  of  the 
Anopheles  is  as  yet  unknown.  If  an  Anopheles  bites  a  patient  with 

malaria,  the  blood  with  its  contained  organisms  is  drawn  into  the  stom- 
ach of  the  mosquito,  the  flagella  are  given  off  from  the  gametes  and  enter 

other  mature  forms  and  fertilize  them.  The  fertilized  organism  goes 
through  a  complicated  development,  and  the  resulting  sporozoite  finds 

its  way  in  the  course  of  a  few  weeks  to  the  salivary  glands  of  the  mos- 
quito host,  to  be  injected  into  the  blood  of  the  next  person  bitten. 

The  sporozoites  enter  the  red  cells,  becoming  the  small  amoeboid  forms 

or  merozoites  already  described.^ 
The  details  of  the  process  of  fertilization  and  the  formation  of  the 

sexual  cells  which  are  capable  of  carrying  on  the  cycle  in  the  mosquito 
have  been  best  observed  in  the  aestivo-autumnal  fevers,  so  that  the 
stages  will  be  here  described  in  connection  with  the  development  of  the 
crescent  gametes.  These  crescents  are  formed  chiefly  in  the  bone 
marrow  from  the  small  ovoid,  intracellular  bodies,  which  can  early  in 
their  development  be  distinguished  from  the  ordinary  amoeboid  forms 
by  their  more  abundant  coarse  pigment  and  oval  outline. 

The  adult  crescents  are  quite  constantly  present  in  well-developed 
cases,  and  are  often  found  in  the  blood  after  treatment  with  quinine  has 
caused  the  disappearance  of  the  amoeboid  bodies,  the  power  of  resisting 
the  action  of  drugs  being  much  more  marked  in  the  crescents  than  in 
any  other  form  of  the  Plasmodium.  Two  types  may  be  distinguished, 
both  of  which  begin  as  small  amoeboid  forms  and  gradually  mature  into 
oval  or  crescentic  organisms.  One  of  these,  the  microgametocytes,  or 

the  cells  producing  the  male  elements,  develops  and  gives  off  the  flagel- 
lum (microgametes) ;  the  other,  the  macrogametes  (female  elements), 

neither  form  nor  give  off  flagella.  According  to  Marchiafava  and  Big- 
nami^  the  microgametocytes  are  distinguished  from  the  macrogametes 
by  the  fact  that  in  the  former  (the  male  form)  the  pigment  is  gathered 

*  For  details  of  the  process  see  Scfuiudinn,  Arbeiten  aus  dem  Kals.  Gcsundheitsamte,  1902,  p.  169. 
'  Other  observers  claim  that  the  piffment  in  the  male  forms  is  scattered  throughout  the  plaamodium. 
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Description  of  Plate  I. 

Haematozoa  of  Tertian  Malaria. 

Figs.     1  to  4   Small  ring-shaped  merozoites  of  tertian  malaria;  2  and  3,  multiple 
invasion  of  a  single  red  cell. 

"        5  to  12.. .  .Amoeboid  forms  of  gradually  increasing  size. 
Fig.     13   Large  amoeboid  form  in  which  the  pigment  is  beginning  to  collect 

as  a  preliminary  to  segn^entation. 

"      14   Pigment  still  more  clumf>ed,  and  the  pale  areas  representing  nuclei 
begin  to  be  marked. 

"      15   Segmenting  form  with  an  irregular  mass  of  merozoites. 
"      16   More   symmetrical   type   of   segmentation    with  central  block  of 

pigment. 
'*      17   » .Free  merozoites  after  leaving  the  red  cell. 
''      18   Gamete. 

"      19   Microgametocyte  with  flagella  or  microgametes. 

Haematozoa  of  Qtiartan  Malaria. 

Figs.  20  and  21 .  .Small  ring  form  of  merozoites. 

"      22  to  25.. .  .Amoeboid  forms  with  coarse  pigment. 
"      26  to  28..  .  .Segmenting  forms. 
''     29   Gamete. 

30   Microgametocyte  with    microgametes  in  the  process  of  formation. 
t{ 

Haematozoa  of  i£stivo-Autumiial  Malaria. 

Figs.  31  to  34..  .  .Small  ring  forms,  some  of  them  on  the  surface  of  the  corpuscle;  32 
and  33,  multiple  invasion  of  the  red  cell. 

*'     35  and  36.  .Amoeboid  forms  found  in  the  peripheral  circulation. 
"      37  to  39.. .  .Large  amoeboid  forms  and  segmenting  parasites  found  only  very 

rarely  in  the  peripheral  circulation,  but  abundantly  in  the  spleen 
and  bone  marrow. 

"     40  to  42. ...  Young  crescentic  forms  not  found  in  the  peripheral  circulation, 
but  chieflv  in  the  bone  marrow. 

"      43  and  44 .  .  Adult  crescents  or  gametes,  found  abundantly  in  the  peripheral 
blood. 

"     45  and  46 .  .  Microgametocytes  becoming  oval  and  preparing  to  give  off  microga- 
metes. 

Fig.    47   Microgametocyte  giving  off  microgametes. 
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in  a  fairly  compact  mass  in  the  middle  of  the  crescent,  the  chromatin 
is  more  abundant,  and  the  entire  body  stains  faintly;  while  in  the  female 
form,  the  pigment  surrounds  the  rather  scanty  nuclear  chromatin  in 
a  ring  form,  the  cell  body  stains  deeply,  and  no  flagella  are  given  off. 
The  crescents  in  the  fresh  blood  show  no  amoeboid  motion,  and  even  the 
pigment  is  motionless.  They  are  either  crescentic  in  form  with  the 

pigment  collected  at  the  centre,  or  they  may  be  spindle-shaped  with 
somewhat  scattered  pigment,  or  finally  short,  thick  ovoid  bodies  with 
pigment  irregularly  scattered  or  more  frequently  gathered  into  a  ring 

about  the  nucleus.  They  are  all  contained  in  red  blood  cells  (endo- 
globular),  the  faint  remnant  of  the  red  cell  often  being  seen  as  a  delicate 
line  stretching  between  the  two  horns  of  the  crescent. 

The  formation  of  flagella  (microgametes)  does  not  take  place  in 
the  circulating  blood;  it  begins  only  after  the  blood  has  remained  on 
a  slide  for  a  few  minutes  or  has  remained  for  some  time  in  the  stomach 

of  the  mosquito.  These  flagella,  usually  about  four  in  number,  bud  out 
from  the  periphery  of  one  of  the  microgametocytes,  which  has  assumed 
a  spherical  instead  of  a  crescent  shape,  and  grow  to  a  length  of  three  to 
five  times  the  diameter  of  the  red  cell.  They  are  either  pointed  or 

bulbous  at  their  extremities,  or  they  present  swellings  at  irregular  inter- 
vals. Their  motion  in  warm-stage  preparation  is  rather  rapid,  and  they 

finally  become  detached  and  move  about  free  in  the  serum  (Plate  I., 
Figs.  45,  46, 47).  The  pigment  during  this  process  usually  remains  at  the 
centre  of  the  spherical  microgametocyte  and  is  actively  motile,  but  in 
preparations  stained  to  show  the  nuclear  chromatin  the  latter  may  be 
seen  to  penetrate  the  flagella  in  the  form  of  long  thin  rods  which  remain 
after  the  flagella  become  detached.  The  shell  of  the  red  cell  in  which 
the  crescent  has  developed  can  rarely  be  seen  in  fresh  preparations  of 
the  flagellate  forms.  These  flagella  penetrate  the  body  of  one  of  the 
macrogametes  present  on  the  slide  and  fertilize  it. 

This  process,  which  we  have  followed  in  an  artificial  preparation, 
seems  necessary  for  the  continuance  of  the  race,  and  is  normally  carried 
out  in  the  middle  intestine  of  the  mosquito  of  the  genus  Anopheles. 

The  actual  entry  of  the  microgamete  (spermatozoon)  into  the  macro- 
gamete  has  been  observed  by  MacCallum^  and  others  in  fresh-blood 
preparations. 

If  a  patient  in  whose  blood  mature  crescents  are  present  is  bitten  by 
the  mosquito,  the  parasites  develop  in  the  intestine  of  the  insect,  and  at 
the  end  of  two  days  the  fertilized  forms  may  be  found  adherent  to  the 
wall  of  the  intestine  as  small  pigmented  oval  bodies  quite  similar  to  the 
early  forms  of  the  crescents  developing  in  the  human  bone  marrow. 

Two  days  later  the  parasites  or  oocysts  are  much  larger  and  have  a  dis- 
tinct capsule,  while  by  the  sixth  day  they  may  measure  from  60  to  80 

fi  in  diameter.  They  contain  numerous  small  particles  which  are  nuclei 
due  to  the  frequent  division  of  the  original  nuclear  material,  and  the 
capsule  is  much  thicker.     At  the  end  of  a  week  the  parasite  contains  a 

*  MacCallum,  "On  the  Haematozoaa  Infections  of  Birds,"  Jour,  of  Exp.  Med.,  vol.  iii.,  1898,  p. 
117 
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large  number  of  slender  thread-like  rods  with  pointed  extremities,  each 
one  of  these  rods  having  nuclear  chromatin.  The  parasite  or  oocyst 
projects  through  the  wall  of  the  intestine  into  the  ccelom  cavity  of  the 
mosquito  host,  and  when  it  ruptures  these  minute  rods  or  sporozoites 
are  carried  by  the  lymph  currents  to  the  salivary  glands,  from  which 
they  may  be  injected  with  the  saliva  when  the  female  Anopheles  bites 
another  subject. 

The  sporozoites,  after  entering  the  circulation  of  man,  attack  the 
red  cells,  and  become  the  small  amoeboid  forms  described  above.  In 
two  or  three  weeks  the  formation  of  the  gametes  takes  place,  and  the 
crescent  forms  appear  in  the  blood. 

That  the  infection  of  man  in  this  way  is  possible  has  been  abundantly 

proven  by  allowing  mosquitoes  infected  with  aestivo-autumnal  organism;? 
to  bite  healthy  persons,  who,  after  a  period  of  incubation  of  about  ten 

days,  are  seized  with  an  aestivo-autumnal  type  of  fever,  and  the  char- 
acteristic organisms,  though  not  present  previously,  are  now  to  be 

found  in  the  blood.  The  mature  forms  of  gametes  of  the  tertian  and 
quartan  fevers  undergo  a  course  of  development  very  similarto  that  of 
the  aestivo-autumnal  fever,  and  are  derived  from  the  blood  of  the  infected 
patient  by  the  female  of  the  same  genus  of  mosquito,  the  Anopheles 

(Plate  I.,  Figs.  19  and  30).  The  sporozoites  find  their  way  to  the  sali- 
vary glands  of  the  mosquito  and  enter  the  blood  of  the  person  infected 

while  the  Anopheles  is  biting.  These  sporozoites  then  enter  the  red 
cells  as  the  small  amoeboid  forms  and  carry  on  the  sexual  cycle  in  the 
blood  until  either  the  tissues  of  the  body  finally  overcome  the  parasite, 
or  treatment  with  quinine  destroys  the  merozoites  by  means  of  its  toxic 
action  on  these  immature  forms.  ̂  

Methods  of  Examination  of  the  Blood  in  Malaria. 

There  are  two  methods  of  examining  the  blood  for  plasmodia,  in  fresh  preparations 
and  in  stained  smears.  Both  require  considerable  training,  as  the  artefacts  produced 
by  imperfect  technique  have  often  been  mistaken  for  organisms. 

The  Examination  of  Fresh  Blood. — To  examine  the  fresh  blood,  a  puncture 
is  made  in  the  pulp  of  the  finger  and  a  perfectly  clean  cover-glass  just  touched  to  the 
top  of  the  drop  of  blood  which  exudes  from  the  puncture.  The  cover  is  then  dropped 
without  pressure  on  a  clean  slide.  The  jiiameter  of  the  drop  on  the  cover-glass  should 
never  exceed  2  mm.,  because  if  more  be  taken  the  corpuscles  cannot  spread  out  in  a 
perfectly  thin  layer,  but  will  overlap  each  other  and  the  preparation  will  be  usele??. 
The  search  for  the  organism  should  be  made  with  a  one-twelfth  oil-immersion  lens  and 
a  moderate  illumination.  The  organisms  are  best  recognized  by  the  actively  motile 
pigment  in  the  clear,  highly  refractile  cell  body. 

The  Examination  of  Blood  After  Fixation. — If  the  examination  cAimot  be 

made  at  once,  stained  preparations  may  be  made.  The  smear  should  be  made  on  a 
sHde  or  large  cover-glass.     It  is  best  fixed  in  strong  methyl  alcohol  for  three  minutes. 

*  A  general  bibliography  of  malaria  to  1895  is  contained  in  the  excellent  monogmph  of  Thayer  aod 
HeuutAon,  "The  Malarial  Fevers  of  Baltimore."  Johns  Hopkins  Hosp.  Rep.,  vol.  v.,  1895.  The  more 
recent  literature,  especially  that  relating  to  the  development  of  the  organisms  in  the  moequito,  is  «n 
Marrhiafava  and  BUfntimi,  article  "Malaria"  in  "Twentieth  Centurj'  Practice,"  New  York,  1900, 
and  aho  Luke,  "  Neuere  Sporozoenforschung,"  Ontralbl.  f.  Bakt.,  Bd.  xxvii.,  pp.  367  and  436,  and  Bd 
xxviii.,  p.  3S4,  1900.  For  a  study  of  structure  and  biolog>'  of  Anopheles  see  Nuttall  and  Shipley,  Joaf- 
of  Hyg.,  vol.  i.,  p.  4,  1901.  P^or  practical  directions  for  the  study  of  mosquitoes,  see  Berkeiey,  "Labora- 

tory Work  with  Mosquitoes."  1902. 
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The  organisms  are  most  satisfactorily  demonstrated  by  stains  which  color  the  chro- 
matin as  well  as  the  protoplasm.  For  this  purpose  a  very  satisfactory  stain  is  that 

devised  by  Giemsa.  ̂   The  staining  solution  contains  azure  eosin  and  azure  II  dissolved 
in  glycerin  and  methyl  alcohol.  It  is  difficult  to  prepare  and  had  best  be  bought  from 
Griibler.     It  must  be  kept  in  tightly  stoppered  bottles. 

In  order  to  stain  a  fixed  blood  smear,  a  dilution  of  the  stock  solution  is  made  by 
adding  1  drop  of  the  dye  to  1  c.c.  of  distilled  water.  If  the  smear  is  on  a  cover-glass, 
10  c.c.  of  the  dilution  should  be  placed  in  a  shallow  dish  and  the  cover  floated,  blood 
side  down,  on  the  mixture.  For  staining  slides  a  Coplin  jar  is  convenient.  As  this 
holds  about  50  c.c,  50  drops  of  the  concentrated  stain  should  be  added  slowly  to  the 
water  with  constant  stirring  with  a  glass  rod.  The  sUdes  are  left  for  an  hour,  then 
washed  with  a  strong  stream  of  water,  dried  in  the  air  without  heat,  and  mounted 
and  examined.  If  intended  for  permanent  preservation  they  should  be  embedded  in  a 
neutral  gum  dammar  dissolved  in  xylol.  Slides  more  than  a  few  days  old  do  not  stain 
well.  After  a  year  it  is  necessary  to  use  a  more  dilute  stain  and  afterward  decolorize 
with  distilled  water  or  even  methyl  alcohol,  as  the  blue  component  overstains  all  the 
cells. 

By  adding  an  equal  volume  of  pure  methyl  alcohol  to  the  stock  solution  of  the 
Giemsa  stain,  it  is  possible  not  only  to  shorten  the  time,  but  also  to  avoid  separate 
fixation  of  blood  smears.^ 

The  blood  smear  is  placed  in  a  Petri  dish  and  10  to  15  drops  of  this  new  mixture 
are  placed  on  the  slide  and  allowed  to  act  for  half  a  minute.  About  10  to  15  c.c.  of 
distilled  water  are  poured  into  the  Petri  dish  and  the  whole  is  agitated  until  the  stain 
is  thoroughly  diffused  through  the  entire  fluid.  The  slide  remains  in  this  mixture  for 
five  minutes.     A  longer  period  increases  the  intensity  of  the  stain. 

A  simpler  method  has  recently  been  published,*  which  is  better  adapted  for  clinical 
work.  The  smear  is  fixed  for  two  minutes  or  more  in  methyl  alcohol,  then  stained  for 
ten  seconds  with  a  1  :  1,000  aqueous  eosin  solution,  the  latter  allowed  to  run  off  the 
slide,  and  the  smear  again  covered  with  a  few  drops  of  a  1/4-per-cent.  solution  of 
methylene  azure  I.  In  about  from  fifteen  to  thirty  seconds  the  staining  is  complete. 
The  slide  should  be  washed  in  distilled  water,  dried,  and  examined  directly  with  an 
oil-immersion  lens,  no  cover-glass  being  necessary. 

WHOOPING-COUGH.     (Pertussis.) 

Whooping-cough  is  a  readily  communicable,  infectious  disease 
usually  associated  with  catarrhal  inflammation  of  the  upper  respiratory 

passages.  It  may  be  complicated  by  bronchitis  or  pneumonia.  Hyper- 
plasia of  the  lymph-nodes  of  the  laryngeal  and  bronchial  districts  may 

occur.     Immunity  is  usually  secured  by  an  attack.* 
It  has  recently  been  found  possible  to  transfer  the  disease  to  young 

dogs,  a  fact  which  will  undoubtedly  lead  to  important  experimental 
results  in  the  near  future.  Several  observers  have  isolated  bacilli 

closely  resembling  the  influenza  bacillus  in  form  and  culture,  from  the 
sputum  of  patients  with  the  disease.  Of  these  organisms  that  described 

by  Bordet  and  Gengou^  seems  most  probably  to  be  the  specific  agent. 
This  organism  is  a  small,  ovoid,  short  bacillus  showing  irregular  staining. 
It  is  somewhat  larger  than  the  influenza  bacillus  and  is  more  regularly 
ovoid  in  shape.  It  stains  with  some  difficulty,  requiring  the  use  of 
dilute  carbol-fuchsin  or  other  strong  stains  to  color  it  satisfactorily. 

»  Giemsa,  Centralbl.  f.  Bakt..  I  Abt.  Orig.,  1904.  xxxviii.,  308. 
^Giemsa,  Miinchen.  med.  Wchnschr.,  1910,  Ivii.,  2476. 
'  Wood,  Medical  Neu-s,  vol.  Ixxxiii.,  p.  248,  1903. 
*For  a  r^sum^  of  studies  on  the  excitant  of  whoopinn-cough  see  Davis,  Jour.  Inf.  Dis.,  vol.  iii., 

p.  1,  1906.  For  studies  on  agglutination  with  bacilli  from  this  disease  see  Wollstein,  Jour.  Exp. 
Med.,  vol.  vii.,  p.  335,  1905. 

5  Bordet  and  Gengou,  Ann.  de  I'lnst.  Pasteur,  1906,  xx.,  731. 
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The  poles  often  stain  more  deeply  than  the  centres.  The  bacillus  is 
negative  to  Gram.  The  organism  is  grown  only  with  difficulty  and  upon 
a  special  medium  of  glycerinatcd  extract  of  potato  to  which  has  been 
added  an  equal  volume  of  sterile  defibrinated  rabbit  or  human  blood. 
The  organism  is  strictly  aerobic  and  in  ascitic  broth  may  remain  alive 

for  some  months.^  Bordet  and  Gengou  report  that  a  specific  comple- 
ment fixation  can  be  obtained  in  the  serum  of  patients  suffering  from 

the  disease. 

BERI-BERI. 

Beri-beri  is  a  disease  of  warm  climates,  believed  by  some  observers  to  be  infectious 
in  character,  by  others  to  be  due  to  unsuitable  diet.  The  lesions  are  often  not  well 
defined.  There  are  in  some  cases  subcutaneous  oedema  and  dropsy.  There  is  often 
degeneration  of  the  peripheral  nerves  and  of  the  heart  and  voluntary  muscle.  The 

bacterial  studies  which  have  been  made  upon  beri-beri  have  not  led  to  definite  results.* 

ACUTE  RHEUMATISM. 

While  the  excitant  of  acute  rheumatism  is  unknown,  there  is  much 
reason  to  believe  that  some  phases  of  it  at  least  should  be  classed  among 
the  infectious  diseases.  There  are  no  characteristic  lesions;  but  various 
joints  are  frequently  the  seat  of  slight  exudative  inflammation,  serous 
or  fibrinous  in  character.  Albuminous  degeneration  of  the  visceral 
cells  with  hyperplasia  of  the  spleen  has  been  noted.  The  disease  is  not 
infrequently  complicated  by  endocarditis  or  pericarditis,  by  exudative 
inflammation  of  the  lungs  or  pleura.  Various  micro-organisms  have 
been  found  in  the  body  in  acute  rheumatism;  of  these  the  pyogenic 
cocci  have  been  most  frequently  isolated,  but  these  are  probably  to 
be  regarded  only  as  excitants  of  the  suppurative  or  other  complications. 
It  is  possible  that  more  than  one  form  of  infection  is  embraced  under  the 

designation  rheumatism.' 

INFECTIOUS  DISEASES  OF  UlfKNOWN  ORIGIN. 

Protozoa. —  Notwithstanding  the  great  increase  in  our  knowledge  of  the  infectious 
diseases  made  possible  within  the  past  few  years  by  the  new  methods  of  cultivation  of 
micro-organisms  and  by  animal  experimentation,  there  are  still  several  diseases 
obviously  of  this  class  whose  inciting  factors  are  wholly  unknown  to  us.  We  are  now 
beginning  to  realize  that  we  must  not  confine  our  search  in  this  class  of  diseases  to  the 
bacteria  alone;  but  that  among  the  protozoa  may  be  found  most  important  infective 
agents.  In  this  latter  group  of  organisms  the  culture  methods  applicable  to  the  bac- 

teria do  not  furnish  the  necessary  data  for  the  establishment  of  etiological  relation- 
ships. While  the  pathogenic  significance  of  the  malarial  protozoan  has  been  deter- 

mined >vithout  cultures,  and  has  become  probable  on  morphological  grounds  in  several 
other  diseases,  the  desirability  of  artificial  culture  methods  in  the  study  of  protozoa  is 
daily  becoming  clearer.  But  it  is  well  to  remember  that  many  protozoa  pass  through 
complex  life  cycles  so  that  simple  cultures  cannot  be  expected  to  yield  as  illuminating 
results  as  do  cultures  of  the  more  lowly  organized  bacteria  and  yeasts. 

Ultra-microscopic  Micro-organisms. — In  the  search  for  the  inciting  agents  of 
infectious  diseases  which  have  as  yet  baffled  investigation,  it  should  be  borne  in  mind 

*  WoUstein,  Jour.  Exper.  Med.,  1909,  xi.,  41. 

'  For  bibliography  of  beri-beri  see  Sodre,  "Twentieth  Cent.  Practice."  vol.  xiii. 
'  For  summao'  and  studies  of  etiology  of  acute  rheumatwm  see  Cole,  Jour.  Inf.  Dis.,  vol.  i.,  p.  714: 

1904;  BeaUie,  Jour.  Med.  Res.,  vol.  xiv.,  p.  399,  1906;  Frisstll,  Med.  Record,  vol.  bcix.,  p.  737.  1906. 
bibl;  Meakins,  Med.  and  Surg.  Rept3.  Presbyterian  Hospital,  N.  Y.,  viii.,  1908. 
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that  it  is  quite  possible  that  bacterial  and  other  micro-organisms  may  exist  which  are 
ultra-microscopic;  that  is,  so  small  as  to  be  invisible  with  such  microscopic  resources 
as  we  at  present  possess.  In  one  instance,  the  infectious  peripneumonia  of  cattle, 

Nocard  and  Roux  by  a  special  technique'  have  been  able  to  isolate  an  organism  so 
small  that  its  morphological  characters  could  not  be  learned  even  with  the  highest 
available  magnification.  Experiments  with  the  filtration  of  infectious  material, 
especially  from  certain  communicable  diseases  of  animals,  through  porcelain  filters 
whose  pores  are  so  fine  as  to  retain  ordinary  bacteria,  have  shown  that  the  infective 
agent  may  pass  these  filters  and,  though  revealing  no  morphological  elements,  is  still 
virulent.  Among  the  more  important  of  the  ultramicroscopic  infective  agents  which 
have  been  found  to  pass  the  pores  of  porcelain  filters  are  those  inciting  contagious 
pleuro-pneumonia  of  cattle,  anterior  poliomyelitis,  yellow  fever;  foot-and-mouth  dis- 

ease and  rinderpest  of  cattle.  The  possibility  of  the  existence  of  ultra-microscopic 
organisms  must  then  be  held  in  mind  in  our  summaries  of  infectious  diseases 

whose  inciting  factors,  though  persistently  sought,  are  still  unknown.' 

THE  INFECTIOUS  DISEASES  OF  ANIMALS. 

The  study  of  comparative  pathology  is  of  great  and  increasing  importance,  and 
already  much  light  has  been  thrown  on  the  nature  of  human  diseases  by  the  study  of 
the  diseases  of  the  lower  animals. 

While  this  is  true  of  pathology  in  general,  it  is  of  especial  significance  in  the  study 
of  the  infectious  diseases  of  the  lower  animals,  not  only  as  they  occur  spontaneously, 
but  also  in  fields  of  experimental  research. 

The  scope  of  this  book  does  not  permit  of  more  than  an  occasional  reference  to 

animal  diseases,  but  the  reader  may  consult:  Moore,  "  The  Pathology  of  the  Infectious 
Diseases  of  Animals,"  1906;  \ocard  and  Leclainche,  '' Les  Maladies  Microbiennes  des 
Animaux,"  Paris,  1898,  and  Frieberger  and  Frohner,  "Lehrbuch  der  speciellen  Path- 
ologie  und  Therapie  der  Hausthiere,"  1896;  also  KUt,  ** Text-book  of  Comparative 
General  Pathology,"  Eng.  Trans,  by  Smith  and  Cadbury,  1906. 

Consult  also  the  files  of  Liibarsch  and  Ostertag,  *'  Ergebnisse  der  allgemeinen  Aeti- 
ologie  der  Menschen-  und  Thierkrankheiten." 

BIBLIOGRAPHY  OF  THE  INFECTIOUS  DISEASES. 

For  a  fuller  treatment  of  the  themes  considered  in  this  chapter  the  reader  may  con- 
sult among  the  larger  works: 

Kolle  and  Wassermann,  "  Handbuch  der  Mikroorganismen,"  1902-06. 
Kolle  and  Hetsch,  "Experimentelle  Bakteriologie  u.  d.  Infectinoskrankheiten," 1906.     Gives  excellent  summaries. 
Among  the  smaller  works  may  be  mentioned : 

Hiss  and  Zinsser,  ''Text-book  of  Bacteriology,"  1910.  This  admirable  work  pre- 
sents a  concise  but  comprehensive  epitome  of  modern  bacteriology,  especially  in 

those  aspects  which  are  of  practical  value  to  students  and  practitioners  of  medicine. 

Park  and  Williams,  "Pathogenic  Bacteria  and  Protozoa,"  1910.  Presents  impor- 
tant hygienic  and  public-health  aspects  of  the  subject. 

Mnir  and  Ritchie,  "Manual  of  Bacteriology,"  American  Ed.  1905.  This  is  an 
excellent  epitome. 

Abbot,  "Principles  of  Bacteriology."  Especially  good  as  a  working  laboratory manual. 

Lubarsch  and  Ostertag's  "  Ergebnisse  der  allg.  Aetiologie  der  Menschen-  u.  Thier- 
krankheiten" contains  valuable  resumes  and  bibliography,  issued  yearly. 

A  large  part  of  the  record  of  recent  study  is  widely  scattered  in  monographs  and 

journals. 

•  For  a  de.scription  of  eollodium  sacs  used  in  the  study  of  ultra-microscopic  organisms,  agglutina- 
tion, and  for  other  purpose*  see  McCrae,  Jour.  Exp.  Med.,  vol.  v.,  p.  635,  1900;  also  Rosenau,  '*  Labora- 
tory Technique,"  Bull.  No.  7,  Hygienic  Labty.,  U.  S.  Marine  Hosp.  Ser.,  1902. 
2  For  a  most  interesting  and  suggestive  summary  of  recent  investigations  on  infectious  diseases  of 

unknown  origin  see  Hektoen,  Jour.  Am.  Med.  Assn.,  vol.  xli.,  pp.  405  and  493,  1903;  see  also  Roiu, 

•'Invisible  Microbes,"  Bull,  de  I'lnst.  Pasteur,  tome  i.,  1903,  pp.  7  and  49,  bibl.;  see  abo  Dorset,  Twen- 
tieth Report,  Bureau  of  Animal  Industry,  p.  139,  1903. 



CHAPTER  X. 

MALFORMATIONS. 

General  Considerations. 

The  classification  of  malformations  is  difficult,  both  because  of  the 
complexities  of  development  not  yet  wholly  understood,  and  because 
of  our  ignorance  of  many  subtle  phases  of  nutrition  and  inheritance  in 
general.  We  shall  here  attempt  little  more  than  a  catalogue  of  some  of 
the  more  striking  or  common  developmental  defects,  with  a  suggestion 

of  grouping  for  convenience  rather  than  for  scientific  accuracy.* 
The  individual  may  be  subject  to  abnormal  conditions  during  embry- 

onic life  which  lead  to  changes  analogous  to  those  which  the  body  may 
suffer  from  injuries  after  birth.  But  these  various  lesions  are  compli- 

cated in  the  embryo  by  the  fact  that  it  is  in  a  state  of  active  growth  and 
development,  so  that  even  slight  injuries  to  the  embryo  may  result  in 
malformations  of  the  most  extreme  character,  especially  when  the 
injuries  are  inflicted  in  the  earlier  periods  of  its  life. 

xVmong  the  abnormal  and  harmful  conditions  to  which  the  embryo 
may  be  subjected  may  be  mentioned  first  those  which  relate  to  the 
mother,  such  as  infectious  or  other  diseases,  disturbances  of  nutrition, 
psychic  impressions,  etc.  To  these  may  be  added  local  interference 
with  development,  such  as  pressure  upon  the  uterus,  circulatory  and 
other  disturbances  of  the  placenta  and  membranes,  an  abnormal  accu- 

mulation of  amniotic  fluid,  adhesions  between  the  embryo  and  the 
membranes  of  the  placenta,  as  well  as  various  forms  of  trauma. 

On  the  other  hand,  there  are  many  abnormalities  in  development 
which  must  be  referred  back  to  inherited  defects  transmitted  through 
the  maternal  or  paternal  cells. 

While  one  may  catalogue  in  a  general  way  many  of  the  conditions 
leading  to  malformations,  the  rationale  of  the  process  in  many  instance? 
is  still  obscure.  In  recent  times  much  light  has  been  thrown  on  the 
subject  by  a  host  of  experimental  studies  on  the  ova  of  the  lower  animals 
by  shaking,  dissection,  and  other  mechanical  interferences.  But  into 
this  field  the  scope  of  this  book  does  not  permit  us  to  enter. 

Many  malformations  are  so  extreme  or  involve  such  vital  organs 
that  extrauterine  life  is  impossible.  8uch  are  some  of  the  malformations 
of  the  nervous  system  or  of  the  circulatory  apparatus,  occlusions  of  the 

1  The  reader  is  referred  for  details  to  Thoma,  "Pathology  and  Pathological  Anatomy,"  Eng.  Trans., 
bibl.,  or  to  other  special  works,  such  as  Marchami,  "Mlssbildungen,"  in  Eulenburg's  Real  Encylop&die 
der  gesammtcn  Heilkundc,  Bd.  xv.,  1897,  and  Schwalbc,  "Die  Morphologic  der  Missbildungen  d&^ 
MenschenundderTiere,"  1906  and  1907;  BaUantyne,  Manual  of  Antenatal  Pathology,"  1902  and  1904. 

For  rdsumi  and  bibl  of  experimental  work  see  Bailey  and  Miller,  **  Text-book  of  Embiyology," 1909. 
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gastro-intestinal  canal,  etc.  Some  of  the  abnormalities  of  development, 
on  the  other  hand,  while  not  fatal,  predispose  to  disease.  Such  are  the 
embryonal  displacements  of  groups  of  cells  which  predispose  to  tumor 
formation.  It  is  customary  to  speak  of  the  lesser  defects  as  congenital 
anomalies.  Such  are  congenital  angiomata,  nievi,  and  certain  dermoid 
cysts. 

Malformations  may  involve  a  single  individual  or  embryo  or  they 
may  concern  two  or  more,  which  are  variously  united. 

Halformations  loTolving  Single  Indiriduals.' 

The  types  of  such  malformations  are  various.     Thus,  there  may  be 
a  failure  to  develop  a  part  or  organ.     This  is  called  aplasia  or  ayeueaia. 

For  example,  the  upper  or  lower  extrem- 
ities may  be  absent  (Fig.  174). 

When  an  organ  or  part  is  formed,  but 
remains  small  or  undeveloped,  we  speak 
of  hypoplasia.  A  common  example  of 
this  is  the  hypoplasia  of  the  aorta  in  the 
status  lymphaticus  (sec  p.  4119). 

Sometimes  a  part  of  the  body  re- 
mains at  an  early  developmental  stage. 

Under  these  conditions,  however,  the  de- 
velopmental arrest  may  not  involve  ces- 

sation of  growth.  Examples  of  this  form 
of  lesion  are  the  various  fissures  and  clefts 
which  occur  in  the  median  line  or  other 

parts  of  the  body,  due  to  some  interfer- 
ence with  the  closure  of  the  invaginations 

of  the  germinal  layers  which  should  take 

place  at  an  early  foetal  period — the  me- 
dullary groove,  intestinal  groove,  facial 

and  branchial  clefts. 

From  fissures  in  the  facial  region  arise 
such  malformations  as  absence  of  the 

whole  or  parts  of  the  face  (Fig,  175), 

various  forms  of  harelip  (F"ig.  176),  etc. Defects  of  closure  in  the  cervical  anil 

thoracic  region  lead  to  many  forms  of 
fissures,  fistulse,  cysts,  etc.,  of  the  neck  p       t  — a 
and  chest,  such  as  the  so-called  branchial  ^"^  ̂^^^^  ̂ ^  aiwcni. cysts,  branchial  fistulie,  auricular  appen- 

dages,  tracheal   fistulje.     The  lower  jaw   may    be    absent    (agnathta). 
Under  these  conditions  the  mouth  may  be  represented  by  a  small  opening 
and  the  ears  are  placed  low  down  and  near  the  median  lino  (synotia) 
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irreguUr  cleft  pergi 

Fig.  175.— Faoal  FiastiiB. 
nperfect  union  in  tho  onterior  medinn  line  of  Ihc  body,  in  the  fuciiil  region  the  li 
lUr  cleft  penbts.     There  ia  dIk  nbseDce  of  the  vault  of  the  skull— craniaachisia. 
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(Fig.  177).  There  may  be  fissure  of  the  sternuni,  HoiDetimea  with  pro- 
trusion of  the  thoracic  viscera,  among  others  the  heart — ectopia  cordis. 

Fissure  of  the  diaphragm  may  occur  with  that  of  the  sternum  and  per- 
mit displacement  of  the  abdominal  and  thoracic  viscera.  The  imperfect 

closure  of  the  abdominal  wall  leada  to  various  forms  of  lesions.     Thus 

The  rudimenU  t 
U»  oibiv  The  lawt 
middle  Ibe  betw«n 

there  may  be  a  patent  urachus,  the  formation  of  a  Meckel'i'  diferticulum 
(see  p,  667),  umbilical  hernia,  or,  when  there  is  large  deficiency  of  the 

abdominal  wall^-complete  abdominal  fissure— there  may  be  prolapse 
of  the  abdominal  viscera  (Fig.  178).  Fissure  of  the  lower  portion  of  the 
abdominal  wall  may  lead  to  prolapse  of  the  bladder,  and  the  bladder 
itself  may  be  fissured  so  that  the  interior  of  the  prolapsed  organ  is 
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exposed — inversio  vesicix.     Such   fissures   in  the   anterior  median  line 
may  involve  the  urethra,  leading  to  epispadias  or  hypospadias. 

A  failure  of  the  walls  of  the  medullary  groove  in  the  posterior  median 
line  of  the  body  to  fuse  properly  leads  to  significant  malformations  of 

the  central  nervous  system.  This  failure  may  be  complete — cranior- 
rhackischisis  totalis  (Fig.  1 79) .  There  is  a  wide  irregular  groove  involving 
the  dorsal  aspect  of  the  head  and  trunk.     In  this  condition,  however. 

the  anterior  portions  of  the  brain,  with  the  nose  and  eyes,  may  be  formed, 
though  distorted. 

But  there  may  be  only  a  partial  failure  in  the  closure  of  the  medullary 
groove,  limited  to  longer  or  shorter  segments,  especially  in  the  cervical 
and  sacral  regions.  Thus  arise  various  forms  of  my eio meningocele,  in 
which,  the  pressure  from  within  not  being  sustained  by  vertebral  arches, 
often  forces  the  skin  and  underlying  soft  parts  outward  in  the  form  of  a 
pouch  or  sac  (Fig.  180). 

A  local  failure  in  the  closure  of  the  anterior  portion  of  the  medullsn' 
groove  may  lead  to  many  malformations  of  the  brain — cranioschisis, 
keviicephalia,  acrania — and  to  various  forms  of  meningocele.    Thus  in 
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fisaures  of  the  skull  there  may  be  prolapse  of  parts  of  the  brain  and  its 
membranes,  forming  with  the  enclosing  skin  pendent  pouehes  of  various 

forms — encephalomenitigocele  (Fig.  181).  The  vault  of  the  skull  may 
be  absent,  and  on  the  base  there  may  be  small  amounts  of  brain  substance, 

or  this  may  be  entirely  absent — anencephulia  (Fig.  182).  For  the 
details  of  these  lesions  we  must  refer  to  the  chapter  on  the  Nervoua 
System  and  to  special  works  on  malformations. 

In  many  of  the  developmental  lesions  of  the  brain,  the  anterior 
parts,  especially  the  optic  vesicles  and  the  olfactory  bulbs,  arc  often 

but  little  affected.  But  we  may  note  here  one  of  the  s  tri  king  I'm  al- formations  which  results  in  the  fusing  of  the  eyes  into  one  placed  in 
the  forehead  near  the  median  line.  This  condition  is  called  synoph- 

thalmia or  cyclopia  (see  p,  927). 

Finally,  there  may  be  an  arrest  of  development,  more  or  less  com- 
plete, of  the  brain  or  some  of  its  pa.rts—micrencephaUis. 

In  one  phase  of  malformation  involving  single  individuals,  paired 

organs  may  be  grown  together,  for  example  in  the  so-called  "korse~ 
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shoe  kidney"  (Fig.  18.3).  Or  single  organs  may  retain  lobular  forras 
belonging  to  an  early  period  of  life — lobidaled  kidney. 

There  may  be  supernumerary  parts,  such  as  fingers,  toes,  etc.,  or 

organs— spleen,  adrenals,  lungs,  pancreas.  There  may  be  fusion  of 
fingers  and  toes,  frequently  involving  all  of  the  extremities,  Varioua 
congenital  malformations  commonly  due  to  arrest  of  development  are 

exemplified  in  the  diverse  phases  of  "club-foot" — talipes — and  "club- 
hand " — talipomamis. 

Fcetal  structures  which  in  the  norma!  development  should  make  nay 

-Mtelomkni 
GOCELE   SaCRAUS- 

PINA  Bifid 
re  ot  the  me ulbryKroove.  this™ 

n  of  the  apinal  rord. 
is  tonned  eo 

for  adult  organs  may  persist.     Thus  the  urachus,  the  Wolffian  durU, 
parts  of  the  branchial  clefts,  may  remain. 

Through  adhesions  of  the  membranes  or  by  abnormal  winding  of 
the  umbilical  cord  about  the  neck  or  the  extremities  (Fig.  184),  partial 
decapitation  or  amputation  of  a  limb  may  take  place  (Fig.  185).  So 
also  by  a<lhcsions  of  the  surface  of  the  embryo  and  the  placenta  or 
the  membranes,  various  disturbances  of  growth  may  occur. 
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Normal  and  Pathological  Conditions  in  which  Two  or  More  Individuals 
Develop  Together. 

Two  or  more  individuals  may  develop  tORcther,  the  bodies  being 
separated  as  in  normal  twins,  triplets,  ete,,  or  the  individuals  being  more 
or  less  closely  joined  or  merged.  This  duplication  may  be  evident,  so 
that  the  nature  of  the  complexity  is  clear;  or  one  of  the  individuals 
may  develop  greatly  in  exceww  of  the  other. 

Twins,  Triplets,  etc. — Pregnancies  may  be  complicated  by  the  devel- 
opment in  the  uterus  of  two  or  more  embryos.  Thi'se  are  called  twins' 

triplets,  etc.  This  duplication  may  arise  by  the  development  of  separate 
ova  or  the  formation  of  more  than  one  embryo  from  one  ovum. 

Twins  and  triplets  developed  from  one  ovum — homologous  twins — 
are  always  of  the  .same  .-jex;  and  if  both  develop  normally  they  usually 
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closely  resemble  each  other.  But  the  individuals,  if  born  alive,  often 
do  not  develop  equally;  one  may  be  less  well  nourished  than  the  other, 
from  a  disturbanee  of  the  vascular  supply,  for  example. 

One  of  the  twins  may  die  early  in  pregnancy  and  suffer  varying 
degrees  of  degeneration  into  a  shapeless  mass,  or  may  die  later  and  be 
born  prematurely  or  at  the  delivery  of  the  living  twin  {Fig.  186).  Some 
of  these  abortive  forms  are  without  a  heart  or  have  only  a  rudiment 
of  that  organ.  These  are  called  acardiac  monsters  (fcetus  acardiacus). 
They  may  consist  of  connective  tissue,  rudimentary  bones,  and  portions 

of  intestine,  and  are  covered  by  skin  with  hair — acardiacus  amorphus. 
Or  there  may  be  a  more  or  less  distinctly  formed  head  without  a  corre- 

sponding trunk — acardiacus  acormits.  There  may  be 'a  fairly  well 
developed  trunk  with  viscera  and  a  rudimentary  heart,  but  no  head — 
acardiacus  acephalus.  Finally,  there  may  be  a  relatively  well  developed 

trunk  with  defective  extremities  and  a  rudimentary  heart — acardiacus 
anceps. 

In  all  of  the  above  duplications  the  fusion  is  confined  to  the  placenta 
and  its  appendages,  the  bodies  of  the  twins  being  separate. 

Double  Monsters  (Monstra  dupUcia). — The  union  to  any  considerable 
extent  of  the  embryos  themselves  is  pathological,  and  the  malformations 
are  classified  as  double  monsters. 

In  these  unions  of  twins  there  may  be:  1,  complete  duplication 
of  the  axis  of  the  germinal  area,  so  that  there  is  a  double  development 
of  the  central  nervous  system,  while  the  remaining  parts  are  more  or 
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less  fused;  or,  2,  there  may  be  only  a  partial  duplication  of  the  axis, 
so  that  either  of  the  head  or  in  the  sacral  region  there  may  be  double 

development,  while  at  the  other  extremity  the  body  is  single,' 
We  shall  now  look  briefly  at  some  of  the  forms  of  double  monsters 

in  which  the  individuals  are  more  or  le«s  symmetrically  united. 
There  may  be  fusion  of  the  bodies  in  the  thoracic  region.  The 

ensiform  processes  are  united  by  cartilage,  union  of  the  soft  parts  extend- 
ing over  the  umbilical  region.     The  thoracic  and  abdominal  cavities 

■hild.     They  an-  lobuli 

are  separate.  This  malformation  is  called  xiphopagus.  Such  were 
the  celebrated  Siamese  twins  who  lived  to  the  age  of  sixty-three.  In 
other  eases  there  is  a  common  thoracic  cavity,  usually  with  two  hearts 
and  two  pairs  of  lungs  more  or  less  malformed  (Fig.  187  and  Fig.  188), 
The  abdominal  cavities  may  also  be  united.  Parts  of  the  intestine  may 
be  common  to  both  twins.  These  monsters  are  called  thoracopagus. 
They  do  not  long  survive  birth.     The  fusion  may,  however,  extend 
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upward  so  that  two  upper  extreniifies  may  fuse — thoracopagus  tribra- 
ckius;  or  two  of  the  lower  extremities  may  fuse — thoracopagus  tripus; 
or,  finally,  the  fusion  may  embrace  the  head  so  that  the  faces  are  more 

or  less  united — prosopothoracopagus.  The  cephalic  and  thoracic  regions 
may  remain  acparate  while  fusion  takes  place  from  the  umbilicus  to  the 
pelvic  region.  The  spinal  column  is  duplicated  while  there  is  a  common 
pelvic  ring — isckiopagus. 

There  may  be  fusion  of  the  otherwise  separate  twins  in  the  cranial 

region — craniopagtts.  The  union  is  usually  only  of  the  scalp  and  cranial 
bones. 

The  head  and  the  upper  part  of  the  body  may  be  single,  or  the  head 
alone  may  be  single,  while  the  abdomen  anil  pelvis  are  separate.  There 
may  be  four  or  less  lower  extremities.  Such  malformations  are  called 
dipi/gi. 

There  may  be  union  of  the  head,  neck,  or  chest,  so  that  there  are  two 

faces  more  or  less  symmetrical  lookinj;  in  opposite  directions — janiceps 
or  jniitis. 
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In  cases  in  which  there  is  only  a  partial  duplication  of  the  axis,  this 
may  be  most  marked  at  the  cephalic  or  caudal  extremity.  Thus  may 

be  formed  an  individual  with  duplication  of  the  face — diprosopus.  Thus, 
depending  upon  the  degree  of  duplication,  arise  diprosopus  distomus; 
d.  diophthalmus;  d.  triophtkalmus;  d.  tetraophthalmus.  But  this  anterior 
duplication  may  extend  to  the  whole  head.  Thus  arise  the  two-headed 
monsters — dicephalus — which   according  to   the  degree   of   duplication 

of  the  upper  extremities  are  called  dicephalus  tribrackiux;  dicephalus 
tetrabrachius. 

Finally,  the  bodies  arc  united  posteriorly  in  the  region  of  the  sacrum 
and  coccyx.  This  malformation  is  called  pygopagus.  The  individuals 
may  live  for  yeara. 

In  the  double  malfoimations  which  we  have  thus  far  considered 

there  has  been  a  more  or  less  symmetrical  development  of  the  physically 
joined  twins.  But  for  various  rea.sons  it  often  happens  that  one  of  the 
individuals  is  arrested  in  its  development,  while  the  other  continues. 
This  condition  is  analogous  with  that  already  considered  in  which  the 
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arrest  of  development  involved  an  independent  acardiae  individual 
which  was  not  viable.  But  in  the  present  case  the  arrested  twin  is 
joined  to  the  other  as  a  part  of  a  living  organism,  and  its  life  is  thus 
maintained  by  the  more  favored  relative.  Under  those  conditions 
the  more  completely  developed  twin  is  called  the  autosite,  the  arrested 
embryo,  the  parasite  (Fig.  189). 

The  rudimentary  structure,  the  parasite,  may  be  variously  developed. 
It  may  have  extremities,  various  forma  of  tissue,  nerve,  muscle,  intestine, 

Fic.   186.— Twiss. 
One  died  eurly  in  tilm  and  is  o 

etc.  It  may  be  formed  of  a  jumble  of  tissues  with  cystic  cavities  which 
may  be  lined  with  epithelium.  Its  size  varies;  it  may  be  as  large  as  the 
body  of  the  autosite.  Thus  may  be  formed  the  parasitic  thoraeopagus , 
attached  to  the  sternum,  or  the  paraxitic  isckiopagus  and  parasitic 
crauiopagnx.  So  also  arc  formed  the  epignalhtm,  in  which  an  acardiae 
parasitic  rudiment  is  attached  to  the  autosite  in  the  facial  region.     The 
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ruclinicritary  embryo  may  be  attached  in  the  sacral   region,  forming 

sacral  appendages  or  tumors — sacral  leratomata. 
Finally,  the  second  individual  may  be  much  less  developed  than 

in  the  cases  which  wc  have  thus  far  surveyed,  and  may  be  represented 

only  by  formless  appendages  or  by  inclusions  in  different  parts  of  the 

body,  which  arc  made  up  of  various  and  often  complex  tissues — fibrous 
tissue,  nerve  tissue,  bone,  tooth,  cartilage,  muscle,  glamls.  These  are 
called  teratoids,  dermoids,  fwlal  inclusions,  congenital  teratomata.  They 

may  occur  in  the  ovaries,  or  tc8tii'les,or  about  the  head,  in  the  medias- 
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tinum,  or    in    the  sacral  region,  and  elsewhere.     They  often  become 
cystic  and  may  give  origin  to  various  forms  of  tumors. 

The  teratomata  are  appai-ently  derived  either  from  impregnated 
polar  globules  or  more  probably  from  a  portion  of  the  blastoderm  sep- 

arated at  an  early  period  from  the  c-ell  complex  which  goes  to  form  the 

developing  fcetus.  The  separated  cells  may  long  remain  latent,  finally 
beginning  to  grow  with  the  power  to  form  complex  tissue  and  structure, 
but  only  in  a  jumbled  mass,  embraced  within  or  attached  to  the  developed 

individual.  Some  of  the  teratomata  are  comparatively  simple  in  struc- 
ture. Their  nature  is  often  revealed  by  the  heterologous  character  of 

their  component  structures.  The  ectodermal  elements  are  often  most 
conspicuous  (see  p.  358). 
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We  thus  see  in  summary  of  this  brief  survey  of  complex  malforma- 
tions in  general  that  under  normal  conditions  two  or  more  individuals 

may  develop  together  in  the  uterus — twins,  triplets,  etc  Under  patho- 
logical conditions  the  individuals  may  be  more  or  leas  united,  forming 

double  monstcr.i.     The  duplex  individuals  may  develop  more  or  less 

symmotrically  with  independent  cerebrospinal  axcH  and  various  degrees 
of  union.  Or  the  development  may  be  vory  unequal,  so  that  one  is  a 

more  or  less  obvious  appendage  to  the  other.  Finally,  one  of  the  indi- 
viduals may  exist  as  a  mere  complex  rudiment  attached  to  or  within  its 

more  favored  mate. 



CHAPTER  XL 

TUMORS. 

The  Nature  and  Characters  of  Tumors  in  General. 

The  word  tumor ^  which  was  originally  applied  to  any  swelling,  has 
become  more  and  more  strictly  limited  in  meaning  until  it  is  now  com- 

monly used  to  designate  certain  more  or  less  circumscribed  new  tissue 
growths  or  neoplasms.  But  the  formation  of  new^  cells  and  new  tissues 
is  of  such  common  occurrence  under  normal  as  well  as  under  various 
abnormal  conditions  that  it  is  desirable  for  us  to  fix,  if  possible,  upon 
some  features  by  which  the  tissue  growths  called  tumors  may  be  distin- 

guished from  other  normal  or  abnormal  new-formed  tissues.  In  the 
first  place  tumors,  like  all  tissues  formed  in  the  body  after  embryonic 
life,  are  produced  by  the  proliferation  of  cells  of  normal  types,  each  of 
its  kind. 

It  would  be  well  in  this  connection  to  remember  that  a  given  cell  of  whatever 

type,  be  it  of  connective  tissue,  muscle,  gland,  or  nerve,  can  fully  maintain  the  char- 
acters of  its  type  only  so  long  as  the  conditions  of  it^  life  do  not  greatly  differ  from 

those  under  which  by  adaptation  to  environment  the  type  was  finally  fixed.  The 
characters  of  cells  are  largely  shaped  by  heredity,  and  these  characters  are  maintained 
with  great  tenacity,  but  both  in  form  and  function  cells  may  be  largely  swayed  by 
external  influences.  The  marks  of  departure  from  the  type  in  cells  subjected  to  an 
unusual  environment  may  be  evident  when  expressed  in  form  or  structure,  and  some- 

times in  function,  but  it  is  well  not  to  forget  that  even  our  most  refined  methods  of 
study  of  cells  leave  by  far  the  greater  part  of  their  metabolic  performances  wholly  in 
the  dark,  while  we  seem  as  yet  to  be  only  on  the  threshold  of  knowledge  of  their 
structural  details. 

These  considerations  are  especially  important  in  the  study  of  tumors  as  of  all 
new  tissue  formations,  because  the  key  to  our  understanding  of  these  lies  largely  in 
the  appreciation  of  the  fact  that  every  cell  in  the  differentiated  tissues  comes  from  a 
cell  of  the  same  type.  But  this,  which  is  sometimes  called  the  principle  of  legitimate 
succession  in  cells,  assumes  that  the  conditions  under  which  the  life  of  the  new  cell  is 
maintained  shall  not  depart  too  widely  from  the  normal,  that  is,  the  usual.  The 
bearing  of  this  limitation  will  be  evident  as  we  proceed  in  our  study  of  tumors. 

The  capacity  for  cell  proliferation  is  most  marked  in  the  embryo  and 
during  the  earlier  periods  of  individual  life.  When  the  body  attains  its 
development,  the  power  of  cell  reproduction,  as  we  have  seen  (see 
Regeneration,  p.  64),  is  largely  limited  to  special  forms  of  tissues,  such 
as  connective  tissue,  the  blood,  and  certain  kinds  of  epithelium.  This 
constant  normal  regeneration  makes  good  the  wear  and  tear  of  normal 
cell  life.  But  here  the  capacity  for  multiplication  in  the  cells  is  closely 
confined  to  the  requirements  of  the  body.  A  definite  physiological  con- 

trol is  evident,  similar  in  character  to  that  under  which  in  normal  develop- 
336 
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ment  the  amount  of  new  tissue  is  limited  and  its  adaptation  to  the 
organism  as  a  whole  secured. 

Under  normal  conditions,  furthermore,  there  may  be  a  very  large 
new  formation  of  tissue  under  special  physiological  excitation,  as  in  the 
mammary  gland  and  the  uterus  in  pregnancy.  But  here  also  the  char- 

acter and  amount  and  the  functional  capacity  of  the  new  tissue  are 
strictly  limited  and  subservient  to  the  welfare  of  the  individual. 

Let  us  now  turn  from  these  normal  new  tissues  to  those  which  are 

abnormal.  We  have  already  seen,  especially  in  our  study  of  inflamma- 
tion, that  new  tissues  may  form  even  in  considerable  amount  under 

abnormal  conditions,  such  as  injury  with  subsequent  repair;  degenera- 
tions and  destruction  of  parenchyma,  prolonged  hyperemia,  and  in 

compensatory  hypertrophies.  But  under  these  various  conditions  also 
the  tissue  growth  is  local,  approximately  typical  in  structure,  usually 
limited  in  amount,  and  in  most  cases  appears  measurably  to  accord  in 
nature  and  distribution  with  the  maintenance  of  the  structural  integrity 
and  general  welfare  of  the  individual.  The  new  tissue,  in  other  words, 
maintains  under  these  varied  conditions  a  definitely  co-ordinated 
relationship  to  the  body  as  a  whole. 

While  it  is  as  yet  impossible  to  define  tumors  in  such  a  way  as  abso- 
lutely to  distinguish  them  from  such  other  new  tissue  formations  as  we 

have  just  cited,  they  are  in  general  characterized  by  such  independence 
and  by  such  irregularity  in  growth  both  in  structure  and  extent;  by 
such  a  lack  of  relationship  to  the  functional  requirements  of  the  indi- 

vidual;^ by  such  an  emancipation  from  that  subtle  physiological  restraint 
which  limits  cell  growth  and  proliferation  in  the  normal  body,  and  in 
the  new  tissue  formation  in  repair,  that  their  distinguishing  character 
is  perhaps  best  indicated  by  the  word  autonomy ^  or  by  the  more  striking 
suggestions  of  the  term  cell-anarchy. 

The  autonomous  or  independent  character  of  tumors,  as  has  been 
very  clearly  formulated  by  Thoma,  is  especially  manifested  in  the  dis- 

tinct limitation  of  the  growth  at  the  start;  in  the  tendency  to  variation 
in  the  structural  type;  in  various  functional  aberrations  of  the  new  cells; 
in  their  interference  by  compression  or  otherwise  with  adjacent  parts; 
in  their  proneness  to  multiply  through  local  or  distant  transplantation 
of  cells;  and  finally,  in  their  liability  to  various  forms  of  degeneration  and 
necrosis.  Furthermore,  the  independent  character  of  tumors  is  marked 
by  the  fact  that  the  characteristic  cells  forming  the  tumor  are  the  prog- 

eny of  the  earlier  cells  in  which  the  tumor  starts,  so  that  the  tissues 
in  which  the  tumor  may  be  placed  share  only  in  a  secondary  way  in  its 
structure.  But  tumors  are  of  course  dependent  for  their  nutrition  upon 
the  general  blood  supply  and  upon  the  suitable  conditions  for  growth 
which  their  situation  among  other  tissues  alone  makes  possible. 

The  reason  why  we  cannot  more  accurately  characterize  tumors  in 
distinction  from  other  new  tissue  formations  is  chiefly  because  we  do  not 

^  An  example  of  a  certain  physiological  independence  in  tumors  h  seen  in  lipomata,  in  which  a 
large  amount  of  fat  tissue  may  persist  in  an  ill-nourished  individual  whose  fat  has  otherwise  almost 
wholly  disappeared;  or  in  myoma ta  of  an  extremely  atrophied  uterus. 

22 
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yet  know  what  are  their  immediate  excitants.  To  this  subject  we  shall 

presently  return,  but  we  must'  first  look  at  the  general  characters  of tumors. 

Tissue  Types  in  Tumors. — Tumors,  as  we  have  seen,  are  composed  of 
the  same  types  of  tissue  as  those  normally  existing  in  the  body,  and  from 

the  latter  they  are  derived  by  a  proliferation  of  pre-exLsting  cells.  Thus, 
tumors  of  the  connective-tissue  type  originate  in  connective-tissue  cells, 
of  the  epithelial-tissue  type  in  epithelium,  of  muscle  in  muscle,  etc. 

While  the  general  types  of  tissue  are  maintained  in  tumors,  there  are 

many  more  or  less  well-defined  departures  from  these.  It  should  be 
remembered  that  the  formation  and  maintenance  of  typical  cell  forms, 
and  of  typical  topography  in  organs,  are  closely  dependent  upon  many 
factors,  for  example  upon  mechanical  pressure,  nutritive  conditions, 
relationship  to  surrounding  parts,  nerve  relations,  and  many  others. 
But  under  the  conditions  in  which  tumors  grow,  all  these  factors  may 
suffer  most  significant  disturbances,  so  that  the  shape,  size,  structure, 
and  mutual  relationship  of  cells,  their  grouping,  gland  types,  and  various 

functional  characters,  may  suffer  such  modifications  that  great  diffi- 
culties are  often  encountered  in  the  attempt  to  classify  tumors  in  accord- 

ance with  the  established  tissue  types.  Tumor  cells  also  depart  from 
the  type  in  that  they  often  represent  embryonic  or  reversion  forms. 

Tumors  are  not  only  analogous  to  the  normal  tissues  of  the  body  in 
structure,  but  their  life  history  is  manifested  under  the  same  general 
laws  of  nutrition,  growth,  reproduction,  etc.  They  are  supplied  with 
blood-vessels  which  grow  into  them  from  adjacent  healthy  parts,  just  as 
these  do,  for  example,  into  granulation  tissue,  so  that  they  may  finally 
possess  a  more  or  less  independent  vascular  system. 

The  blood-vessels,  however,  especially  of  rapidly  growing  tumors, 
are  in  many  respects  atypical  and  not  as  sharply  differentiated  into 
arteries,  veins,  and  capillaries  as  are  the  vessels  of  normal  tissues.  Many 
vessels  with  wide  lumina  have  thin  walls,  with  few  muscle  or  elastic 

fibres  in  them.  Thus  the  blood-vessel  system  of  such  tumors  is  often 
made  up  of  an  irregular  meshwork  of  vascular  trunks,  which  in  their 
branchings,  anastomoses,  width  of  lumen,  and  thickness  and  structure 
of  their  walls  are  quite  abnormal,  and  in  which  the  blood  is  conveyed 
in  most  unsystematic  fashion  from  its  diverse  entrance  channels  to  its 
irregular  exits.  The  cells,  especially  of  malignant  tumors,  often  grow 

much  more  rapidly  and  are  larger  in  the  vicinity  of  blood-vessels  than  else- 
where (Fig.  208) .     Tumors  have  lymph-vessels,  and  some  of  them  nerves.^ 

The  intercellular  framework  of  tumors  may  be  in  a  measure  fur- 
nished by  the  connective  tissue  of  the  part  in  which  they  grow.  The 

tissues  by  which  tumors  are  connected  with  surrounding  parts  or  are 
more  or  less  definitely  encapsulated,  most  commonly  originate  from 

without.  The  tumor  in  many  instances  beai*s  the  relationship  of  a 
foreign  body  to  its  surroundings,  and  a  reaction  to  its  presence  is  incited, 
quite  analogous  with  that  which  we  have  already  seen  in  the  case  of 
alien  substances  in  an  earlier  chapter. 

*  For  a  study  of  nerves  in  tumors  see  Young,  Jour.  Exper.  Med.,  vol.  ii.,  p.  1,  1S97,  bibl. 
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While  the  cell  divisions  by  which  tumors  grow  exhibit  in  general  the 
same  minute  phenomena  as  does  ceil  division  in  normal  tissues  (see  p. 
66),  abnormal  mitosis  is  frequent.  Thus  it  may  be  multipolar;  the 
chromatic  substance  may 
present  great  irregularity 
in  form  and  amount  (Fig. 
42,  p.  67) ;  there  may  be 
incomplete  nuclear  divi- 

sion, or  the  new  nuclei  may 
vary  in  size  and  form. 
While  all  these  abnormali- 

ties may  occur  in  other  new 
tissue  formations  and  may 
be  experimentally  incited, 
they  are  unusually  frequent 
in  certain  tumors  and  mark 

one  of  the  ways  in  which 
the     lawlessness     of    tumor       F'o-    l  so  .—multiple  Nobolab  Sabcom*ta  o»  the  Skib 
growths  is  manifested. 

Degenerative  and  Destnicttve  ProceeseG  in  Tumors. — Tumor  tissues 
are  subject  to  the  same  degenerative  changes  as  other  tissues;  they  may 
become  fatty  or  calcified,  ulcerated,  gangrenous,  pigmented,  etc.     By 

necrosis  a  tumor  may  be  largely  destroyed,  though  complete  obliteration 
rarely  occurs  in  this  way.  They  are  liable  to  undergo  the  ordinary  in- 

flammatory changes,  granulation  tissue  may  form  in  them,  and  abscesses 
and  cicatrices. 
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The  rapidity  of  growth  of  tumors  varies  greatly;  some  grow  very 
slowly  indeed  and  may  change  but  imperceptibly  in  size  and  appearance 
for  years,  while  others  grow  so  fast  that  they  do  not  acquire  solidity,  and 
their  elements  remain  in  an  incompletely  developed  condition  and  are 
thus  more  liable  to  destructive  changes  than  are  normal  tissues.     In 

healthy  tissues  the  blood-vessels  arc  supported  by  surrounding  elements, 
which    aid   them    in   sustaining 
the  blood  pressure  from  within. 
In  rapidly  growing  tumors  this 

external   support  is  often  lack- 
ing,  and,   as   the   walls  of  the 

blood-vessels     are      themselves 
often   badly  formed,  the  result 
is  that  the  walls  are  apt  to  be- 

come   pouched    or    aneurismal, 
and  they  often  burst,  giving  rise 
to  larger  or.  smaller  interstitial 
hie  m  or  rh  ages. 

Shape,  Size,  and  Modes  of 
Extension  of  Tumors. — Tumors 
have  various  shapes:  nodular, 
tuberous,  fungoid,  polypoid, 

papillary,  dendritic,  lobulated, 
etc.  (see  Figs,  190,  191,  192). 

Tumors  may  occur  singly  or 
in  greater  or  less  numbers  in  the 
same  or  in  different  parts  of 
the  body.  If  they  be  multiple 

they  may  have  occurred  simul- 
taneously or  at  different  times 

as  independent  structures.  Or, 
multiple  tumors  may  occur  as 
the  result  of  the  dissemination 

in  the  body,  from  a  primary 
tumor,  of  cells  which  form  a 
starting-point  for  new  tumors, 

Fio.  102.-A  Nupi'uR  pnLYFOJD  T.H..R-  ̂ **">'   5""">'"s   ̂ ^e   sharpIy  cir- FiBBOKA— H*MoiNo  FRou  THE  vvi.vA,  cuniscnbed,  may  be  even  encap- 

sulated, and  influence  surround- 
ing parts  only  by  the  pressure  which  they  exert  upon  them.  In  this 

way  they  may  cause  displacement,  atrophy,  or  necrosis;  they  may,  by 
pressure  on  neighboring  vessels,  induce  oedema,  thrombosis,  etc.;  they 
may  in  the  same  way  lead  to  dislocation  and  caries  of  bones.  But 
tumors  may  damage  their  surrounding  tissues  by  the  phagocytic  action 
of  their  cells,  by  the  products  of  their  perverted  metabolism,  imperfect 
secretions  or  <Eegenerative  material,  or  directly  as  foreign  bodies.  Thus 
various  phases  of  inflammation  and  tissue  destruction  may  occur  in 
the  neighborhoo<l.     Leucocytes   may  enter  the   tumor   from  without, 
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and  through  these  and  other  phagocytes  the  tumor  tissue  itself  may 
suffer  damage. 

Tumors  may  grow  largely  by  increase  of  elements  within  them,  thus 
simply  expanding;  this  is  called  central  or  expansive  growth.  They  may 

grow  in  part  or  largely  at  the  surface — peripheral  growth,  tn  this  case 
the  growth  may  be  a  direct,  continuous  enlargement  of  the  mass  at  or 
near  the  periphery,  the  tumor  tissue  growing  in  among  the  surrounding 
parts.  In  this  case  certain  tumor  cells,  especially  those  of  the  connective- 

tissue  type,  may  "emigrate"  and  may  act  as  phagocytes.  This  is  called 
infiltrating  peripheral  growth.  On  the  other  hand,  peripheral  growth 
may  take  place  by  the  formation  of  secondary  nodules  near  the  primary 
growth,  which,  gradually  enlarging,  finally  coalesce  with  the  latter, 
forming  a  part  of  the  nodular  tumor.  This  mode  of  enlargement  is 
called  discontinuous  peripheral  growth,  and  is  due  to  the  dissemination 
of  cells  from  the  mother  tumor  into  the  adjacent  tissue  through  the 
blood-  or  lyniph-channcls  and  their  proliferation  at  the  points  of  lodg- 

ment. This  dissemination  may  occur  by  the  agency  of  blood  or  lymph 
currents  or  by  the  amceboid  movements  of  the  cells.  Those  new  cells 
formed  in  tumors  which  are  characteri.stic  of  the  growth  are,  it  should  be 
remembered,  all  descendants  of  the  cells  in  which  the  neoplasm  starts  and 
maintain  their  general  type.  But  the  old  tissue  of  the  part  in  which  the 
tumor  grows  may  remain  with  its  vessels  and  form  a  matrix  whose  in- 

terstices are  filled  with  the  new  tumor  tissue;  or  the  old  tissue  may 

furnish  the  starting-point  for  a  new 
growth  of  a  fibrous  and  vascular  nutrient 
and  sustaining  stroma. 

Metastasis  of  Tumors. — All  tumors 
are  not  limited,  as  we  have  seen,  to  that 
part  or  region  of  the  bo<ly  in  which  they 
first  occur.  Sooner  or  later  secondary 
nodules  resembling  the  first  may  be 

found  in  distant  parts  of  the  body,  some- 
times singly,  sometimes  in  great  num- 
bers. These  may  grow  tike  the  parent 

tumor,  and  themselves  form  foci  for  new 
disseminations.  fio.  lai.— .-v  tumoh-celi,  ekbolus 

This  dissemination  of  tumors  is  one      Sr,^^'FROHTME^PBmAnTc!jRCTsoK*'iK of  the  important  elements  of  malignancy,      thb  mauua. 
and  is  called  metastasin,  the  secondary 
tumors  being  called  metastatic  tumors.  Metastasis  usually  occurs  by  the 
transportation  of  tumor  cells  through  the  blood  or  lymph  channels  (Fig. 
193).  Since  the  tumor  itself  may  contain  new  and  badly  formed  blood- 
and  lymph- vessels,  and  its  structures  be  in  close  contact  with  the  vessels 
of  the  tissue  in  which  it  grows,  the  cells  of  the  primary  tumor  may,  by 
ulceration  through  or  by  atrophy  of  the  walls,  readily  find  their  way  into 
the  lumen  of  the  vessels  and  be  swept  away  by  currents  as  emboli,  and, 
finding  lodgment,  proliferate  and  grow,  forming  secondary  tumors;  or 
the  proliferation  may  occur  in  the  vascular  endothelium  itself,  when  the 
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formation  of  emboli  is  easy  to  understand.  When  carried  through  the 

lymph-vessels  the  tumor  cells  may  for  some  time  be  kept  from  the  larger 
channels  and  from  general  dissemination  by  lodgment  in  the  lymph- 
nodes,  where  they  may  establish  independent  tumors. 

The  tumors  in  which  metastasis  most  frequently  occurs  are,  as  a 
rule,  those  which  grow  rapidly,  are  vascular  and  succulent,  and  contain 
many  cells  in  proportion  to  their  sustaining  connective  or  indifferent 
tissues.  The  parts  of  the  body  in  which  metastatic  tumors  are  most 
apt  to  form  depend,  of  course,  upon  the  situation  of  the  primary  tumor 
and  the  distribution  of  the  vascular  channels  through  which  dissemina- 

tion occurs  in  accordance  with  the  general  principles  of  embolism. 
Another  form  of  metastasis  is  seen  in  the  dissemination  of  tumors  over 

serous  surfaces,  the  peritoneum  for  example,  in  which  the  mode  of  dis- 
tribution from  a  primary  ulcerating  tumor  may  be  obvious.  An  inter- 

esting example  of  this  type  of  metastasis  is  the  frequent  bilateral  oc- 
currence in  the  ovary  of  metastatic  carcinomata  originating  from  the 

mucous  membrane  of  the  stomach.  In  manv  of  these  cases  no  macro- 
scopic  growths  can  be  found  on  the  surface  of  the  peritoneum  and  the 
tumor  in  the  gastric  mucous  membrane  may  be  very  small,  although 

the  ovary  shows  extensive  involvement.  The  possibility  of  implanta- 
tion of  tumor  cells  upon  the  skin  or  mucous  membranes  should  also  be 

mentioned. 

Metastasis  affords  one  of  the  most  noteworthy  examples  of  the  great 
proliferative  capacity  of  the  cells  of  malignant  tumors.  For  in  the 
metastasis  of  normal  tissue  cells,  such  as  not  infrequently  occurs  after 

injuries  to  the  bones  or  the  liver,  for  example — the  so-called  parenchyma- 
cell  emboli — the  transported  cells  usually  soon  die  and  are  disposed  of  as 
foreign  bodies.  But  the  exalted  proliferative  capacity  of  detached 
tumor  cells  enables  them,  in  spite  of  adverse  conditions,  to  establish  and 

maintain  fresh  foci  of  vigorous  tissue  growth.^ 
The  Malignancy  of  Tumors. — Not  less  variable  than  the  size,  mode  of 

growth,  and  structure  of  tumors  is  their  significance  in  the  organism. 
It  is  customary  to  classify  tumors,  for  practical  purposes,  as  malignant 
and  benign^  and  for  a  long  time  malignant  tumor  and  cancer  or  carcinoma 

w^ere  synonymous  terms.  Now  we  know  that  other  tumors  as  well  as 
carcinomata  are  malignant,  and,  furthermore,  contrary  to  the  former 
belief,  that  malignancy  does  not  depend  upon  any  specific  extracellular 
agent  in  the  tumor.  By  the  malignancy  of  a  tumor  is  not  meant  merely 
the  gravity  of  its  presence,  for  a  simple  fat  tumor,  by  pressing  on  the 
trachea,  may  lead  to  suffocation,  and  any  tumor  may  secondarily  cause 
death  by  haemorrhage.  The  more  obvious  marks  of  malignancy  in  a 
tumor  are:  1.  Invasion  of  adjacent  tissues  by  eccentric  or  peripheral 

growth.  2.  The  tendency  to  local  recurrence  after  removal,  3.  The  for- 
mation of  7nctastases.  4.  An  interference  tvith  the  nutrition  and  general 

ivell-being  of  the  body,  which  may  give  rise  to  a  condition  known  as  cachexia. 
The  modes  of  invasion  of  surrounding  tissues  and  the  formation  of 

*  For  a  study  of  metastasis  in  histologically  benign  tumors  see  Borrmann,  Ziegler  Beitr.,  Bd.  xl 
p.  372,  1906. 
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metastases  have  been  considered  above.  The  tendency  to  local  recur- 
rence after  removal  is  probably,  in  most  cases,  due  to  the  incomplete 

removal  of  the  peripheral  infiltrating  cells.  These  may  be  very  few  in 
number  and  lacking  in  characteristic  structural  features,  but  they  are 

none  the  less  endowed  with  the  capacity  of  proliferation  and  develop- 
ment into  a  new  and  similar  tumor  at  or  near  the  seat  of  the  one  extir- 

pated. The  infiltrating  peripheral  cells  may  remain  dormant  for  a  long 
time  after  an  operation,  or  may  immediately  commence  to  grow.  But 
the  mere  fact  that  a  second  tumor  develops  in  the  place  of  one  removed 
does  not  imply  malignancy,  since  this  may  result  from  a  continuance  of 
the  conditions  which  induced  the  first. 

The  drain  upon  the  system  by  the  rapid  growth  of  a  tumor,  together 
with  the  absorption  from  it  into  the  body  of  deleterious  materials,  from 
sloughing,  ulceration,  and  degeneration,  or  the  occurrence  in  it  of  local 
infection  with  various  micro-organisms  may  give  rise  to  fever  and  other 
constitutional  disturbances.  Or,  the  tumor  may  induce  feebleness, 
anaemia,  and  that  general  impairment  of  the  nutritive  functions  of  the 
body  known  as  cachexia.  This  condition  is  frequently  rendered  worse 
by  the  mental  status  of  the  patient  in  the  presence  of  such  a  traditional 
object  of  alarm. 

It  should  be  remembered,  however,  that  so  long  as  they  are  localized 
and  have  not  undergone  degenerative  changes,  even  the  most  malignant 
tumors  do  not  usually  give  rise  to  a  cachexia,  since  the  drain  upon  gen- 

eral nutrition  by  their  simple  growth  is  not,  under  ordinary  conditions, 
very  great.  When  the  system  is  deteriorated  by  the  absorption  of  septic 
materials  from  tissue  degeneration,  however,  this  may  become  a  very 
important  factor. 

This  condition  of  cachexia,  with  our  present  knowledge,  so  evidently 
secondary  to  the  growth  and  degeneration  of  the  tumor,  was  formerly 
termed  a  dyscrasia  or  diathesis,  and  was  supposed  to  precede  and  induce 
the  growth  of  malignant  tumors,  particularly  cancers. 

It  will  be  seen  from  what  has  been  said  about  malignancy  in  tumors 
that  the  distinction  between  the  malignant  and  the  benign,  while  of 
great  practical  importance,  is  not  fundamental,  since  the  elements  of 
malignancy  are  largely  factors  of  the  mode  and  extent  of  growth,  and 
all  tumors  at  an  early  stage  are  in  a  clinical  sense  benign.  It  is  in  the 
last  analysis  by  their  apparently  almost  unlimited  potency  of  growth 

that  the  malignancy  of  tumors  is  marked.^ 
It  is  finally  to  be  noted  that  the  fragments  of  tumors  which  have 

found  access  to  the  vessels  may  act  as  simple  emboli  leading  to  imme- 
iliate  death,  or,  if  infected,  may  incite  metastatic  abscesses. 

It  was  formerly  supposed  that  the  cells  of  malignant  tumors,  particularly  of 
carcinomata,  had  a  characteristic  structure  and  appearance,  and  that  by  the  examina- 

tion of  single  or  of  a  few  separated  cells  the  nature  of  the  tumor  could  be  determined. 
From  the  above  considerations  it  will  be  evident,  since  all  tumor  cells  have  their  pro- 

totypes in  the  normal  body,  that  there  is  nothing  pathognomonic  in  the  appearances 
of  single  cells.     It  is  by  a  study  of  the  general  structure  and  of  the  topography  of 

^  See  potency  of  growth  in  transplanted  tumors,  p.  354. 
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tumors  as  well  as  of  the  characters  of  the  individual  cells,  that  we  are  enabled  to 
determine  their  nature.  And  even  then  we  must  often  bring  to  our  aid  the  clinical  his- 

tory and  gross  appearances  of  the  growth  before  a  definite  conclusion  can  be  reached. 
We  may  indeed  sometimes,  aided  by  the  clinical  history  or  gross  appearances,  be 
able,  by  microscopical  examination  of  scrapings  from  a  tumor  or  of  fluids  from  an 
internal  cavity  in  which  it  is  growing,  to  form  a  reasonable  conjecture  regarding  its 
nature.  As  a  rule,  the  peripheral  portions  of  the  more  rapidly  growing  tumors  are 
best  adapted  for  microscopical  examination,  because  here  secondary  degenerative 
changes  are  less  likely  to  have  occurred  than  in  the  central  parts. 

Etiology  of  Tumors. 

The  etiology  of  tumors  is  one  of  the  most  complex  and  in  many  ways 
difficult  subjects  in  general  pathology,  and  with  the  limitations  which 
the  character  of  this  work  imposes  we  can  touch  only  briefly  upon  some 
of  its  more  important  aspects,  referring  to  more  extended  works  and  to 
monographs  for  a  vast  amount  of  statistical  and  experimental  data. 

General  Conditions  Relating  to  the  Occurrence  and  Growth  of  Tumors. 

— We  shall  first  consider  some  of  the  general  conditions  which  seem 
to  have  a  bearing  upon  the  occurrence  of  tumors. 

Age. — While  it  may  be  said  in  general  that  tumors  are  most  frequent 
in  adult  and  advanced  life,  it  is  noteworthy  that  tumors  of  the  connective- 
tissue  type  are  apt  to  develop  earlier,  while  the  epithelial  tumors  are 
more  frequent  in  the  later  periods.  Thus,  in  one  thousand  and  sixty- 
three  cases  of  epithelial  tumors  analyzed  by  Gallard,  only  six  occurred 
in  the  first  ten  years  of  life.  The  most  common  situation  of  tumors 
differs  also  in  the  young  and  in  the  old.  Thus,  in  the  earlier  years,  as 
statistics  show,  the  most  frequent  seat  of  tumors  is  the  eyes  and  their 
adnexa,  the  kidneys,  bones,  and  testicles;  whereas  in  adults  and  the 
aged,  the  stomach,  uterus,  liver,  and  mamma  are  most  commonly 
involved.  Carcinoma  of  the  rectum,  however,  is  an  exception,  for  it  is 
relatively  frequent  in  early  life. 

Sex. — Sex  is  also  a  significant  factor  in  the  development  of  tumors, 
especially  of  those  which  are  malignant.  Thus,  in  general,  it  may  be 
said  that  the  statistics  indicate  malignant  tumors  to  be  about  twice  as 
frequent  in  females  as  in  males.  This  proportion,  however,  does  not  hold 
good  for  tumors  of  the  individual  organs.  For  example,  tumors  of  the 
stomach  and  of  the  tongue  and  lips  are  more  frequent  in  men  than  in 
women.  On  the  other  hand,  tumors  of  the  breast  are  far  more  common 
in  women  than  in  men. 

Heredity. — While  the  influence  of  heredity  is  difficult  to  estimate 
accurately,  there  are  a  few  recorded  instances  of  the  remarkable  preva- 

lence of  malignant  tumors  in  families  within  a  few  generations.  The 
general  facts,  however,  are  not  so  striking.  The  statistics  of  Williams 
showed  that  in  two  hundred  and  thirty-five  cases  of  carcinoma  of  the 
uterus  or  breast,  about  nine  per  cent,  gave  a  history  of  carcinoma  in 
father  or  mother,  while  in  nearly  twenty  per  cent,  there  was  evidence  of 
carcinoma  in  the  family.  In  the  estimates  of  other  observers,  the  heredi- 

tary influence  seemed  evident  in  about  one-third  or  one-fourth  of  the 
cases.     It  is,  however,  instructive  in  this  connection  to  note  that  in  a 
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study  by  Snow  of  seventy-eight  healthy  persons  there  was  evidence  of 
carcinoma  in  the  family  in  about  one-fifth  of  the  cases.  On  the  other 
hand,  it  has  been  shown  by  breeding  experiments  that  carcinoma  is  no 
more  frequent  in  the  descendants  of  carcinomatous  mice  than  in  the 
descendants  of  normal  mice. 

It  is  clear,  therefore,  that  while  such  statistics  are  suggestive  and  on 
the  whole  indicate  that  a  hereditary  predisposition  to  the  development 
of  tumors  may  exist,  this  does  not  in  any  way  account  for  the  immediate 
incitement  of  the  growth  of  tumors,  and  is  indeed,  as  Men^trier  has  urged, 
but  one  of  many  examples  of  hereditary  predisposition  which  is  observed 
in  many  forms  of  disease,  such  as  infections,  cerebral  apoplexy,  etc. 

The  influence  of  climate^  food,  race^  and  social  condition  has  been 
invoked  as  bearing  upon  predisposition  to  the  growth  of  tumors;  but 
the  evidence  is  not  convincing  that  these  are  very  significant  in  etiology. 

Local  Predisposing  Factors  in  the  Development  of  Tumors. — When 
we  turn  froni  the  general  to  the  local  conditions  bearing  upon  the  origin 
of  tumors,  we  find  an  imposing  array  of  instances  in  which  tumors,  and 
especially  malignant  tumors,  follow  local  injuries^  either  mechanical  or 
toxic,  or  are  associated  with  chronic  inflammatory  processes.  Bruises 

or  contusions,  particularly  those  involving  the  bones,  are  not  infre- 
quently followed  by  malignant  tumors,  and  it  is  noteworthy  that  these 

tumors  are  most  apt  to  be  of  the  connective-tissue  type — sarcoma, 
osteo-sarcoma,  chondroma,  etc.  Epithelial  tumors,  on  the  other  hand, 
are  more  frequently  developed  at  the  seat  of  repeated  injury  or  long- 
continued  irritation.  Thus,  epitheliomata  are  common  in  the  mouth, 
near  a  rough  ulcerated  tooth,  on  the  lips  of  pipe  smokers,  and  on  the 
abdomen  in  Hindus  owing  to  irritation  produced  by  fire  baskets  which 
they  wear  about  the  body,  at  the  edges  of  chronic  ulcers,  on  the  skin  of 
workers  exposed  to  various  chemical  or  mechanical  irritants,  in  cicatrices, 
at  the  orifices  of  the  stomach  and  at  the  anus.  Finally,  the  frequent 

occurrence  of  carcinoma  of  the  liver  with  cirrhosis,' though  less  easy  of 
interpretation  than  many  instances  of  the  association  of  tumors  with 
chronic  inflammation,  is  worthy  of  notice  in  this  connection. 

Before  concluding  this  brief  survey  of  the  relationships  of  tumors  to 

trauma,  prolonged  irritation,  and  chronic  inflammation,^  it  may  be  wise 
to  remind  the  reader  that  undue  significance  should  not  be  attached  to 
this  occasional  association,  since  in  the  great  majority  of  cases  these 
conditions  are  not  followed  by  tumors,  nor,  furthermore,  has  it  ever  been 
possible  to  induce  genuine  tumors  experimentally  under  these  readily 
secured  conditions  in  animals.  The  bearing  of  trauma  upon  the  origin 
of  tumors  is  to  be  held  in  mind  in  estimating  the  influence  of  sex,  since 
males  are  in  general  more  liable  to  injuries  than  females. 

The  relatively  common  development  of  tumors  in  pigmented  and 
other  naevi  of  the  skin  illustrates  the  significance  of  local  malformations 

as  predisposing  factors  in  the  origin  of  tumors.^ 
^  For  an  interesting;  study  of  the  relationship  of  trauma  to  malignant  tumor  formation  see  Brosch, 

Virchow's  Arch.,  Bd.  clxii.,  p.  32,  1900,  bibl. 
2  It  should  be  remembered  that  many  of  the  complex  tissue  growths  often  reckoned  among  tumors 

and  called  teratomata  are  really  embryonic  rudiments  of  another  individual.     While  such  rudimentary* 
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Several  cases  have  been  recorded  in  which  through  injury  there  has 
been  a  mechanical  displacement  of  cells — heterotopia — from  which  in 
their  new  situation  tumors  have  developed.  These  cases,  which  have 
been  in  a  measure  paralleled  by  experiments  in  animals,  illustrate  an 
important  class  of  congenital  tumors,  often  cystic  in  character,  which 
arise  from  embryonal  cell  displacement,  or,  as  is  the  case  in  many  of  the 
tumors  of  the  neck  at  the  site  of  the  branchial  clefts,  from  an  imperfect 
closure  of  embryonal  openings. 

Cohnheim's  Hypothesis  of  Superfluous  or  Displaced  Embryonal  Cells. — 
We  have  seen  that  such  evident  malformation  as  the  naevi  of  the  skin 

may  form  the  starting-point  of  malignant  tumors.  We  know  that  in 
many  cases  cells  or  tissues  or  parts  of  organs  displaced  during  embryonal 
life,  as  in  the  branchial  clefts  or  in  the  kidney,  may  later  develop  into 
tumors.  Cohnheim  has  gone  further  than  this  and  framed  an  hypothesis 
to  the  effect  that  all  true  tumors  arise  in  faulty  embryonal  develop- 

ment. In  accordance  with  this  hypothesis,  cells  which  in  the  course  of 
the  development  of  the  body  may  be  displaced  or  become  superfluous 
or  do  not  undergo  the  usual  differentiation,  may  remain  for  long  periods 
unaltered  but  liable  in  later  life,  from  whatever  reason,  to  commence 
growing  with  all  the  potencies  of  lowly  organized  cells,  in  the  midst  of 
the  mature  tissues.  The  apparent  influence  of  heredity  in  the  occurrence 
of  some  tumors,  the  congenital  nature  and  early  development  of  others, 
their  atypical  structure  in  general,  the  formation  in  one  organ  of  tumors 
of  types  belonging  to  another,  for  example  adrenal  tumors  in  the  kidney, 
and  the  tendency  of  many  forms  to  occur  in  situations  in  which  during 
the  development  of  the  embryo  considerable  complexity  exists,  as  well 
as  their  frequent  primary  multiplicity — all  of  these  characters  of  tumors 
lend  considerable  plausibility  to  Cohnheim 's  hypothesis,  and  it  appears  to 
be  applicable  in  certain  cases.  But  it  still  lacks  a  morphological  basis, 
since  no  one  has  seen  the  postulated,  strayed,  or  dormant  embryonic 
cells;  again,  it  by  no  means  follows  because  tumors  often  develop  at 
the  seat  of  malformations  or  may  arise  in  embryonal  heterotopias  that 
all  tumors  are  thus  associated;  and  finally,  the  frequent  origin  of  epi- 
theliomata  in  cells  which  have  been  formed  in  adult  life,  in  cicatrices, 
for  example,  is  evidence  that  this  hypothesis  is  not  in  any  event  of 
universal  application. 

We  have  now  reviewed  a  series  of  conditions  which  appear  more  or 
less  directly  to  bear  upon  the  development  of  tumors:  general  conditions, 
such  as  age,  sex,  hereditary  influences,  etc.;  local  conditions,  such  as 
congenital  or  acquired  malformations,  injuries,  long-continued  irritation, 
inflammatory  processes,  surplus  or  displaced  embryonal  cells  with 
foetal  potencies  of  growth.  But  when  all  these  are  taken  into  the 
account,  we  do  not  appear  to  have  gained  a  definite  clew  to  the  immediate 
actual  excitant  of  the  new  growths.  Given  any  or  all  of  the  varied 

predisponents,  why  do  the  cells,  which  under  any  of  these  favoring  con- 

embryoe  may  be  large  and  present  such  diversity  and  arrangement  of  tissue  as  to  render  the  character 
of  the  growth  obvious,  they  may,  on  the  other  hand,  be  very  simple  in  character,  as  in  some  of  the  so- 
called  dermoid  cysts.     These  are  all  to  be  regarded  rather  as  malformations  than  as  genuine  tumors. 
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ditions  may  have  remained  long  inactive,  and  indeed  usually  do  so, 
presently  begin  to  proliferate  and  continue  this  new  activity  beyond  the 
limitations  of  structural  types  or  physiological  correlation?  It  would 
appear  that  either  there  are  external  excitants  of  cell  growth,  as  yet 
unknown  to  us,  which  suddenly  become  active,  or  else  we  are  face  to 
face  with  the  fundamental  problem  as  to  the  nature  of  the  normal 

physiological  impulses  to  cell  growth  and  proliferation^  and  the  restrain- 
ing influences  to  which  these  are  subject. 

The  Excitants  of  Tumors. — If  now  we  turn  from  the  various  general 
and  local  factors  which  appear  to  influence  the  occurrence  of  tumors 
to  the  views  which  are  held  as  to  the  actual  excitants,  we  find  that  these 
may  in  general  be  grouped  in  two  classes.  The  first  class  of  views 

involves  the  assumption  of  some  form  of  living  micro-organism  capable, 
under  suitable  conditions,  of  inciting  the  body-cells  to  the  proliferative 
capacities  which  are  the  chief  characteristic  of  tumors.  This  is  called 
the  theory  of  the  parasitic  origin  of  tumors.  Those  who  hold  this  view 
regard  the  processes  by  which  tumors  are  formed  as  analogous  with  those 
involved  in  the  infectious  diseases. 

On  the  other  hand,  those  who  hold  the  second  class  of  views  regard- 
ing the  excitants  of  tumors  do  not  believe  that  tumors  of  any  kind, 

even  the  most  malignant,  are  induced  or  perpetuated  by  processes 
analogous  with  these  involved  in  infection,  but  that  the  excitants  to 
tumor  formation  are  to  be  sought  in  the  inherited  and  inherent  potencies 
of  the  body-cells  themselves  set  free  from  their  normal  physiological 
restraints  under  a  variety  of  external  conditions.  This  is  called  the 
theory  of  the  biolo(,ical  origin  of  tumors,  or  the  theory  of  intrinsic  excitants 
of  tumors. 

Micro-organisms  as  Excitants  of  Tumors.  Bacteria. — It  is  not  sur- 
prising that  micro-organisms  should  have  been  thought  of  as  possibly 

direct  excitants  of  tumors,  especially  in  view  of  a  certain  crude  analogy 
between  some  phases  of  tumor  growth  and  metastasis  and  some  forms 
of  infection  with  metastasis.  Bacteria  of  many  kinds  have,  in  fact,  been 
frequently  found  in  tumors  of  many  sorts;  but  there  is  no  conclusive 
reason  at  hand  for  the  belief  that  they  are  ever  of  any  direct  significance 
save  as  chance  contaminations  of  vulnerable  tissues  or  as  incitants  of 

secondary  and  complicating  lesions. 

Protozoa. — A  great  deal  has  recently  been  written  about  certain 
structures  which  are  not  infrequently  found  in  or  between  tumor  cells, 
especially  in  the  carcinomata,  which  have  been  hastily  assumed  to  be 

parasites  and  supposed  to  be  protozoa.  These  cell  "inclusions"  ("can- 
cer bodies,"  "Plimmer  bodies,"  "Russell  bodies,"  etc.)  are  for  the  most 

part  larger  or  smaller  rounded  bodies  (Figs.  194  and  195);  with  or  with- 
out nuclei;  sometimes  with  double  contours,  sometimes  not;  usually 

sharply  outlined  against  the  cell  protoplasm  in  which  they  lie;  often 
crowding  the  nucleus  to  oue  side,  often  situated  within  the  nucleus,  or 

apparently  replacing  it.  Some  of  them  are  cell  secretions  or  degener- 
ation products,  some  are  invaginated  epithelial  or  other  cells,  or  cell 

^  See  Regeneration,  p.  64. 
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nuclei  which  have  undergone  various  degenerative  metamorphoses, 
fragmentation,  etc.  Some  of  the  questionable  structures  appear  to  be 
the  metamorphosed  nuclei  of  the  tumor  cells  themselves.  They  may 
be  single  or  there  may  be  several  in  a  cell.  They  are  especially  common 
in  gland-cellcd  carcinomata.  Similar  objects  are  to  be  found  in  other 
than  tumor  tissues.  They  are  not  present  in  some  forms  of  carcinoma. 
They  are  readily  stained,  with  varying  degrees  of  intensity,  by  hfema- 

toxylin,  eosin,  safranin,  or  fuchsin.  There  is,  in  the  writer's  opinion, 
no  evidence  either  that  these  are  living  organisms  or  that  they  have 
anything  to  do  with  the  origin  of  tumors. 

While  coccidia  or  allied  organisms,  with  which  these  "c:incer  bodies" 
have  been  compared,  are  capable  of  inciting  the  growth  of  a  small  amount 

of  new  connective  tissue  and  sometimes  lead  to  hyperplasia'  of  epithe- 
lium, such  growths  are  apparently  inflammatory  in  character,  as  are 

those  other  new  ti.-i.sue  formations  incited  by  the  tubercle  bacillus,  the 
lepra  bacillus,  etc.,  which  have  sometimes  been  improperly  cla.'^sed  with 
tumors  and  called  infectious  granulomala.  The  reader  is  referred  to 
the  sections  dealing  with  the  nature  of  the  inflammatory  process  in 
general  (p.  81),  and  to  the  introductory  section  in  the  present  chapter 
for  a  review  of  the  differences  in  the  conception  of  the  inflammatory 
processes  and  tumor  formation. 

I  Sec  Tyziir.  Jour.  Mc-ii.  Kw.,  vol.  vii..  yi.  'j:(5.  10(12. 
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Teasts. — Attention  haa  been  called,  in  connection  with  tumors,  to 
certain  forms  of  yeasts  or  blastomycetes  as  excitants  of  new  tissue 
growths,  but  these  also  appear  to  be  inflammatory.  The  cultivation 
of  yeasts  from  the  tissues  of  malignant  or  other  tumors  is  of  no  more 
significance  than  the  cultivation  of  bacteria  under  similar  conditions. 

The  nearly  uniform  failure  in  the  attempts  to  transplant  tumors  from 
one  species  of  animal  to  another,  although  the  morphological  characters 
of  such  tumors  occurring  spontaneously  appear  to  be  identical,  and  the 

absolute  failure  to  cultivate,  either  directly  or  by  inoculation,  any  con- 
stant organisms  from  them  which  are  capable  of  inducing  experimental 

tumor  growths;  the  difference  in  the  nature  of  metastases;  the  failure 

Showing  varioiu  forma.     From  lareinom*. 

of  Statistical  data  to  substantiate  the  claims  made  for  the  increase  of 

cancer  and  its  endemic  occurrence,  all  speak  with  much  force  against 
the  notion  of  the  parasitic  origin  of  malignant  tumors.  Moreover,  the 
great  diversity  in  the  character  and  in  the  inconstancy  of  occurrence  of 
the  objects  which  have  been  regarded  as  of  possible  significance  in 
tumors,  as  well  as  their  occurrence  elsewhere,  greatly  diminishes  the 

plausibility  of  the  claims  which  have  been  made  for  them.' 
It  is  much  to  be  regretted  that  most  of  those  who  advocate  the  para- 

sitic nature  of  tumor  excitants  should  be  so  engrossed  with  the  alleged 
parasites  that  they  largely  ignore  the  dominant  characters  and  the  life 
history  of  the  tumors  themselves,  especially  of  malignant  forms,  and  the 
fundamental  distinctions  between  these  and  such  inflammatory  growths 
as  may  superficially  resemble  tumors  and  which  are  undoubtedly  often 
incited  by  various  kinds  of  micro-organisms. 

One  does  not,  of  course,  assert  that  tumors  cannot  be  incited  by  para- 
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sites,  but  at  present  no  adequate  reason  appears  to  exist  for'  believing 
that  they  are.^ 

It  is  indeed  not  improbable  that  a  local  predisposition  to  tumor 
formation  akin  in  nature  to  that  which  now  and  then  is  attributable  to 

trauma  occasionally  may  be  induced  by  micro-organisms.  But  this  it 
remains  for  future  researches  to  demonstrate. 

The  Intrinsic  Excitants  of  Tumors. — "Biological  Origin." 

The  Complexity  of  the  Problem. — It  seems  to  the  writer  that  to  seek 
for  a  single  external  excitant  or  group  of  excitants  for  the  aberrant  tissue 

grow^ths  which  we  call  tumors  is  to  ignore  the  many  still  obscure  influ- 
ences which  are  at  work  in  all  tissue  growth,  especially  those  physiolog- 

ical agencies  which  foster  cell  proliferation  and  tend,  under  the  influence 
of  heredity,  to  specialization  in  form  or  function.  On  the  other  hand, 
not  to  be  ignored  are  those  influences,  w^hether  of  nutrition  or  pressure 
or  exposure,  w^hich  mould  the  cell  growth  under  normal  conditions 
into  fixed  and  useful  forms.  It  is  rather  a  matter  for  surprise  that 
ever-changing,  self-regenerating  living  tissue  does  not  oftener  go  astray 
in  its  activities  than  that  it  should  only  now  and  then  do  so.  This 
latter  somewhat  inverted  point  of  view  may  be  useful  in  calling  away 
the  attention,  in  discussing  the  etiology  of  tumors,  from  a  too  close  regard 
to  extraneous  factors,  and  directing  it  to  the  many  still  unexplored 

fields  in  cell  physiology  with  w^hich  we  must  perhaps  become  familiar 
before  we  can  with  fair  hope  of  success  attack  the  serious  problems  of 
both  the  excitation  and  the  prevention  of  tumors. 

No  adequate  conception  can  be  gained  of  the  complexity  of  the  prob- 
lem involved  in  the  origin  of  tumors  or  of  the  directions  in  which  the 

highest  promise  of  experimental  research  lies  without  a  recognition  of 
the  new  cell  lore  derived  from  a  study  of  the  lower  and  simpler  forms  of 
life. 

The  more  commonly  accepted  and  time-honored  view  of  the  imme- 
diate excitation  of  tumors  is  that  they  are  due  to  some  stimulus — 

"formative  stimulus'' — by  w^hich  the  proliferative  capacity  of  the  cells 
is  increased.  What  the  nature  of  this  postulated  stimulus  may  be,  where 
it  comes  from,  and  how  it  is  brought  to  bear  upon  the  transformations 
of  energy  which,  through  the  subtle  mechanism  of  the  cell,  are  manifested 
in  proliferation,  is  in  no  wase  clear. 

The  Relation  of  Abnormalities  in  Mitosis  to  Tumors. — It  has  become 
evident  from  the  many  illuminating  studies  which  have  been  made 
during  the  last  few  years  upon  the  phenomena  of  mitosis,  that  through 
the  character  and  performances  of  the  chromatic  substance  of  nuclei  and 
in  the  chromosomes  many  of  the  potencies  and  peculiarities  of  cells 
may  find  expression.  It  is  natural,  therefore,  that  studies  should  have 
been  made  upon  the  nuclear  characters  of  rapidly  growing  tumors. 

Thus,  v.  Hansemann^  records  observations  upon  the  mitotic  figures 
*  For  a  study  of  the  nature  of  the  cell  inclusions  of  cancer  see  Greenough,  Jour.  Med.  Res.,  vol.  xiii., 

p.  137,  1905. 
'  V.  Hansemann,  Biol.  Centrbl.,  Bd.  xxiv..  No.  5,  1904. 
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of  malignant  tumors  which  led  him  to  assume  that  they  have  suffered 
modifications  characterized  by  a  loss  of  differentiation,  a  condition 
which  he  calls  anaplasia.  It  is  assumed  that  the  cells  of  malignant 
tumors  have  acquired  embryonic  characters  expressed  by  their  inde- 

pendence and  increased  power  of  proliferation  and  of  destruction  of 
surrounding  tissues.  But  this  view,  even  if  sustained,  does  not  throw 
light  upon  the  inciting  factors  in  tumors. 

Similarly  Farmer,  Moore,  and  Walker,*  studying  the  phenomena  of 
mitosis  in  malignant  tumors,  have  asserted  that  there  is  in  this  mitosis 
a  reduction  in  the  numbers  of  chromosomes  similar  to  that  occurring 
in  the  maturation  of  sexual  cells,  the  reduced  cells  having  half  the  num- 

ber of  chromosomes  of  the  somatic  cells.  Thus  in  accordance  with  this 
view,  malignant  tumors  arise  from  the  metamorphosis  of  differentiated 
somatic  tissues  into  a  special  form  of  reproductive  tissue  to  which  these 
observers  attribute  the  independence  and  proliferative  capacity  marking 
malignancy.  But  this  conception  of  the  nature  of  the  departure  from 
the  normal  in  malignant  tumors,  even  if  the  alleged  facts  upon  which 
it  is  based  were  established — which  does  not  seem  to  be  the  case  since 
reduced  numbers  of  chromosomes  may  not  be  present  in  parts  of  such 
tumors — does  not  reveal  the  inciting  factors  in  these  growths. 

Cohnhdin's  Hjrpothesis. — The  hypothesis  of  Cohnheim,  which  we 
have  considered  above,  while  in  accord  with  many  facts  bearing  upon  the 
morphology,  clinical  manifestations,  and  experimental  observations  of 
tumors,  really  relates  to  the  predisposing  conditions  of  tumor  forma- 

tion rather  than  to  the  actual  excitants.  It  was,  in  fact,  necessary  for 

Cohnheim  to  assume,  as  possible  final  excitants  of  tumor  grow^th  from 
his  displaced  or  belated  cells,  a  local  hyperaemia  or  a  diminished  resist- 

ance to  their  growth  on  the  part  of  surrounding  tissues.* 
Ribbert's  Hjrpothesis. — A  more  subtle  and  perhaps  more  compre- 

hensive view  of  the  agencies  which  must  be  taken  into  the  account  in 

the  excitation  of  tumors  is  that  especially  advocated  by  Weigert'  and 
Ribbert.*  These  observers  and  those  in  sympathy  with  their  views  do 
not  admit  a  new  formative  stimulus  into  their  conception  of  the  origin 
of  tumors,  but  regard  the  usual  potencies  of  the  cells  in  this  respect  to 
be  sufficient  if  the  natural  restraints  to  over-proliferation  be  in  any  way 
diminished. 

Ribbert  has,  perhaps  more  definitely  than  any  other,  framed  a  work- 
ing hypothesis  along  these  lines  which  is  at  least  suggestive.  He  lays 

stress  in  his  conception  of  the  origin  of  tumors  upon  the  intimate  asso- 
ciations of  the  cells  of  the  normal  body  as  parts  of  an  organism,  whose 

varied  capacities  are  normally  held  in  some  fashion  under  mutual  restraint 
in  subservience  to  their  common  welfare.  This  mutual  relationship, 
however,  once  destroyed,  for  example,  by  the  separation  of  cells  or 
cell  groups  from  their  organic  associations,  they  assume  less  highly 

*  See  Farmer,  Nature,  Feb.  4th,  1904;  also  Bash/ord  and  Murray,  Proc.  Roy.  Soc.,  January  2l8t, 
1904. 

^  For  a  further  discussion  of  these  various  view3  see  Nichols,  I.  c,  foot-note,  p.  354. 
'  Weigert,  "Neue  Frageetellungen  in  path.  Anat.,"  Dcut.   med.  Wochenschr.,  1896,  p.  635. 
*  Ribbert,  "Geschwulstlehre."  1904;  or  "Lehrbuch  d.  allg.  Pathologic,"  1905. 
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differentiated  characters,  their  physiological  capacities  are  no  longer 
held  in  leash,  and  these,  if  the  nutritive  and  other  conditions  be  favor- 

able, may  express  themselves  in  exaggerated  fashion  by  excessive  growth 
and  proliferation. 

Ribbert  explains  the  way  in  which  he  conceives  that  the  process  of 
cell  disassociation  and  release  from  restraint  may  occur.  Since  he  does 
not  admit  a  primary  increase  in  the  inherent  proliferative  capabilities 
of  the  cells,  he  cannot  assume,  as  is  commonly  done,  that  the  process  is 
initiated,  in  carcinoma  for  example,  by  the  epithelial  cells.  He  assumes 
that  the  process  may  start  in  the  connective  tissue,  which  is  liable  to 
increase  in  amount  in  response  to  a  variety  of  influences,  notably  those 
which  involve  trauma,  or  simple  inflammation,  or  replacement  hyper- 

plasia. In  the  starting  of  carcinoma  of  the  stomach  or  intestine,  for 
example,  Ribbert  asserts  that,  in  many  cases  at  least,  the  new-formed 
connective  tissue  cuts  off  cells  or  cell  groups  from  their  organic  connec- 

tions, and  claims  that  in  this  way  alone  we  may  account  for  the  required 
release  from  the  restraints  of  the  organic  association  and  the  exuberant 
aberrant  growth  which  follows. 

This  view  is  interesting  in  connection  with  the  frequent  association  of 
carcinoma  with  chronic  inflammation,  which  has  been  already  noted. 
Ribbert  also  insists  upon  the  embryonic  displacements  or  superfluous 
cells  of  Cohnheim  as  important  predisposing  factors  in  the  release  of 
tissues  from  organic  control. 

It  is  assumed  by  those  who  adopt  the  hypothesis  of  Ribbert  that  the 
localized  groups  of  cells,  in  which  tumors  originate  during  their  growth 
under  the  conditions  associated  with  their  emancipation  from  organic 
control,  have  so  adapted  themselves  to  abnormal  nutritive  and  other 
adverse  conditions  that  the  transportation  to  a  new  site  as  tumor  cells 
can  more  readily  be  endured  than  by  cells  which  have  not  enjoyed  this 
preliminary  adaptation  to  nutritive  and  environmental  hardships — 
parenchyma-cell  emboli  for  example.* 

Ribbert 's  views  on  this  subject  are  summarized  by  himself  sub- 
stantially as  follows: 

All  tumors  originate  in  cells  which  have  been  separated  from  their  normal  relation- 
ships. 

This  separation  occurs  either  by  a  disturbance  of  the  embryonal  or  post-foetal 
developmental  processes,  or  by  trauma,  or  by  processes  of  growth  which  are  the  ulti- 

mate results  of  inflammation. 

*  Fischer  has  recently  shown  that  the  injection  beneath  the  skin  of  the  ear  of  the  rabbit  of  a  mixture 
of  oil  and  Scharlach  R  is  capable  of  inciting  a  downward  growth  of  epithelium  in  branching  plugs  resem- 

bling in  structure  the  epithelial  reticulum  of  epitheliomata.  These  structures  maintain  their  characters 
and  growth  for  a  considerable  time,  but  when  the  colored  oil  is  extracted  the  epithelium  paracs  on  to  its 
mature  condition,  and  becomes  comified,  and  the  growth  ceases. 

The  structures  formed  are  limited  in  growth  and  are  not,  therefore,  to  be  properly  classed  with 
malignant  tumors.  Fischer  assumes  that  the  injected  colored  oil  is  chemotactic  and  postulates  for  malig- 

nant tumors  the  presence  in  the  body  of  some  substance  which  he  names  attraxine,  which  through  its 
persistent  action  incites  the  continuous  cell  growth  marking  malignancy.  But  this  opinion  has  not 
stood  criticism,  the  incitation  to  growth  being  due  largely  to  increased  blood  supply.  When  Scharlach 
oil  is  injected  with  tumor  material  it  diminishes  the  percentage  of  positive  inoculations  because  it  incites 
an  excessive  tissue  reaction  which  causes  absorption  or  destruction  of  the  tumor  cells.  We  refer  for 
further  details  of  these  experiments  to  the  original  article,  Miinch.  med.  Woch.,  1906,  p.  2041. 
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The  dissociated  cells  grow  independently  and  in  limitless  fashion,  because  the 
organism  has  lost  control  over  them. 

The  differences  in  the  types  of  tumors  are  accounted  for  by  the  character  of  the 
originally  separated  cells  and  the  conditions  under  which  these  have  grown. 

The  Ultimate  Problems  in  Tumors. — When  all  has  been  said  about 

general  and  local  predisposing  factors  in  tumors;  when  through  obser- 
vation and  experiment  all  possible  light  has  been  thrown  upon  the  na- 

ture of  their  immediate  excitants,  we  are  still  face  to  face  with  a  host  of 
problems  relating  to  tumors  as  organized  entities  showing  complex  tissue 

adjustments  and  revealing  specific  inherited  qualities  and  powers.^ 
These  all  in  the  end  carry  us  back  to  the  fundamental  questions  in 
biology  and  the  mechanism  of  development  with  which  students  of  all 

forms  of  life  are  more  or  less  directly  engaged;  back  even  to  the  poten- 
cies which  dominate  and  characterize  life  itself,  and  are  handed  on  from 

cell  to  cell  through  the  long  line  of  inheritance.  It  may  be  that  from 
the  chromosomes  and  their  abnormalities  with  which  the  cytologist  is 

so  eagerly  engaged  to-day  is  to  be  derived  the  knowledge  through  which 
we  shall  arrive  at  a  more  definite  comprehension  of  tumors.  Thus  it  is 
evident  that  here  as  elsewhere  in  pathology  we  are  dealing,  not  with 
independent  problems,  but  with  specific  outlooks  only  on  the  wider 
field  of  general  biology. 

The  Need  of  New  Research  in  Tumors. 

It  has  become  evident  of  late  that  much  of  the  statistical  lore  of 

tumors,  especially  of  malignant  types,  which  has  been  handed  on  from 
one  writer  to  another,  is  in  need  of  a  critical  revision,  and  that  many  of 
the  current  opinions  regarding  malignant  tumors  are  based  upon  alleged 
observations  of  doubtful  validity  and  upon  inferences  hastily  and  illogi- 
cally  drawn.  Among  these  opinions  needing  revision  may  be  mentioned 
the  alleged  relative  rapid  increase  in  the  frequency  of  caneer,  which  rests 
upon  data  obviously  faulty;  the  contention  that  metastases  in  malig- 

nant tumor  are  closely  analogous  with  metastases  in  infective  processes 
and  indicate  the  infective  nature  of  the  former;  the  view  that  carcinoma 
has  been  in  many  instances  directly  conveyed  by  contact  from  a  victim 
of  the  disease  to  a  well  person;  the  successful  inoculation  of  carcinoma 
of  man  into  the  lower  animals.  None  of  these  points  has  been  sustained 
by  reliable  data. 

It  has  become  evident  that  a  new  departure  is  necessary  in  the  study 
of  tumors  and  that  this  is  especially  urgent  along  two  lines:  first,  in 

the  collection  of  more  reliable  statistics,^  which  shall  embrace  not  only 
man,  but  the  lower  animals  as  well;  and,  second,  the  initiation  of  care- 

ful and  extended  experimental  studies  of  the  tumors,  especially  the 

*  For  a  sugKcative  study  of  this  subject  see  Albrecht,  "  Kntwicklungsmechanische  Fra^en  der 
Geschwulstlehre."  Verh.  Deutsch.  Path.  Ges.,  B^.  viii.,  p.  89,  1904. 

'  For  a  study  of  the  statistical  investigation  of  cancer  see  Bashford  and  Murray,  Report  of  Imp. 
Cancer  Research  Fund,  No.  2,  Part  I.,  1905. 23 
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malignant  tumors,  of  the  lower  animals,  in  which  such  growths  frequently 
occur  spontaneously. 

When  along  these  lines  the  data  relating  to  the  biology  of  tumors 
shall  have  been  gathered  on  a  large  scale  the  outlook  will  be  brighter 
for  the  study  of  the  fundamental  problems  of  the  inciting  factors  in 
tumors  and  of  promising  measures  for  their  treatment. 

The  Transplantation  of  Tumors. 

We  have  seen  in  an  earlier  part  of  this  book  (p.  77)  that  it  has  been  possible 
to  transplant  living  tissues  from  one  animal  to  another  of  the  same  species;  that  when 
this  is  done  there  may  be  at  first  a  slight  cell  proliferation  at  the  new  site  and,  in  the 
case  of  epidermal  structures,  a  considerable  growth,  so  that  new  epidermis  may  form 
in  skin  grafts,  while  cyst-like  structures  may  develop  when  epidermal  tissues  are  em- 

bedded in  the  tissues  of  the  host.  It  has  even  been  possible  to  transplant  whole 
organs,  ovary,  testicle,  and  kidney,  which  have  maintained  for  a  short  time  their 
structural  and  functional  qualities  on  the  new  site.  But  in  general  the  fate  of  trans- 

planted normal  tissues  is  sooner  or  later  to  undergo  necrosis  or  to  fall  under  the  sway 
of  the  protective  agencies  of  the  host,  and  either  by  the  action  of  lytic  fluids  or  by 
phagocytes  to  disappear.  Transplantation  of  normal  tissue  to  animals  of  another 
species  is  not  successful. 

Turning  now  to  tumors,  we  find  that  a  great  deal  of  most  important  and  illumi- 
nating work  has  recently  been  done  in  the  way  of  tumor  transplantation  in  animals, 

especially  of  the  malignant  type,  carcinoma.^  Tumors  of  nearly  all  kinds  known  in 
man  may  occur  in  domestic  or  wild  animals,  even  in  cold-blooded  animals  such  as 
fish.  But  it  is  to  tumors  spontaneously  and  occasionally  occurring  in  mice  and  rat^, 

especially  carcinoma,  adeno-carcinoma,  and  sarcoma,  that  attention  has  been  par- 
ticularly directed.  It  has  been  found  that  if  small  particles  of  such  spontaneous 

mouse  tumors  be  inserted  under  the  skin  of  healthy  mice  of  the  same  race,  in  a  certain 
varying  proportion  of  cases  the  implanted  cells  will  grow  and  produce  new  tumors 
similar  in  character  to  the  original.  Thus,  from  animal  to  animal  through  long  series  the 
tumors  may  be  propagated  to  an  extent  which,  so  far  as  is  now  known,  is  without  limit. 
The  most  striking  feature  of  these  transplantations  is  the  apparently  boundless  capac- 

ity for  proliferation  of  the  cancer  tumor  tissue.  It  will  readily  be  seen  if,  as  is  some- 
times the  case,  a  few  small  fragments  of  such  a  tumor  in  new  hosts  within  a  few  days 

grow  to  an  aggregate  bulk  equaling  that  of  the  original  tumor,  and  if  the  trans- 
plantations were  continued,  that  in  a  few  generations  the  amount  of  new  living 

tissue  which  would  result  would  be  prodigious  almost  beyond  belief.^ 
With  the  recent  development  of  this  form  of  experimental  study  of  carcinoma  a 

very  large  and  promising  field  of  observation  is  open,  and  already  many  most  signifi- 
cant facts  have  been  brought  to  light. 

It  is  now  possible  to  demonstrate  that  the  characteristic  cells  of  the  new  tumor 
are  not  furnished  by  the  host,  but  are  the  progeny  of  the  transplanted  cells  and,  carried 
through  however  many  generations,  the  lineal  descendents  of  the  cells  of  the  original 
spontaneous  tumor. 

While  the  researches  of  Bashford*  have  shown  that  in  general  the  sustaining 
connective-tissue  stroma  and  the  blood-vessels  of  the  transplanted  tumor  tissue  dis- 

appear and  are  replaced  by  the  connective  tissues  of  the  host  at  the  new  site;  this  is 

not  always  the  case,  for  in  certain  transplanted  tumors  observed  by  Ehrlich,*  the 

*  For  a  risunii  of  the  earlier  phases  of  tumor  transpliintation  see  Nichols,  Third  Report  of  the  Croft 
Cancer  Commission,  Jour.  Med.  Res.,  vol.  xiii.,  p.  187,  1905.  For  later  studies  see  Ehrlich  and  ApolarU^ 
Berl.  klin.  Woch.,  1905,  p.  871;  ibid.,  1906,  p.  37,  also  Arb.  a.  d.  Konigl.  Inst.  f.  exp.  Therapie,  Heft  1, 
1906;  also  Bashford,  Rep.  Imp.  Cancer  Res.  Fund.,  No.  2,  Part  II.,  1905. 

2  For  a  calculation  of  the  possibilities  of  such  a  growth  see  Apolant  and  Ehrlich,  Berl.  klin.  Woch., 
1905,  p.  871:  ibid.,  1906,  p.  37. 

^Bashford.     Reports  of  the  Imp.  Cancer  Research  Fund,  No.  2,  Part  II,  1905. 

<  Ehrlich,  **  Exp.Carcinom  Studien  an  Mftusen."  Sep.  Abdr.,  Arb.  a.  d.  Konigl.  Inst.  f.  exp.  Thera- 
pie, Heft  1,  1908. 
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connective-tissue  stroma  gradually  outgrew  the  epithelial  elements  originally  domi- 
nant in  the  tumor  and  the  final  result  after  many  transfers  was  the  alteration  of  a 

carcinoma  into  a  sarcoma. 

Flexner  and  Jobling*  observed  the  reverse  process,  in  which  a  tumor  of  a  white  rat 
originally  regarded  as  a  sarcoma  from  its  morphological  appearance  altered  gradually 
into  an  adenocarcinoma,  and  finally  into  a  pure  carcinoma  of  remarkable  vitality 
and  virulence.  In  the  original  tumor,  it  is  true,  there  were  a  few  epithelial  areas,  so 
that  the  epithelium  only  overgrew  the  connective  tissue.  Such  changes  in  tumor 
types  have  not  been  noticed  in  man,  but  probably  would  occur  if  transplantation 
through  a  long  series  could  be  carried  out.  The  phenomenon  is  probably  of  the 
same  order  as  that  observed  in  man  when  a  carcinoma  or  sarcoma  develops  from 
normal  cells  in  an  otherwise  healthy  person  following  trauma  or  chronic  irritation.  As 
a  rule,  such  variations  in  the  general  morphology  of  the  tumor  and  in  the  histological 
characters  of  the  cells  are  more  frequently  noted  than  are  alterations  in  purely  biolog- 

ical quaUties,  if  the  experimental  transplantation  is  carried  out  in  a  constant  environ- 
ment ;  that  is,  by  inoculating  a  series  of  animals  originating  from  the  same  stock  and 

of  the  same  age,  weight,  etc.  This  power  of  histological  variability  appearing  while 
external  influences  are  excluded,  suggest  that  the  phenomenon  may  be  similar  in  its 
nature  to  those  variations  from  the  normal  which  have  given  the  cancer  cell  its 
peculiar  biological  qualities  of  independent  and  progressive  reproduction.  In  other 
words,  the  changes  observed  in  the  transplanted  tumors  of  animals  are  no  greater 
from  the  quantitative  point  of  view  than  the  changes  from  the  normal  to  the 
tumor  cell. 

It  has  been  found,  furthermore,  that  the  virulence,  marked  by  the  proportion  of 

'^  takes"  in  the  transplantations  may  be  greatly  enhanced  as  the  successive  implanta- 
tions succeed,  so  that  while  at  first  implants  of  the  original  spontaneous  mouse  tumor 

may  be  successful  in  a  ratio  of  not  more  than  two  or  three  in  a  hundred,  after  several 
generations  of  transfers,  success  is  obtained  in  over  90  per  cent,  or  even  100. 

The  factors  influencing  this  increase  in  virulence  are:  1.  The  selection  of  a  suitable 
locality  Jot  the  implantation,  usually  the  axilla.  2.  The  implantation  of  tumors 
which  have  grown  for  a  long  period,  rather  than  beginning  tumors.  3.  The  selection 
of  material  from  those  series  of  transplants  giving  the  highest  percentage  of  takes. 

4.  Preliminary  heating  of  the  tumor  to  45°  C.  which  in  some  cases  increases  the  viru- 
lence. 5.  Growing  the  tumor  in  a  particularly  suitable  variety  of  the  animal  species 

from  which  the  original  growth  was  obtained.' 
Artificial  Immunity  to  Tumors. — The  early  claim  that  by  the  adaptation  of 

animals  to  the  killed  cells  of  malignant  tumors  of  the  same  animal  introduced  beneath 
the  skin,  an  active  immunity  can  be  secured,  so  that  the  animals  thus  protected  give 
negative  results  in  attempts  to  implant  virulent  strains  of  tumor  cells,  has  not  been 
substantiated.  Neither  has  it  been  possible  to  obtain  an  immunity  by  the  injection 
of  serum  from  other  animals  of  the  same  species  having  a  natural  or  acquired  immu- 

nity against  a  similar  tumor.  Nor  has  it  been  possible  to  obtain  immunity  by  the 
inoculation  of  the  unaltered  juice  obtained  by  expressing  the  cancer  cells  at  high 
pressure  or  by  extracting  the  proteids  of  the  cells  by  various  solutions,  or  by  altering 
their  quality  by  chemical  or  physical  methods,  though  such  immunity  has  been  claimed. 
Many  similar  claims  are  vitiated  by  lack  of  care  in  obtaining  suitable  experimental 
conditions  as  to  a  pure  strain  of  animals,  size  of  dose  of  tumor  cells  used  to  test  the 
hypothetical  immunity,  etc.  Apparently  nothing  short  of  the  living  tumor  cell  is 
capable  of  producing  a  true  immunity.  Ehrlicli  has,  by  injecting  mice  with  living 
cells  of  slightly  virulent  strains  of  mouse  carcinoma,  produced  an  active  immunity,  and 
has  further  determined  that  this  immunity  is  not  strictly  specific  but  may  protect 
against  mouse  sarcoma  also. 

Regression  of  tumors  already  inoculated,  which  is  quite  a  different  phenomenon 

from  immunity,  may  be  obtained  by  a  number  of  procedures.   -Among  these  may  be 

'Jour.  Am.  Med.  Assn.,  1907,  xlviii.,  420. 
*  It  haa  been  repeatedly  observed  that  mice  and  rata  of  different  strains  or  from  different  parts 

of  a  country  show  marked  differences  in  susceptibility  to  inoculation  with  the  same  tumor  under  pre- 
cisely similar  conditions. 
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enumerated  (a)  preliminary  inoculation  of  the  animal  with  embryonic  tissue  of 
various  organs  or  the  blood  of  homologous  species;  (b)  treating  the  tumor  cells  before 
injection  with  serum  from  a  recovered  animal;  (c)  inoculating  the  animal  and  then 
re-inoculating  with  a  fresh  tumor  after  the  first  growth  has  started ;  (d)  transfusion  of 
large  quantities  of  blood  from  an  animal  which  has  recovered  from  inoculation  into 
an  animal  with  actively  growing  tumors. 

In  this  case  there  is  an  actual  immunization  produced  in  the  original  tumor  host 
by  transfusion  of  immune  blood;  but  a  similar  transfusion  into  a  suitable  animal  free 
of  tumors  at  the  time  the  transfusion  is  made  confers  no  immunity  to  subsequent 
inoculation.  Apparently  there  must  be  some  interaction  between  the  tumor  and  the 
body  fluids  by  which  the  regression  is  started,  and  then  an  immunization  of  the  animal 
results,  owing  to  the  live  tumor  cells  already  present  in  the  body.  The  interesting 
results  obtained  by  HodenpyP  in  causing  temporary  regression  of  tumors  by  injecting 
large  quantities  of  serum  from  a  case  of  active  carcinoma  are  to  be  placed  in  this 
category. 

It  would  be  premature  to  assume  that  because  inoculated  tumors  can  be  checked 
by  the  introduction  either  of  tumor  or  of  normal  tissue  cells,  a  similar  procedure 
would  be  successful  in  the  cases  of  spontaneous  cancer,  the  type  with  which  we  have 
to  deal  in  the  human  being.  Here  the  problem  is  quite  different.  Animals  in  whom 
immunity  has  been  induced  may  develop  spontaneous  and  rapidly  fatal  tumors. 

Again,  animals  in  whom  s':)ontaneous  tumors  have  developed  show  no  such  immunity 
as  may  be  developed  against  inoculated  growths,  in  fact  can  often  be  successfully 
inoculated  with  their  own  tumor,  a  condition  not  infrequently  observed  in  the  contact 
transplantation  seen  on  adjacent  mucous  surfaces.  In  man  also  instances  have  been 
noted  in  which  after  the  removal  of  a  small  tumor,  say  an  epithehoma  of  the  lip,  a 
virulent  carcinoma  of  some  organ  has  developed  later.  Such  examples  show  that  we 
still  are  far  from  being  able  to  produce  a  suflficiently  high  degree  of  immunity  to  check 
the  growth  of  spontaneous  tumors.  That  such  a  possibility  is  not  beyond  reach, 
however,  is  suggested  by  the  prolonged  period,  even  years,  of  quiescence  occasionally 
observed  in  metastases  after  removal  of  the  primary  growth,  and  in  the  rare  but 
undoubted  instances  of  a  spontaneous  cure. 

The  Method  of  Transplantation  of  Carcinoma  and  Sarcoma  in  Mice. 

The  method  adopted  by  Ehrlich  is  essentially  as  follows: 
The  mouse  in  which  a  spontaneous  tumor  is  found  is  beheaded  with  stout  shears, 

and  the  whole  body  is  placed  for  several  minutes  successively  in  strong  alcohol,  then 
in  a  1  :  1,000  and  afterward  in  a  1  :  2,000  sublimate  solution.  The  animal  is  then 
washed  in  alcohol,  stretched  on  a  sterile  board,  and  the  tumor  is  dissected  out  with 
sterile  instruments.  The  tumor  is  now  cut  into  as  small  fragments  as  practicable 
by  the  use  of  scissors  and  forceps.  These  fragments  are  put  in  a  sterile  mortar  and, 
without  the  addition  of  any  fluid,  rubbed  with  a  glass  rod  into  a  thick  pulp. 

The  implantation  is  made  with  glass  tubes  drawn  at  one  end  to  a  stout  capillary 
and  protected  from  the  mouth  above  with  a  cotton  plug.  Other  forms  of  cannula? 
may  be  used.  The  seat  of  implantation  is  the  axillary  fossa,  but  the  point  of  the  can- 

nula is  carried  beneath  the  skin  in  the  abdominal  region — at  a  place  which  has  been 
shorn  and  washed  with  alcohol — and  then  thrust  along  into  the  axilla,  where  a  small 
amount  of  pulp  is  deposited. 

The  entire  performance  should  t)e  carried  on  with  strict  asepsis.  The  operator 
must  be  prepared  to  find  that  with  the  best  technique  transplantations  of  spontaneous 
carcinomata  or  adeno-carcinomata  of  mice  will  give  a  large  proportion  of  failures. 
Thus  Ehrlich  found  that  in  attempts  to  transplant  ninety-four  spontaneous  tumors, 
he  was  successful  in  only  about  2.8  per  cent.  In  those  strains  of  tumors  which  were 
successfully  transplanted  successes  ranged  from  three  to  fifty  per  cent,  of  all  the 
animals  tried.  However,  it  will  be  found,  according  to  the  experience  of  Ehrlich  and 
others,  that  in  a  certain  number  of  tumors  the  transplantation  having  been  once 
achieved,  the  successes  in  later  transfers  may  become  proportionally  far  more  numer- 

^Hodcnpyl.     Medical  Record,  1910,  Ixxvii.,  359. 
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oua,  so  that  the  tumor  may  be  said  to  increase  in  virulence  by  its  adaptation  to  new 
successive  hosts. 

This  end  is  most  readily  attained  by  transplanting  the  entire  mass  of  the  spontane- 
ous tumor  in  small  portions  in  diflferent  animals,  and  selecting  for  further  transfer 

the  tumors  which  have  developed  earliest  in  the  diflferent  mice.  In  this  way  it  is 
possible  to  achieve  a  virulence  far  exceeding  that  of  any  spontaneous  malignant 
tumor  of  the  mouse. 

Classification  of  Tumors. 

It  is  not  possible  to-day  to  make  a  satisfactory  scientific  classification 
of  tumors;  but  the  fact  that  they  are  composed  of  structures  which 
resemble  the  various  morphological  types  of  tissue  founU  in  the  normal 
body  suggests  a  grouping  of  the  various  forms  which  may  be  regarded 
as  a  useful  and  suggestive  catalogue. 

It  should  be  remembered  that  the  usual  separation  of  the  normal 
tissues  into  groups  is  useful,  rather  because  it  facilitates  their  study  than 
because  it  expresses  absolute  and  fundamental  distinctions;  and  the 
same  may  be  said  of  all  the  classifications  of  tumors.  An  increase  of  our 
knowledge  concerning  their  structure  and  genesis  will  doubtless  lead  to 

a  more  accurate  grouping  of  tumors;  but  for  the  present  such  an  arrange- 
ment as  that  indicated  below  will  be  found  of  practical  value  for  the 

purposes  of  study.  ̂ 

CONNECTIVE-TISSUE  TYPE. 

Normal  Tissue.  Tumors. 
Fibrillar  connective  tissue.  Fibroma. 
Mucous  tissue.  Myxoma. 
Embryonal  connective  tissue.  Sarcoma. 
Endothelial  cells.  Endothelioma. 
Fat  tissue.  Lipoma. 
Cartilage.  Chondroma. 
Bone.  Osteoma. 

Neuroglia.*  Glioma. 

BfUSCLE-TISSUE  TYPE— BfYOMATA. 

Normal  Tissue.  Tumors. 
Smooth  muscle  tissue.  Leiomyoma. 
Striated  muscle  tissue.  Rhabdomyoma. 

*  The  attempt  has  often  been  made  ta  cla«i»ify  tumors  with  reference  to  the  developmental  history 
of  the  tissues  represented,  and  it  has  been  generally  believed  that  cells  once  diflferentiated  in  the  primary 
embryonic  layers  cannot  again  be  merged  in  type.  While  this  principle  holds  good  in  general,  espe- 

cially for  highly  differentiated  forms,  certain  recent  studies  have  seemed  to  indicate  that  even  this  dis- 
tinction may  not  be  inflexible.  However  this  may  be,  it  is  certain  that  the  cells  derived  from  one 

embryonic  layer  may  under  special  conditions  come  so  cloaely  to  resemble  in  morphology  those  of 
another  layer  that  a  structural  differentiation,  with  our  present  resources  at  least,  is  not  always  possible. 
While,  therefore,  this,  which  is  called  the  hislogenetic  principle  of  classification,  is  most  suggestive 
and  may  be  useful  in  connection  with  other  data  in  the  study  of  tumors,  it  seems  to  the  writer  that  it 
is  wiser  for  the  present  not  to  base  our  classification  too  largely  upon  embryological  data  in  several 
particulars  still  subject  to  controversy. 

Consult  in  this  connection  the  rdsumS  of  Marchand  on  "The  Relationship  between  Pathological 
Anatomy  and  Embrj'ology,"  V'erh.  d.  deutschen  path.  Gesellschaft,-Bd.  ii.,  p.  38,  1900. 

See  also  the  admirable  address  by  Minot  on  "The  Embryological  Basb  of  Pathology,"  Science, 
March  29th,  1901.  In  this  paper,  p.  487,  the  tissues  are  classified  in  accordance  with  tJicir  genetic 
relationships. 

-  The  neuroglia,  as  well  as  the  tumors  derived  from  it,  presents  marked  peculiarities  in  structure. 
While  the  neuroglia  is  closely  related  in  genesis  to  the  nervous  system,  being  of  ectodermal  origin,  its 
structural  and  functional  alliance  with  the  connective  tissues  of  the  mesoderm  seems  to  the  writers  to 

ju-itify  for  the  prc3?nt  purpose  its  grouping  among  the  latter.     See  ref.  to  Mallory,  foot-note,  p  388. 
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NERVE-TISSUE  TYPE— NEUROMATA. 

VASCULAR-TISSUE  TYPE— ANGIOMATA. 

Normal  Tissue.  Tumors. 

Blood-vessels.  Angioma. 
Lymph-vessels.  Lymph-angioma. 

EPITHELIAL-TISSUE  TYPE. 

Normal  Tissue.  Tumors. 
Glands.  Adenoma. 
Various  forms  of  epithelial  cells  Carcinoma, 

and  associated  tissues. 

Tumors  Formed  by  Various  Combinations  of  Tissue  Types.— Mixed  T]rpes. 
In  a  considerable  proportion  of  tumors  more  than  one  type  of  tissue 

is  present,  and  it  is  customary  to  indicate  this  by  compound  names,  such 
as  osteosarcoma  J  adeno-carcinoma,  etc.  Discrimination  is  necessary  in 
the  use  of  such  names,  however,  and  one  should  be  clear  as  to  what  he 
wishes  to  express  in  this  way.  All  tumors  have  a  certain  amount  of 
fibrous  stroma  which  carries  the  blood-vessels  and  forms  a  sustaining 
framework.  In  the  early  stages  of  tumor  growth  this  matrix  may  be  the 
tissue  in  which  the  tumor  starts,  which  is  either  not  increased  in  amount 
or  is  hyperplastic.  Thus  in  carcinoma  of  the  stomach,  the  stroma  may 
be  fibrous  in  the  mucosa  or  composed  of  smooth  muscle  if  the  stomach 
wall  be  involved;  but  such  growths  would  not  be  called  either  fibro- 

carcinoma or  myo-carcinoma.  It  is  only  when  the  new  tissue  assumes 
the  characters  of  an  independent  growth  that  it  can  be  justly  indicated 
in  the  compound  name.  This  may  not  be  easy  or  always  possible  to 
determine,  but  the  desirability  of  doing  so  should  be  held  constantly  in 
mind.  Unfortunately  the  compound  name  is  by  some  writers  used  to 
indicate  simply  the  seat  of  a  tumor  growth;  in  this  sense  osteo-sarcoma 
means  simply  sarcoma  of  the  bone  and  not  an  association  of  osteoma 
and  sarcoma. 

It  should  also  be  remembered  in  this  connection  that  a  tumor  of 

mixed  types  does  not  always,  perhaps  not  often,  start  as  such,  but  may 
assume  this  character  by  metaplasia  (see  p.  62)  within  the  limits  of  a 
tissue  group.  Thus  the  establishment  in  fibroma  of  bone  or  cartilage 
growth  and  the  assumption  by  the  adenomata  of  the  carcinomatous 
type  are  common.  Furthermore,  although  these  mixed  forms  of  tumors 
may  arise  secondarily  by  metaplasia,  the  more  or  less  distinct  forms  of 
tissue  may  finally  become  so  independent  of  one  another  that  some  of 
the  metastases  from  such  a  mixed  tumor  may  show  only  one  tissue  type. 
The  possibilities  in  tissue  metaplasia  should  be  taken  into  the  account 
before  assuming,  as  is  tod  often  done,  that  the  multiplicity  of  related 
tissue  forms  in  a  tumor  point  toward  embryonal  origin. 

Complex  Congenital  Growths — Teratoma. 

These  are  tumors  which  frequently  contain  a  great  number  of  diflfer- 
ent  forms  of  tissue,  such  as  various  forms  of  fibrillar  connective  tissue, 
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cartilage,  bone,  teeth,  hair,  skin,  muscle,  and  glands.  They  are  formed 

in  the  ovary,  testicle,  mediastinum,  brain,  in  the  sacral  region,^  about 
the  neck,  in  the  retroperitoneal  tissue,  etc.  They  arise  by  an  inclusion 
of  portions  of  another  foetus,  and  are  thus  rather  malformations  than 
tumors  in  the  limited  technical  sense.  But  they  may  give  rise  to  tumors, 
some  of  them  malignant:  such  are  chorion-epitheliomata  and  sarcomata. 
Among  these  are  sometimes  classed  other  and  simpler  congenital  anom- 

alies, such  as  dermoid  cysts,  congenital  angiomata,  and  the  so-called 

pigmented  naevi  or  moles. ^ 

Special  Tumor  Types. 

There  are  types  of  tumors  which  are  not  readily  brought  into  the 
usual  general  classifications,  since  they  are  formed  of  special  kinds  of 
tissue.  These  have  received  distinctive  names.  Thus  there  are  peculiar 
tumors  formed  of  placental  tissue  called  chorion-epithelioma  or  deciduoma; 
of  tissue  resembling  the  adrenals,  hypernephroma ^  etc. 

Lubarsch's  Grouping  of  Tumors  for  Practical  Purposes. 

Lubarsch  has  suggested  the  following  grouping  of  tumors  for  practical  purposes, 
without  special  reference  either  to  their  histogenetic  or  histological  characters: 

1.  Tumors  which,  although  differing  from  the  tissues  in  which  they  originate  in 
the  arrangement  of  their  elements,  usually  increase  in  size  but  slightly  or  temporarily. 

In  this  group  are  the  teratoid  growths  and  those  originating  in  embryonic  displace- 
ments, such  as  congenital  naevi,  certain  gland-like  tumors,  myoma,  fibroma,  lipoma, 

chondroma,  and  osteoma.     Such  tumors  are  usually  of  little  practical  importance. 
2.  Tumors  which,  although  conforming  in  general  to  the  normal  tissue  type  in 

growth  and  structure,  still  reveal  a  considerable  independence  of  their  surroundings; 
such  are  larger  myomata,  adenomata,  angiomata,  lipomata,  which  may  grow  slowly 
and  with  interruptions,  and  may  when  growth  ceases  through  degenerative  processes 
or  necrosis  undergo  retrogression  or  even  disappear  altogether. 

3.  Tumors  which  seem  to  be  largely  emancipated  from  the  usual  physiological 
control  of  normal  tissues,  both  in  the  rapidity  and  extent  of  growth  and  in  the  fixity 
of  the  cell  type  in  form  and  function.  In  this  class  are  the  tumors  which  are  destruc- 

tive and  invasive  in  their  growth,  especially  the  sarcomata  and  carcinoma ta. 
These  three  classes  may  in  reality  be  considered  to  represent  only  stages  in  the 

growth  of  tumors  in  general;  since  the  more  destructive  forms  may  in  early  stages 
conform  to  the  characters  of  the  other  groups,  while,  on  the  other  hand,  tumors  of  the 
less  aggressive  types  may  assume  the  autonomy  and  significance  of  the  malignant 
forms.  These  classes  of  tumors  are  not  of  course  distinct,  and  many  intermediate 

types  may  occur,  but  this  grouping  seems  to  the  writer  fairly  to  indicate  a  real  differ- 
ence in  character  and  significance  in  tumors  as  a  whole  which  it  is  of  practical  ad- 

vantage to  recognize,  and  which  is  often  lost  sight  of  in  the  more  technical  classi- 
fications. 

Cysts. 
These  structures,  for  the  sake  of  convenience,  are  often  classed  among 

the  tumors,  although  in  general  characters,  structure,  and  genesis  they 
are  usually  of  entirely  different  nature. 

1  For  a  critical  summary,  with  bibliography,  of  tumors  of  the  sacral  region  see  Borst,  Centralbl. 
f.  Path.,  Bd.  ix.,  p.  449,  1898. 

2  For  the  relationship  of  teratoma  to  other  malformations  see  p.  334. 
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They  may  be  divided  into  two  classes: 

I.  Cysts  which  develop  from  pre-existing  cavities. 
II.  Cysts  which  originate  independently  as  the  result  of  pathological 

changes. 

I.     CYSTS  WHICH  DEVELOP  FROM  PRE-EXISTING  CAVITIES. 

1.  Retention  Cysts. — These  are  chiefly  formed  by  the  accumulation 
in  glands  or  their  secretory  ducts  of  the  more  or  less  altered  secretion  of 

the  gland.  They  usually  occur  as  the  result  of  a  hinderance  to  the  nor- 
mal discharge,  as  from  inflammatory  contractions,  pressure,  etc.  The 

contents  of  such  cysts  are  usually  mucous,  sebaceous,  serous,  or  of  a 
mixed  character.  Their  walls  are  the  more  or  less  altered  walls  of  the 

original  structure.  To  this  class  belong  comedones,  milium,  atheroma, 
chalazion,  ranula,  the  ovula  Nabothi,  milk  cysts,  and  certain  serous 

cysts  of  the  ovaries,  Fallopian  tubes,  gall-ducts,  and  uriniferous  tubules. 
2.  Transudation  Cysts. — These  arise  usually,  though  not  always,  as 

the  result  of  a  chronic  inflammatory  process  in  lymph-spaces  or  serous 
sacs,  and  among  them  are  to  be  classed  the  so-called  ganglia,  hydrocele, 
etc.  Certain  of  the  so-called  haematoceles,  in  which  blood  is  extrava- 
sated  into  closed  cavities,  form  a  variety  of  the  cysts  of  this  group. 

n.     CYSTS  WHICH  ORIGINATE  INDEPENDENTLY  AS  THE  RESULT  OF  PATH- 
OLOGICAL CHANGES. 

1.  Cysts  Formed  by  the  Softening  and  Disintegration  of  Tissue. — Such 
cysts  may  at  first  be  small  and  have  very  meagre  contents  and  no  well- 
defined  wall.  A  wall  may  finally  be  present  either  as  an  entirely  new- 
formed  structure,  or  the  more  or  less  modified  capsule  of  the  organ  in 
which  they  occur  may  partly  or  entirely  form  the  wall.  The  contents  of 
such  cysts  are  usually  the  more  or  less  altered  detritus  of  the  tissue  by 
whose  disintegration  they  are  formed.  Such  cysts  are  very  apt  to  occur 
within  true  tumors,  particularly  those  which  are  succulent  and  of  rapid 
growth,  since  these,  as  above  stated,  are  very  liable  to  degeneration.  Old 

abscesses  may  change  into  well-defined  cysts  of  this  kind. 
2.  Cysts  Formed  around  Foreign  Bodies. — The  inflammatory  reaction 

induced  by  the  presence  of  foreign  bodies  of  various  kinds,  parasites, 
masses  of  extravasated  blood,  etc.,  frequently  results  in  the  formation  of 
well-defined  encapsulated  cysts. 

3.  Cysts  Formed  by  a  New  Growth  of  Tissues  in  Whose  Spaces  Various 

Kinds  of  Fluid  Accumulate. — These  spaces  may  or  may  not  be  lined  with 
epithelium  and  have  something  of  the  glandular  character.  Such  forms 

are  exemplified  in  some  of  the  compound  ovarian  cysts — the  so-called 
ovarian  cystomata;  but  these  are  really  adenomata. 

4.  Congenital  Cysts. — These  are  of  various  forms,  and  their  mode  of 
origin  is  in  most  cases  but  imperfectly  understood.  Some  of  them  are 

properly  grouped  among  the  teratomata.  The  so-called  dermoid  cysts 
of  the  subcutaneous  tissue  (Fig.  195)  and  ovary  are  marked  examples 
of  this  class.     The  dermoid  cysts  of  the  skin  are  probably  all  formed 
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from  an  embryonal  displacement  of  the  epidermal  structures.  The 
simpleat  forms,  called  epidermoid  cysts,  are  lined  with  epithelium  of  the 
squamous  type  and  largely  filled  with  a  mass  of  flat  desquamated  cells. 
In  the  more  complicated  forms,  hair  follicles,  and  sebaceous  and  sweat 
glands  are  present  in  the  lining  epidermal  membrane.  Certain  congenital 
cysts  of  the  kidney  and  other  internal  organs  are  conveniently  grouped 
here,  although  it  is  probable  that  some  of  them  at  least  originate  during 

in  above  the  eyebroi 

ftetal  life  in  one  or  the  other  of  the  above-described  ways,  and  hence  are 
not  essentially  different  in  nature  from  some  of  the  cysts  of  other  classes. 

For  the  mode  of  formation  of  certain  cysts  of  the  neck  see  page  647.' 
For  cysts  of  the  viscera  see  Special  Pathology. 

Various  Lesions  Sometimes  Described  as  Tumors. 

There  are  certain  enlargementa  of  the  lymph-nodes  which  are  in  reality  hyper- 
plasias, sometime.-'  Inflammatory  in  character  and  sometimes  not,  and  which  are  often 

grouped  among  the  tumors  as  lytnphomata.  They  are  not  true  tumors,  and  will  be 
considered  under  the  lesions  of  the  lymph-nodes.  In  the  same  group  are  often  clasiied 
the  enlargements  of  the  lymph-nodes  in  leukffimia  and  in  other  general  diseases,  which 
are  considered  in  another  part  of  this  book. 

.Another  group  of  tumor.i  sometimes  called  lymphomata  are  in  reality  sarcomata, 
and  these  will  he  described  under  the  latter  heading. 

There  is  also  a  group  of  nodular  new  formations,  the  so-called  "  infeclive  granulo- 
maln."  which  in  earlier  days  were  classed  among  the  tumors.  These  are  found  In 
tuberculosis,  lupus,  leprosy,  syphilis,  glanders,  actinomycosis,  and  probably  include 
the  nodes  of  Hodgkin's  disease.  They  are,  however,  inflammatory  new  formations,  and 
as  our  knowledge  regarding  them  has  increased,  many  of  them  have  proven  to  be 
incited  by  plant  parasites  (see  section  devoted  to  Infectious  Diseases). 

vii..  p.  9K,  1890:  niao  Zahn.  Virrh.  Arch.,  Bd.  cxliii.,  p.  170,  IHUfl,     For  In'pr  imiprni  bibliogniphy  of 
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In  general,  tumors,  like  all  tissues  for  microscopical  study,  should  be  cut  into 
small  pieces  before  immersing  them  in  the  preservative  fluids,  and  the  sooner  they 
can  be  placed  in  these  after  removal  the  better  will  be  the  preservation.  For  study  of 
the  hner  details  with  Zenker  or  other  special  fixatives  the  material  must  be  preserved 
within  an  hour  aft«r  removal  at  operation.  In  some  cases  much  may  be  learned  from 
large  sections  of  tumors  together  with  their  surrounding  tissues.  In  this  cose  the 
suitable  portion  of  the  tumor  must  be  preserved  whole,  and  is  best  fixed  in  5-)>er'Cent. 
formaldehyde  followed  by  alcohol. 

It  is  often  important  in  the  study  of  tumors  to  examine  not  only  the  fully  devel- 
oped or  mature  tumor  structures,  but  also  those  portions  In  which  the  new  growth  is 

forming  and  in  which  it  is  encroaching  on  adjacent  parts. 
So  that  in  selecting  portions  of  tumors  for  preservation  and  study,  it  is  not  wise  to 

snip  off  a  small  piece  at  random,  but  a  careful  selection  should  be  made,  liberal  por- 
tions being  saved  from  the  centre,  from  the  periphery,  and  from  such  surrounding 

tissues  as  are  available.  For  the  ordinary  routine  hardening  of  tumors,  Orlh's  or 
Zenker's  fluid  followed  by  alcohol  may  be  recommended. 

Special  Fonns  of  Tumors. 

FIBROBIA. 

The  fibromata  are  compo.scd  of  fibrillar  conncctivo  tissue,  which,  as 
in  the  physiological  type,  is  sometimes  dense  and  firm,  Fibroma  durum, 

and  sometimes  loose  in  texture  and  soft,  Fibroma  molle.     They  are  usu- 
ally sharply  circumscribed  and  are  frequently  encapsulated,  but  they 

may  be  diffuse  and  merge  imperceptibly  into  the  surrounding  tissue. 
They  are  frequently  small  and  insignificant,  but  occasionally  grow  to  an 

enormous  size.    Some  fibromata  consist  almost 

entirely  of  intercellular  substance,  containing 

but  few  flattened  or  spindle-shaped  cells  (Fig. 
l'J7);    others    contain    very   many  variously 
shaped  cells  (Fig.   198).     The  cells  are  often 
more  abundant  in  one  part  of  the  tumor  than 
in  another.     The  denser  varieties  usually  con- 

tain but  few  blood-vessels,  although  they  are 
occasionally   quite   vascular.      Many   of   the 
softer    varieties   are  very    vascular.     Nerves 

or  ABDai!KAT°WA?L-Fl'"oM;     are    occasionally  present.'      The  course  and 
VvRvu.  arrangement    of   the   fibres   in   these  tumors 

tiv^i^ue'sbm^^c^'t'le^^      I''*'  "sually  Irrogular;    they  often   cross  and othere  are  cut  lemrthwinp.  interlace  in  a  most  complex  manner.      The 

fibromata  are  usually  of  slow  growth,  but  ex- 
ceptionally they  grow  rapidly.  They  are  benign  tumors,  but  by  pressure 

on  important  organ.s,  by  ulceration,  or  by  changing  into  other  varieties 
of  tissue  they  may  become  of  serious  import.  Pure  fibromata  do  not 
form  metastases,  but  they  arc  often  multiple,  and  when  so  are  frequently 

congenital.     They  may  recur  when  not  fully  removed. 
It  seems  probable  that  in  the  multiple  fibromata  of  the  skin  (Fibroma 

butiona."  1903.  p.  495.     Fnr  fibniglb  fibrils  se*  MallBrg,  Jour.  Med.  Res.,  vol,  xiU.,  p.  1 1:(,  IMS. 



moUuscum)  the  new  growths  occur  in  some  special  form  of  connective 
tissue,  as  that  of  the  nerves,  blood-vessels,  or  glands.     Some  of  them  are 

h'-^rS'-'  ''A 

congenital.     There  is  often  a  growth  of  very  cellular  tissue  just  beneath 
the  epithelium.     Such  tumors  resembJe  sarcoma.' 

While   the  fibromata  are  commonly  nodular  in   form,  when  they 

'  See  GihhHst,  Johns  Hopkins  Hosp.  Rep.,  vol.  [..  p.  .149.  tSB6. 
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develop  on  the  skin  or  mucous  membranes  they  frequently  form  papillary 
outgrowths  covered  more  or  less  thickly  with  epithelium,  and  are  then 
called  papillomata  (Fig.  199).  Common  warts  of  the  skin  are  papillomata 
with  excessive  production  of  surface  epithelium.  To  the  papillomata 

also  belong  some  of  the  so-called  condylomata. 
The  so-called  ckcloid,  composed  of  very  dense  fibrous  tissue  with  few 

cells,  often  develops  rapidly  in  old  cicatrices,  or  elsewhere,  in  the  skin, 
forming  flat  or  slightly  lobulated  tumors.  It  is  not  in  all  cases  clear 
whether  cheloids  should  be  regarded  as  tumors  or  as  inflammatory  new 
formations. 

Fibromata  are  frequently  combined  with  other  kinds  of  tissue  to  form 
complex  tumors.     The  looser,  softer  varieties  not  infrequently  become 

cedomatous,  when  they  may  closely  resemble  myxoniata  (Fig.  198). 
Fibromata  are  liable  to  calcification  and  to  fatty  and  mucous  degenera- 

tion. By  metaplawia  they  may  partially  change  to  form  fibro-chondroma, 
fibro-lipoma,  fibro-sarcoma,  or  fibro-osteoma.  The  latter  transforma- 

tion frequently  occui-s  when  they  form  in  the  periosteum. 
Developing,  as  they  do,  in  the  connective  tissue,  fibromata  occur  in 

the  various  parts  of  the  body:  in  the  skin  and  subcutaneous  tissue;  in 

intermuscular  ti.-wue  and  fascire;  in  periosteum;  in  the  nerve  sheaths  and 
infrafascicular  connective  tissue;  in  the  dura  mater;  the  interstitial  tissue 

of  organs;  and  in  the  mucous  membranes.  Some  of  the  so-called  polypi 
of  the  mucous  membranes  (see  Fig.  200)  and  some  psammomata  are 

forms  of  fibroma;  the  former  are  often  soft  and  a-dcmatous.     A  type  of 
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hard  encapsulated  fibroma  occurring  in  the  abdominal  wall  has  received 
the  clinical  name  of  desmoid. 

Occasionally,  in  the  ducts  of  glands,  fibrous  polypi  grow  to  an  enor- 
mous extent,  their  epithelial  covering  keeping  pace  in  growth  with  their 

development,  until  they  form  very  large,  irregular,  loose-textured  tumors, 
which  often  finally  ulcerate.  Such  forms  are  seen  in  the  mammary 
gland,  where  they  are  sometimes  mistaken  for  carcinomata.  They  are 
called  iniracanalicidar  fibromata^  or  perhaps  more  correctly  fibro-adeno- 
mata  (see  Fig.  587,  p.  847). 

It  is  often  very  difficult  to  distinguish  between  genuine  fibromata  and 

inflammatory  or  other  connective-tissue  hyperplasias,  such  as  elephan- 
tiasis; and  perhaps  the  fuller  knowledge  of  the  future  will  show  that  the 

distinctions  are  not  as  definite  as  our  classifications  indicate. 

IfYXOMA. 

Mucous  tissue  is  essentially  an  embryonic  tissue,  for  in  the  normal 
adult  it  is  present  only  in  a  very  imperfect  and  atypical  form  in  the 
vitreous  of  the  eye,  and  perhaps  exceptionally  in  small  amount  about 
the  heart,  kidneys,  and  medulla  of  bone. 
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Fio.  201. — Mtxoua  of  the  Larynx. 

Showing  the  diffuse  staining  of  the  mucin-containing  stroma  with  bspmatoxylin. 

The  myxomata  are  thus  essentially  embryonic-tissue  tumors.  These 
tumors  consist,  in  their  most  typical  forms,  of  a  homogeneous  or  finely 
fibrillated,  soft,  gelatinous  basement  substance,  in  which  are  embedded 

a  variable  number  of  spheroidal,  fusiform,  branching,  and  often  anas- 
tomosing cells  (Fig.  201).  They  may  contain  few  or  many  blood-vessels 

and  sometimes  nerves.  By  the  addition  of  acetic  acid,  mucin  may  be 
precipitated  from  the  basement  substance.  In  sections  it  is  usually 
stained  with  hjematoxylin.  The  very  soft  forms  which  contain  compara- 

tively few  cells  and  much  translucent  basement  substance  are  called 

Myxoma  gelatinosum  or  M.  molle.     The  presence  of  many 'cells  renders 
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them  more  consistent  and  gives  them  a  whiter  and  more  opaque  appear- 
ance; such  forms  are  called  M.  medullare. 

Pure  myoxomata  are  very  rare.  The  myxomata  are  very  apt  to  be 
combined  with  fibrillar  connective  tissue  as  fihro-myxoma;  or  with  fat 
tissue,  lipo-myxoma;  or  take  part  in  the  formation  of  very  complex 
tumors.  Most  of  the  tumors  regarded  as  myxomata  are  really  of  a 
sarcomatous  nature,  but  such  structure  may  ordy  be  evident  in  small 
areas  of  the  tumor  and  therefore  is  frequently  overlooked.  The  myxo- 

mata may  be  diffuse  or  encapsulated  with  fibrillar  connective  tissue;  they 
are  frequently  very  large,  and  may  be  multiple.  Owing  to  the  character 
of  the  basement  substance,  the  blood-vessels  not  infrequently  rupture, 
giving  rise  to  larger  or  smaller  haemorrhages  within  the  tumor,  or  to  the 
formation  of  cysts.     The  cells  are  liable  to  undergo  fatty  degeneration. 

In  the  fibrous  tissue  of  many  tumors,  in  chronic  inflammation  of  the  mucous  mem- 
branes, variously  shaped  small  cells  occur  whose  bodies  contain  few  or  many  well- 

defined  basophile  granules  which  are  not  infrequently  mistaken  for  cocci.  Such  cells, 

called  "clasmatocytes,"  occur  in  various  parts  of  the  normal  body  and  resemble  in 
some  aspects  the  "  mast"  or  basophile  cells  of  the  circulating  blood  but  they  are  prob- 

ably not  identical.  The  nature  of  the  granules  has  not  been  definitely  determined. 
Eosinophile  and  plasma  cells  are  also  very  frequent  in  the  mucous  tissue  of  nasal 

polypi. 

Composed,  as  they  are,  of  a  type  of  tissue  from  which  fat  tissue  is 
developed  in  the  embryo,  the  relations  of  myxomata  to  fat  tissue  are 
very  intimate.  They  are  most  frequently  developed  in,  and  probably 
directly  from,  fat  tissue.  They  are  also  found  in  the  subcutaneous,  sub- 

mucous, and  subserous  tissue,  in  the  marrow  and  periosteum;  in  the 
brain  and  cord;  in  the  sheaths  and  intrafascicular  tissue  of  peripheral 
nerves;  in  intermuscular  septa;  and  in  the  interstitial  tissue  of  glands, 
such  as  the  mamma  and  parotid. 

The  pure  myxomata  are  in  general  benign;  yet  they  are  very  prone, 
especially  the  lipomatous  forms,  to  local  recurrence.  They  sometimes 
grow  very  rapidly,  and  sometimes,  though  very  rarely,  form  metastases. 
In  the  very  frequent  combination  with  sarcoma  they  may  exhibit  the 
most  marked  malignancy.  Some  of  the  polypi  of  mucous  membranes 
are  apparently  myxomata  or  fibro-myxomata.  On  the  other  hand,  many 
of  the  so-called  mucous  polyps,  those  of  the  nose  for  example,  are  simply 
(Edematous  hyperplasiae  of  the  mucosa.^ 

(Edematous,  loose,  and  cellular  forms  of  fibrillar  connective  tissue 
so  closely  resemble  some  of  the  forms  of  mucous  tissue  that  certain 
observers  consider  them  identical.  So  prone  are  many  tumors  to 
undergo  mucous  degeneration,  and  so  frequent  are  the  combinations  of 
the  myxomata  with  other  forms  of  tumors,  that  it  is  often  difficult,  some- 

times impossible,  to  say  whether  the  mucous  tissue  in  a  given  composite 
tumor  is  primary  or  secondary. 

SARCOBfA. 

These  tumors  are  formed  on  the  type  of  connective  tissue,  but  they 
are,  as  a  rule,  largely  composed  of  cells  with  well  developed  cytoplasm; 

^  Sec  reference  to  Wright,  p.  580. 
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the  basement  subHtam-c,  though  a  constant  and  important  factor,  being 
much  less  conspicuous  than  in  adult  connective  tissue.  They  more 
closely  resemble,  in  general,  the  developing  connective  tissue  of  the 
embryo  or  the  granulation  tissue  of  inflammation. 

The  cells  of  the  sarcomata  are  most  varied  in  size  and  shape.  They 
may  be  flat,  fusiform,  spheroidal,  or  branched,  and  even  cuboidal  or 
cylindrical;  they  may  be  multinudear  and  very  large,  or  they  may  be 
very  small  and  spheroidal,  resembling  leucocytes.  The  fibrillar  base- 

ment substance  may  be  present  in  such  small  quantity  as  entirely  to 
escape  a  superficial  observation,  covered  as  it  may  be  by  the  abundant 

cells;  or  it  may  be  so  abundant  a«  to  give  the  tumor  the  general  appear- 
ance of  a  fibroma.     It  may  be  intimately  intermingled  with  the  cells  in 

Kia.    2IU.— LAIttlE    .SP1NDU1-CEI.I.ED    Sarcuha. 

fascicles,  or  it  may  be  in  large  open-meshed  networks,  giving  to  the 
tumor  an  alveolar  appearance.  The  cells,  however,  always  stand  in  an 

•  intimate  relationship  to  the  basement  suljstance,  which  they  sometimes 
reveal  by  fibrillar  processes  continuous  with  it.  Blood-vessels  also  form 
a  con.stant  and  important  structural  element  in  these  tumors,  being  in 

some  of  them  so  predominating  a  factor  that  they  give  structural  out- 
line and  general  character  to  the  growth.  They,  too,  as  in  the  normal 

connective  tissue,  are  intimately  associated  with  the  basement  substance 
and  with  the  tumor  cells. 

Sarcomata  are  most  frequently  found  in  the  skin,  subcutaneous 
tissue,  fasciie,  sub.serous  connective  tissue,  the  marrow  or  periosteum, 
and  in  the  choroid.  They  may  also  occur;  though  more  rarely,  in  the 

dura  mater;  brain  and  cord;  lymph-nodes;  in  the  adventitia  of  blood- 
vessels, and  in  nerve  sheaths;  in  submucous  tissue;  in  the  uterus  and 
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ovary,  and  in  the  kidney.  In  the  liver,  pancreas,  lungs,  and  heart  they 
may  occur,  but  usually  by  metastasis. 

They  are  most  common  early  in  life.  The  cellular  character,  the 
rapid  growth,  the  vascularity  and  succulence  of  many  forms,  the  marked 
tendency  to  local  recurrence,  and  the  formation  of  metastases,  stamp  the 
sarcomata  as  malignant  tumors.  But  in  this  they  vary  greatly;  while 
some  of  the  forms  belong  in  every  sense  to  the  most  malignant  of  tumors, 

others  grow  slowly,  are  very  dense,  and  may  remain  localized  and  harm- 
less for  years.  Their  tendencies  in  this  respect  will  be  mentioned  under 

the  special  forms. 
Intimately  related  as  they  are  to  the  blood-vessels,  metastasis  is  more 

apt  to  occur  through  the  blood  than  through  the  lymph  channels,  and 

consequently  adjacent  lymph-nodes  are  much  less  apt  to  be  involved 
than  in  some  other  forms  of  tumor,  notably  the  carcinomata.  The 
richly  cellular  and  vascular  forms  of  sarcoma  are  especially  prone  to 
hsemorrhagcs,  degeneration,  and  ulceration. 

A  single  form  of  colls  is  often  so  predominant  as  to  furnish  a  suit- 
able qualifying  name  for  the  tumor,  but  in  many  cases  the  cell  form 

varies  greatly  in  the  same  growth.  It  may  be  said,  in  general,  that  there 
is  a  tendency  to  reproduce  in  these  tumors  some  of  the  special  charac- 

teristics of  the  tissues  in  which  they  originate.  Thus,  sarcomata  of  the 
bones  are  apt  to  be  osteo-sarconiata;  those  of  pigmented  ti.ssue,  like  the 
choroid,  are  apt  to  be  pigmented  sarcomata.  It  will  be  more  convenient 
for  our  present  purpose  to  describe  briefly  the  more  common  forms  one 
after  another  than  to  attempt  any  systematic  classification  of  them. 
It  should  be  remembered,  however,  that  the  various  forms  are  not 

sharply  defined,  but  are  apt  to  merge  into  one  another  and  to  inter- 
mingle in  various  ways. 

Spindle-celled  Sarcoma. — The  cells  in  these  tumors  may  be  large — 
large  spindle-celled  S.  (Figs.  202  and  20U);  or  they  may  be  small— snio/f 
Kpindle-celled  S.  (Kig.  204).  They  may  consist  largely  of  cells,  or  may 
contain  so  much  intercellular  fibrous  tissue  as  to  be  appropriately  called 
Abro-narcoma.  The  cells  are  frequently  arranged  in  fascicles,  which 
surround  the  blood-vessels,  and  these  fascicles  may  cross  and  interlace, 



while  great  variations  may  also  occur  in  the  relative  proportions 
between  cells  and  intercellular  tissue  in  different  parts  of  the  same  tumor. 
The  spin  die -celled  sarcomata,  especially  the  sniall-cellod  forms,  are,  as  a 
rule,  denser  and  firmer  and  less  malignant  than  other  forms  of  sarcoma, 
but  to  this  there  are  many  exceptions.  They  may  be  encapsulated  or 
infiltrating.     To  this  class  belong  the  growths  formerly  described   as 

fibro-plastic  tumors  and  recurrent  fibroids.  They  mo.-^t  frequently  occur 
in  the  periosteum,  subcutaneous  tissue,  and  muscle;  but  are  also  seen 
in  the  uterus,  and  in  various  glands,  notably  in  the  mamma,  testicle, 
thyroid,  etc.     These  forms  are  among  the  most  frequent  of  the  sarcomata. 

Round-celled  Sarcoma. — Of  these  there  are  two  classes — 1,  small 
roHud-celled  aurcomala  and,  2,  large  round-celled  sarcomata. 

1.  The  small  round-celled  sarcomata  consist  of  cells  of  about  the  size 

and  appearance  of  mononuclear  leucocytes  (Fig.  '205),  and  may  have 

1.  20fl.— Laroe  Roi 

much  or  little  intercellular  substance,  which  may  be  irregularly  dis- 
posed or  arranged  in  large  meshes  resembling  alveoli.  .  In  many  cases, 

80  small  is  the  quantity  of  intercellular  substance  that  it  is  difficult  of 
detection  without  special  moiles  of  preparation.  These  tumors  often 
contain  many  blood-vessels,  and  may  be  very  soft  and  succulent.  Their 
growth  is  sometimes  rapid  and  they  are  often  very  malignant. 

24 
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They  most  frequently  occur  in  the  connective  tissue  of  the  muscles 

and  fascise,  in  bone,  and  in  lymph-nodes  (lymphosarcoma  or  lympho- 
cyiiima  [Ribbert].'  They  also  occur  in  the  internal  organs,  not  iofre- 
quently  in  the  brain  and  retina,  associated  with  cells  of  the  giia  type. 
Whether  all  the  small  roun<l  cells  are  glia  cells  or  whether  there  is  a 

mixture  of  cells  is  not  yet  fully  determined.     Huch  tumors  are  generally 
designated  glio-sarcoma  (see  p.  388) . 

2.  In  the  large  round-celled  sarcomata  (Fig.  206)  the  cells  vary  in 
size,  but  are  usually  very  much  larger  than  in  the  last  variety.  Their 
nuclei  are  usually  large  and  contain  prominent  nucleoli.     They,  too,  are 

often  very  vascular,  and  contain  a  variable  quantity  of  basement  sub- 
stunc'O.  Thry  are  occasionally  alveolar  in  character.  They  are,  as  a 
rule,  les.s  soft  and  malignant  than  the  small-celled  varieties. 

Helano-sarcoma. — These  tumors    consist  most  frequently  of  poly- 
hedral cells  of  various  sizes.     They  arc  characterized  by  the  presence  in 

1  For  a  sl.idy  of  so-culle.1  infpctioufl  lympho.aurM.nifl  of  dogs  see  Beebe  and  Eiring.  Jour,  Mpd.  R«.. 
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the  cells,  and  leas  frequently  in  the  intercellular  substance,  of  larger  and 
smaller  particles  of  brown  or  black  pigment  (Fig.  207),  The  pigment 
ia  usually  quite  irregularly  distributed  in  patches  or  streaks.  They  arise 
most  frequently  in  the  skin  (Fig.  208)  and  in  the  choroid.  Pigmented 

moles  of  the  akin  often  form  their  starting-points."  They  belong  to  the 
most  malignant  of  tumors.  They  very  readily  form  metastatic  tumors 

in  variouH  parts  of  the  body,  which  are,  like  the  parent  tumor,  pigmented.' 

Various  forms  of  tumors  may  contain  brownish  or  yellowish  pigment  deposited 
in  them  liy  the  degeneration  of  the  hiemoglobin  from  exlravsuiated  blood;  thew  should 
not  be  mistaken  for  melanotic  sarcomata.  The  blood  pigment  is  not  as  a  rule  so 
dark  as  that  of  the  tumors  and  is  generally  included  in  phagocytic  cells  lying  in  the 
stroma  of  the  tumor.  Careful  search  will  usually  reveal  cystal  or  needle  forms,  and 

'  n  be  obtained  by  heating  tiections  with  acid  and  potas- 

Uyeloid  or  Giant-celled  Sarcoma. — Tumors  of  this  class  are  usually 
formed  chiefly  of  spheroidal  or  fusiform  cells  of  variable  size,  but  their 
characteristic  feature  is  the  presence  of  larger  and  smaller  multinuclear 
cells,  called  giant  cells.  These  are  closely  intermingled  with  the  other 
cella,  and  may  be  very  abundant  or  very  few  in  number  (Fig.  209). 

Giant  cells  "may  occasionally  occur  in  other  tumors,  but  are  most  abun-  . 
dant  and  characteristic  in  these.  Mitotic  figures  may  occasionally  be 
seen  in  the  nuclei  of  giant  cells  from  the  more  rapidly  growing  and 
recurrent  forms  (Fig.  210).  These  tumors  are  chiefly  formed  in  connec- 

tion with  bone,  and  may  originate  in  the  marrow  or  in  the  periosteum. 
They  are  sometimes  very  soft  and  vascular,  and  subject  to  interstitial 
haemorrhages.     Home  of  these  vascular  sarcomata  were  formerly  clas.sed 

1  For  bihl.  of  mulliplp  mfflnno-OBKUuittta  of  the  skin  see  WilMn  and  Katlruer,  Amer.  Jour.  Med, 
Sri.,  vol,  exxvi..  IBffil.  p.  /."il. 

•  I>n  thp  orcum-nc-P  of  mclnnurir.  in  pii-p*  nf  melano-snrrcma  consult  Tkachtr,  Trnna.  .Vew  York 
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together  with  other  kinds  of  vascular  tumors  as  funpiw  hfpmatotles, 

Some  of  the  forms  of  epulis  are  giant-celled  sarcomata  {Fig.  212). 
When  these  tumors  originate  in  the  marrow  of  the  long  bones,  which 

is  a  favorite  place  for  them,  they  arc  apt  to  cause  resorption  of  the  bono; 
and  although  the  tumor  may  be  for  a  long  time  enclosed  by  a  shell  of 
new-formed  bone,  which  enlarges  with  the  enlarging  tumor,  it  usually, 
sooner  or  later,  breaks  through  this  and  infiltrates  adjacent  tissues. 
They  may  form  metastases  and  frequently  grow  to  a  very  great  size, 
though  relatively  much  more  benign  in  nature  than  the  other  types  of 
sarcoma.     The  giant  celled  sarcomata  arising  in  the  maxillary  borders 

Showinf  the   Luuhiuu'  t^-pe  of  Kiant  cell  at  aten  in  these  growths.     Also  the  spongy  loft  connective 
tiuue  in  which  the  celld  lie.     Numerous  leucocytes  aDd  red  blood  celb  are  seen  in  the  section. 

(epulis)  are  generally  quite  innocuous  if  carefully  removed.  In  one  series 
only  two  recurrences  were  noted  in  seventy  cases.  If  the  excision  is 
imperfect,  repeated  local  recurrences  may  take  place  without  metastases 
forming  elsewhere  in  the  body.  The  periosteal  forms  are  apt  to  be 
firmer  in  texture,  and  are  prone  to  the  development  of  irregular  masses 

of  new  bone  within  them,  thus  forming  one  of  the  varieties  of  osteo- 
sarcoma. 

Osteo-sarcoma. — These  are  spindle-  or  round-celled  tumors,  usually, 
but  not  always,  connectetl  with  bone,  in  which  irregular  masses  of  bone 
ti.ssue  are  present.  The  bone  is  usually  of  irregular  atypical  structure, 
the  regular  laniellation  and  typical  Haversian  canals  being  usually 

absent  (l*'ig.  211).     Not  infrequently  calcification  is  very  imperfect  or 



374  TUMORS 

absent.  The  oateo -sarcomata  are  prone  to  form  metastases,  especially 
in  tKe  lungs,  in  which  are  present  all  the  characters  of  the  original  growth. 

Anglo-sarcoma. — In  many  of  the  sarcomata  in  various  parts  of  the 
body  the  blood-vessels  form  so  prominent  and  important  a  feature  as 
to  give  special  character  to  the  growth,  not  alone  by  their  size  and 

general  prominence  (Fig.  '213),  hut  sometimes  by  the  peculiar  arrange- 
ment which  their  presence  gives  to  the  cells.  While  in  most  of  the 

sarcomata  the  blood-vessels  have  a  very  important  influence  in  determin- 
ing the  topography  of  the  tumor,  in  most  of  the  denser  and  in  many  of 

the  softer  varieties  this  influence  is  not  easily  traced.  In  many  forms, 
however,  particularly  those  which  are  soft  and  very  cellular,  the  cells 

are  closely  grouped*  around  the  vessels,  developing  in  their  advcntitiae 

and  forming  sheaths  around  them  (Figs.  213  and  214).  The  masses  of 
cells  thus  formed,  with  a  blood-vessel  for  a  centre,  may  be  closely  packed 
together  in  long  strings  with  more  or  less  frequent  anastomoses  or  they 
may  be  arranged  in  rounded  groups,  giving  to  the  tumor  an  alveolar 

appearance    (Fig.    215).     Such    tumors    arc    called    angto-sarcomata. 
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Simple  vascularity,  although  this  be  extreme,  does  not  make  of  a  tumor 
an  angio-sareoma. 

Alveolar  Sarcoma. — yomctimes,  as  above  stated,  the  basement  aub- 
stancp  of  the  sarcomata,  particularly  in  some  of  the  round-celled  varieties, 
is  quite  abundant  and  arranged  in  a  wide-meshed  net,  in  the  meshes  of 
which  the  colls  lie.  These  spaces  are  called  alveoli,  and  this  variety 
of  structure  has  acquired  importance  from  the  general  resemblance 
which  these  tumors  have  to  the  well-defined  and  characteristic  alveolar 
structure  which  many  of  the  carcinomata  exhibit.  It  is  true  that 
occasionally  the  resemblance  is  very  close  intleed,  but  usually  the  sar- 

comata present  a  more  or  less  intimate  relation  between  the  cells  and 
basement  substance.  The  ceils  usually  do  not  simply  lie  in  the  cavities, 
but  are  often  attached  to  the  intercellular  substance,  which  not  seldom 
sends  finer  trabecuUe  into  the  alveoli  between  the  cells.  .\  careful  study 

of  sections  especially  prepared  to  show  the  finer  connective- tissue  fibrils, 
by  silver  impregnation  for.  example,  may  be  required  ami  sometimes  a 
careful  .shaking  of  sections  in  water  is  necessary  to  reveal  the  characters 

of  thu  reticulum.  The  cells,  moreover,  are  usually,  though  not  always, 
distinctive  in  character.  This  form  of  tumor  is,  in  some  cases  at  lea.st, 

determined,  as  above  stated,  by  the  new  formation  and  peculiar  arrange- 
ment of  the  blood-vessels.  Tumors  of  this  kind  are  not  common,  but 

may  occur  in  the  skin,  lymph-nodes,  bone,  and  pia  mater.  They  are 
usually  very  malignant.  Many  of  these  tumors  are  doul>t.less  more 
properly  classed  among  the  endotheliomata,  while  some,  especially  tho.se 
from  the  skin  and  from  the  lymph-nodes  of  the  neck  are  not  improbably 
derived  from  epithelium  left  during  embryonic  development. 

Hized  Forms  of  Sarcoma. — In  addition  to  the  above  more  or  less  well- 
defined  forms  of  sarcoma,  there  exist  various  modifications  which  have 
received  special  names.  The  sarcomata  in  which  cysts  form,  either  by 
the  softening  of  tissue  by  degeneration,  or  by  the  dilatation  of  gland 
ducts  by  pressure,  or  by  the  new  formation  of  tissue  in  gland  ducts  or 
alveoli  which  dilate  with  the  growth  of  the  tumor,  have  received  the 

name  of  cysto-sarcumata. 
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Mucous  degeneration  is  frequent  in  the  various  forms  of  sarcoma.  A 
combination  of  myxoma  and  sarcoma — myxosarcoma — is  common  (see 
Fig,  210). 

Combinations  of  sarcoma  with  fat  tissue,  Upo-sarcoma;  with  glanttu- 
lar  structure,  adeno-sarcoma  (Fig.  217);  with  cartilage,  chondrosarcoma; 
with  muscle  tissue,  myosarcoma;  and  with  various  other  tissues,  are  of 
frequent  occurrence.  Usually  these  accessory  forms  of  connective  or 
epithelial  tissue  structures  piay  a  subsidiary  part  in  the  metastatir 
activities  of  the  growth,  but  in  rare  instances  muscle  fibres  seem  to  obtain 
Borne  of  the  powers  of  indefinite  multiplication  generally  observed  only 
in  the  less  specialized  forms  of  connective  ti.ssue,  and  tumors  made  up 

almost  wholly  of  such  fibres  have  been  reported.  This  form  of  new 

growth  is  sometimes  termed  a  malignant  myoma  but  generally  is  classi- 
fied as  a  myo-sarcoma. 

Some  forms  of  pmmmonm,  or  "brain-sand,"  found  chiefly  in  the  dura 
r,  arc  fihrosarcomata  or  endotheliomala,  which  have  undergone 
ication,  the  lime  being  deposited  in  lamellated  masses  of  various 
?s  within  them. 

ome  of  the  soft  papilloniata  and  warts,  and  occasionally  the  pol_i,-pi 
e  mucous  membranes,  belong  to  the  type   of  sarcoma   or  mjTio- 

he  so-called  chloromn  is  a  small  round-celled  growth  characterizcti  by 
eenish  color;  it  occurs  with  especial  frequency  in  bone  and  is  often 

iple.  The  nature  of  the  coloring  material  is  uncertain  (see  p.  478).' 
special  type  of  sarcoma  i.s  one  arising  from  the  cells  of  the  bone 

ow,  known  as  myeloma.     The  growth  is  usually  multiple,  occurring 
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most  frequently  in  the  skull,  vertebral  cotumTi,  and  thorax,  and  leadw  to 
absorption  of  the  bone.  As  a  rule,  in  contrast  to  chloroma,  no  marked 

changes  are  seen  in  tho  circulating  blood.     P'or  further  detail.s  seo  p.  9()2. 

BRDOTHELIOBIA. 

An  endothelioma  k  a  tumor  derived  from  endothelium.  It  most 

commonly  originates  in  the  endothelium  of  the  blood-  or  lymph-vessels 
or  the  lymph -spaces. 

Tumors  originating  in  the  mesothelium  of  the  great  serous  cavities, 
the  pleural,  pericardial,  and  peritoneal,  are  in  many  respects  similar  to 
those  arising  from  the  blood-  and  lymph-vessel  endothelium,  and  we  may 
therefore  for  the  present  group  them  among  the  endothelioniata,  though 

it  might,  on  some  accounts,  be  l)ettcr  to  call  them  mcsothellomata.'     A 
certain  proportion  of  the  gelatinous 
tumors  covering  the  surface  of  the 
peritoneum   have   been   shown  to 
arise  from  small  primary  growths 
of  the   ovary,  the   mucous   mem- 

brane of  the   gall-bladder,  or   the 
gdstro-intestinal  tract;  it  is  there- 

fore   important    to    exclude    this 

particular   group   from   the  endo- 
theliomata. 

Endothelial  cells  are  normally 
elongited  and  thin,  forming  a 
mosaic  over  the  surfaces  which 

they  line.  Under  various  ab- 
normal conditions,  however,  in 

h^-perplasia,  in  inflammation,  and 
in  the  reparative  processes,  these       fio.  2|8.-ekdotheij<»«*  i,r  the  ththoid 

cells    may   become    thicker    than  ui-mu. 

normal,  even  cuboidal  in  shape.  '^^^''^  "' "^l  tmpt^l^^-'^^"'"^'"'"  ̂  
So  also  in  the  endolheliomata, 

the  cells  seldom  resemble  the  normal  endothelium,  but  are  cuboidal, 

polyhedral,  or  even  cylindrical  in  shape,  or  on  pressure  may  assume 
elongated,  fusiform,  or  other  bizarre  forms.  The  cells  in  endotheliomata 
may  form  more  or  less  distinct  tubular  structures,  recalling  their  original 
function  as  lining  cells,  but  they  may  l>e  piled  in  several  layers  over  one 
another  with  an  open  lumen  here  and  there,  or  finally  they  may  form 
solid  reticular  masses,  scarcely  to  be  distinguished  on  morphological 
grounds,  with  our  present  knowledge,  from  certain  forms  of  epithelial- 
cell  tumors — carcinoma. 

The  cell  masses  in  endothelioma  are  enclosed  by  a  varying  amount 
of  fibrous  tissue,  either  old  or  new-formed.  This  stroma  is  often  vascu- 

lar and  sometimes  appears  in  places  to  consist  almost  wholly  of  vessels 



Eiround  which  the  tumor  cells  are  packed,  the  whole  resembling  some  of 
the  forma  of  angio-sarcoma. 

These  tumors  developing  from  the  endothelium  of  the  vessels  or 

lymph-spaces  sometimes  exhibit  a  structure  closely  simulating  that  of 

tubular  glands  lined  with  more  or  less  cuboidal  cpilhelium  (p"ig.  218). 
When  originating  in  the  blood-vessels  these  tumoi-s  are  called  kmiifiiigio- 

endolheliomata;  when  <leriv('d  from  the  lymph- vessels  they  are  called 
lympha  ngio-e  ndotheliomata. 

Sometimes  the  cells  of  the  endotheliomata  are  packed  together  in 
dense  concentric  masses,  which  may  have  a  glistening  appearance,  and 
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such  tumors  are  sometimes  called  ckolestealoniata.'  Although,  for  the 
most  part,  the  peculiar  glistening  appearam^e  of  these  tumors  is  due  to 
the  closely  packed  thin  cells  which  compose  them,  they  not  infrequently 
contain  crystals  of  cholcsterin,  which  may  share  in  producing  this  char- 

acteristic appearance.  But  the  cholesterin  may  l>e  absent,  or  present 
in  small  amount. 

In  the  dura  mater  endotheliomata  are  formed  of  densely  packet! 
masses  of  flattened  cells  (Fig.  219);  or  the  cells,  often  polyhedral  or 

cuboidal  in  shape,  are  grouped  around  blood-vessels  (Fig.  227) ;  or,  finally, 
they  develop  in  closely  packed  concentric  masses  forming  one  of  the 
types  of  psammoma  (Figs.  220  and  221). 

The  stroma  of  the  endotheliomata  may  undergo  various  forms  of 
alteration,  developing  hyaline,  myxomatous,  or  cartilaginous,  or  very 

dense  fibrous  characters  (Fig.  222);  or  it  may  atrophy,  leaving  the  pro- 
liferated endothelium  and  the  blood-vessels  as  the  chief  structural 

elements.  On  the  other  hand,  hyaline  and  mucous  degeneration  of  the 
endothelial  cells  may  occur  (Fig.  223),  and  considerable  collections  of 
these  materials,  free  from  the  cells  but  surrounded  by  the  cell  masses, 

may  give  a  cj'stie  character  or  lend  a  glandular  appearance  to  the  growth. 
8uch  tumors — in  which  homogeneous  or  striated  cylinders  of  hyaline 

or  mucoid  material  (Fig.  224),  often  closely  surrounded  by  layers  of 

cuboidal  or  flattened  cells   (Fig.   225),  form  a  striking  feature — have 
'  It  B  belii^vpd  by  BaelroeiD,  Ribbcri,  nnci  olhen  that  the  ehoki>tesU>mstii  ors  dermoid  structuras 

fonned  frsm  dwplaced  epidermal  tiiuue.  See  BnMroem,  Centbl.  I.  allg.  Path.,  Bd.  viii..  p.  I,  1X97: 
Ribbtii.  "Lehdi.  d.  allg.  Fstb.,"  p.  560.  1905 
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sometimes  been  calleil  cylindromata.  It  is  probable  that  some  of  the 

turaors  ineludecl  here  belong  more  properly  among  the  so-called  ba.sal- 
celled  carcinomata  {see  p.  408). 

The  stroma  of  the  endothelioma  may  become  sarcomatous  and  thua  a 

mixed  tumor — a  sarcomatous  endothelioma — may  be  formed. 
The  endotheliomata  may  be  single,  nodular,  and  of  considerable  size; 

or  they  may  be  multiple,  numerous  small  tumors  being  scattered  over 
the  surface  of  the  part  in  which  they  grow.  They  may  even  form  a 
thick  or  thin  petlicle  over  surfaces,  or  cause  adhesions  between  adjacent 
organs.     They  may  form  metastases. 

They  occur  in  the  dura  mater  and  pia  mater,  in  the  pleurii  and  perit- 
oneum, and  tumors  thus  named  have  been  described  as  occurring  in 

the  skin,  bone,  gums,  lymph-nodes,  ovary,  liver,  brain,  testicle,  glandula 
carotica,  and  salivary  glands.' 

It  is  prolmble,  however,  that  a  considerable  number  of  these  tumors, 

especially  those  of  the  salivary  glands,  should  be  grouped  among  epithe- 
lial growths  ari.sing  in  some  congenital  anomaly.  See  Tumors  of  the 

Haiivary  Cilands,  p.  700.' 

tJ.    yolkmann.-'VfheT Deutarh.  Zeita-  f.  Chir..  Bd.  »li..  p.  1.     L 
■'ErBehni..eJ.altaP«th. ■  Jahn,.  L,  Abth.  2.  p.  36a 

For  embrjoloKicat  m liilcratiom  l.piriiiic  on  Ihe 
OI<^k7,rr.  ZfiU.  r.  He ,S97:  Marriiand.  Verb,  der  I>nitKb.  palh 

ooil.  Anuslg  of  Sut(piy 
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The  difficulty  of  diagnosis  in  certain  of  the  endotheliomata  depends 
upon  the  fact  that  the  cells  in  the  developed  tumors  assume  forms  so 

entirely  different  from  the  normal  endothelium,  and  upon  the  impoBsi- 
bility  in  many  cases  of  detecting  the  origin  of  the  tumor.  In  many 
instances  one  is  forced  to  rely  in  a  measure  upon  the  probabilities  of 
origin  as  indicated  by  the  seat  of  the  tumor. 

Fio.  323,— Enoothelioba  i,r  PLEUttt. 
Showiag  the  farmation  aF  muciu  within  the  endothelint-cell  maaies;  the  mucus  i<  stiined  with  hsma- 

The  alleged  transition  forms  of  cells  which  may  be  found  in  the  peri- 
phery of  such  tumors  between  the  tumor  eells  and  the  endothelium 

of  blood-  or  lymph-vessels  must  be  accepted  with  caution  as  evidence, 
since  wo  have  reason  to  believe,  as  we  have  seen  above  (p.  337),  that  the 
characteristic  cells  of  a  tumor  are  the  direct  descendants  of  those  in 

which  the  growth  started  and  are  not  derived  from  a  later  growth  of 
the  eells  of  the  part  in  which  the  tumor  is  situated. 

One  may  be  able  to  differentiate  between  carcinoma  and  endothe- 
lioma by  the  discovery  of  definite  epithelial  characters  in  the  cells,  such 

as  secretion  products,  spines,  and  corneous  transformations.     Or,  on 
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the  other  hand,  one  may  discover  a  more  intimate  relationship  between 
the  cells  and  the  stroma  which  characterizes  the  endothelioma t a  as 

tumors  of  the  connective-tissue  type.  Thus  in  some  endotheliomata 
one  may  discover  that  the  external  layers  even  of  cuhoidal  cells  send 
processes  out  among  the  surrounding  fibrils  of  the  stroma.  One  may 
furthermore  discover  a  small  amount  of  fibrillar  tissue  among  the  cell 
masses  in  the  endotheliomata  which  otherwise  rt;semble  epithelium. 

Lipomata  are  tumors  formed  of  fat  ti.ssuc.  The  fat  tissue  (Fig.  228) 
occurs  in  lobules  and  is  similar  to  normal  fat,  except  that  the  cells  and 

lobules  are  usually  larger  and  less  i-egularly  arranged.     Occasionally  a 

Showiof  fonnatioD  of  muciu  in  th«  gland-like  endoIlielinl-Fell  muun.     This  form  of  tumor  'b  oftCD 
csIIhI  "cylmdrama." 

considerable  number  of  the  cells  resemble  those  of  embryonic  or  rapidly 
growing  fat  tissue.  There  may  be  little  connective  tissue  in  the  tumors, 

when  they  are  very  soft,  almost  fluctuating — lipoma  molle — or  there  may 
be  so  much  as  to  give  the  tumor  considerable  firmness — fibro-lipoma. 
They  may  be  in  part  transformed  into  mucous  tissue — myxo-lipoma. 
Cartilage  not  infrequently  develops  in  them,  or  they  may  undergo  par- 

tial calcification. 

Occasionally  the  blood-vessels  are  very  abundant  and  dilated — 
angio-lipoma.  They  are  u.sually  sharply  circumscribed,  but  may  infil- 

trate surrounding  tissues.  They  are  not  infrequently  pedunculated. 
They  sometimes  grow  to  enormous  .size  and  may  ulcerate. 

They  are  usually  isolated,  but  may  be  multiple,  and  are  occasionally 
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symmetrically  arrangnl  in  rdution  to  the  median  dorso-ventral  plane 
of  the  botly.  They  are  (.'ommon  tumors,  occurring  usually  in  the  sub- 

cutaneous or  other  fat  tissue.  They  may  occur  in  the  mucous  membrane 

of  the  gagtro-intestinal  canal,  in  the  peritoneum,  more  rarely  in  the  dura 
mater,  kidney,  liver,  and  lungs.  They  are  benign  tunioi-s,  not  forming 
metastases;  but  they  may  be  deleterious  by  ulceration  or  gangrene,  and 

when  not  fully  removed  may  exhibit  local  ret-urrence.  They  may 
become  sarcomatous. 

CHONDROMA. 

These  tumors,  composed  of  either  of  the  forms  of  cartilage,  are  usually 
hard,  but  sometimes  quite  soft.  The  cells  do  not  present  the  same 
uniformity  in  size,  shape,  number,  and  relative  position  that  they  do  in 

normal  cartilage  (Fig.  229).  Sometimes  they  are  very  large,  spheroidal, 

and  grouped  in  masses,  and  again  small  and  far  apart.  They  are  fre- 
(|uently  fusiform  or  branching.  Fibrillar  connective  tissue  in  varying 
quantity  is  usually  present  in  the  chondromata,  either  as  a  perichondria! 
capsule  or  running  in  bands  between  the  nodules  of  cartilage,  or  passing 
in  fascicles  into  them.' 

The  cartilage  may  change  to  mucous  tissue,  forming  myxo-chondromn , 
the  cells  may  undergo  fatty  degeneration  or  they  may  calcify  or  ossify — 
oKtco-choiidroma.  Chondromata  frequently  form  a  part  of  mixc<l  and 
complex  tumors. 

They  may  form  in  connection  with  bone  or  cartilage  usually  at  an 
epiphyseal  line  or  in  subcutaneous  connective  tissue  and  fasciie.     They 

'  For  a  study  of  the  miaule  atmclure  of  curlilivge  tumora  Bee  Emai.  Ziegler's  Beitr..  Bel.  ixiviii.. 



384 

may  occur  in  soft  parts  where  cartilage  is  not  normally  present,  as  in  the 
parotid,  testicie,  mamma,  and  ovaries,  where  they  are  apt  to  be  mixed 
with  other  tissue.  Under  these  conditions  they  doubtless  arise  from 
developmental  anomalies.  They  may  form  in  the  lungs  in  connection 
with  the  bronchial  cartilages  or  from  embryonal  displacement  of  portions 
of  these, 

Chondromata  are  in  general  benign  tumors.  Sometimes,  however, 
they  assume  malignant  characters,  encroaching  largely  upon  adjacent 
tissues,  growing  into  and  along  the  lumen  of  blood-vessels  and  forming 
metastases,  especially  in  the  lungs  and  heart.'     The  malignant  chondro- 

mata are  softer  than  others  and  may  be  even  of  gelatinous  consistence, 
A  critical  re-examination  of  some  of  the  reported  metastases  has  shown 
that  the  phenomenon  has  occurred  in  the  mixed  types  rather  than  in  the 
pure  chondromata  in  which  recurrence  is  apt  to  be  local  only. 

Small  hyperplastic  growths  on  the  surfaces  of  cartilages  are  called 
ecchondroses. 

CHORDOHA. 

The  chorda  dorsalis,  an  important  structure  in  the  embryo,  persists 
in  the  adult  only  as  a  small  remnant  in  the  intervertebral  discs.  The 
tissue  consists  of  large  cells  with  swollen  cell  bodies  lying  in  a  homo- 

geneous, jclly-liiie  stroma.  The  extremely  rare  tumors  of  this  tissue 
are  found  most  frequently  at  the  base  of  the  brain  on  the  clivus  just 
behind  the  sella  turcica.     They  may,  however,  occur  anywhere  along 

<  For  B  study  of  mctiulniat  in  choadromH  see  £r7i<l,  ZiegLcc's  B^itr..  Bd.  xxviii..  |>.  ZU>,  IMD.  bibl. 
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the  spinal  cord  or  grow  from  the  aacruni  and  coccyx.  The  small  tumors 

occurring  at  the  base  of  the  brain  are  oftco  ()uite  benign,  but  a  consider- 
ahle  number  arc  now  on  record  in  which  the  tumor  developed  into  a  largo 

masfl  infiltrating  the  brain  substance'  or  grew  into  the  roof  of  the  pharynx.' 
Both  benign  and  malignant  growths  have  been  dcKcrihed  as  derived 

from  the  sacrum.' 

In  those  tumors  which  reach  a  large  size  and  show  evidence  of  malig- 
nancy the  ceils  vary  considerably  from  the  original  tvpc  of  the  chorda 

tissue   (Fig.  226). 

OSTEOMA. 

The  formation  of  bone  in  the  body  in  abnormal  places  occurs  quite 
frequently  and  under  a  great  variety  of  conditions.  It  is  on  this  account 
not  easy  to  define  the  term  osteoma,  and  it  is  frequently  difficult  to 
decide  whether  or  not  a  given  mass  of  new-formed  bone  should  be  thus 
designated.  Hone  tissue  often  occui-s  in  tumors  of  the  eonnective-tis.suc 
group  as  a  secondary  or  complicating  .structure — osleo-Jibronia ,  fw/co- 
chondroma,  oateo-sarcoma,  etc.  It  may  occur  in  muscles  or  fascia  as  a 
result  of  the  repeated  trauma  of  certain  exercises,  or  as  a  result  of  a 

'JtUifft  and  Larkin  (to  be  publisheil  shorttv). 
!  Linrk,  Ziegler-s  Beilr,.  1909.  ilvi.,  573. 
'  Ffldmnnn.  Zieglcr'a  Beitr.,  1910,  Ixviii..  fl'IO. 
For  a  full  bibliography  nep  Ribbtrl,  (le^chwiil'tlrhro,  Boaii.  I9I14,  p.  H9;  ulio  FrenM  rl  BaisnI. 



peculiar  inflammatory  process,  Myositis  ossificans,  or  it  may  occur  in  con- 
nection with  chronic  inflammation  in  a  variety  of  tissues.  A  circum- 

scribed mass  of  abnormal  bone,  not  of  inflammatory  origin,  may  be  called 
an  osteoma.     Small  masses  of  new-formed  bone  of  various  shape,  pro- 

Tbc  seFtioD  ihowa  a  smBll  portion  dF  the  tumor  nenr  the  BurroundiDg  fibrous  ftsiiie. 

jecting  from  a  bony  surface  and  frequently  of  inflammatory  origin,  are 
usually  called  osteophytes.  Bony  tumors  projecting  from  the  surface  of 
bones  are  frequently  called  exostoses. 

An  osteoma  may  be  loose  in  texture,  consisting  of  bone  tissue  similar 
to  cancellous  tissue;  or  it  may  be  very  hard  and  dense  like  ivory,  so 

called  irory  exostoses.  The  difference  between  these  forms  lies  chiefly 
in  the  varying  number  and  size  of  the  vascular  and  medullary  spaces 
which  they  contain.  The  growth  of  the  osteomata  is,  as  a  rule,  slow. 
They  arc  benign  tumors,  and  are  not  infrequently  multiple. 
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Osteomata  may  develop  in  connection  with  the  bone  or  periosteum, 
which  is  moat  frequently  the  case,  or,  independently  of  bone,  in  soft  parts. 

New-formed  bone  has  been  found  in  the  soft  parts  of  the  body;  in 
the  brain  substance,  dura  mater,  and  pia  mater;  in  the  pleura,  diaphragm, 
and  pericardium;  in  the  akin,  choroid,  air  passages,  lungs,  kidneys,  aorta, 
(md  penis,  and  in  other  places. 
To  what  extent  some  of  these 
bone  formatiixis  may  have  been 
due  to  inflammatory  action  it  is 
not  possible  to  say,  but  it  seems 
probable  that   in   many  of  the 
cases  cited  above  an  inflamma- 

tory or  degenerative  process  pre- 
ceded the  bone  formation. 

Odontoma. — Tumors  arc  some- 

times formed  from  the  pulp  dur- 
ing the  development  of  the  teeth. 

When  these  contain  dentin  they 
are  called  odontomata. 

Fio.  230.— Gu< 

OUOHA. 

The  gliomata  are  developed  from  the  characteristic  framework  of 
nerve  tissue,  the  neuroglia,  which  in  structure  many,  though  usually  not 
all,  of  its  cells  closely  resemble.     Small  cells  with  inconspicuous  bodies 
and  numerous  delicate  branching  processes  are  most  characteristic;  but 
in  connection  with  these  there  is  usually  a  greater  or  less  number  of 

small  spheroidal  cells  with  pro- 
portionally    large    nuclei    (Fig. 

230).     It  is  usually  necessary  to 
shake  sections  in  water  or  care- 

fully   tease    fragments    of    the 
tumor  in  order  to  see  the  char- 

acteristic  neuroglia  or  so-called 
"spider"  cells  (Fig.  231).     It  is 
held  by  Weigert  and  others  that 
the    so-called    branches    of    the 
neuroglia  cells  are  rather  fibrils 
lying  close  beside  the  cells  than 

Fio.  231.— nedbooua  OR  "Spibir'' CiLia  actual  branches.'     Certain  glio- 
FHou  GuoiiA  or  THE  BRiiH,  matB  &Tfi  marked  by  an  alveolar 

esse  aiweioiKii.  arrangement  of  their  cells  which 
resemble  the  ependymal  cells  and  may  line  small  cavities  or  present  a 
rosette-like  arrangement;  one  side  of  the  cells  being  free,  the  others 
sending  prolongations  into  the  surrounding  tissues.  Such  tumors  most 
clearly  reveal  their  ectodermal  origin, 

Gliomata  may  contain  very  numerous  and  frequently  dilated  thin- 

'  See  ref,  Malloni.  foot-note,  p.  3SS. 



walled  blood-vessels.  They  may  be  very  soft  or  moderately  hard;  and, 
especially  when  occurring  in  the  substance  of  the  brain,  are  frequently 
not  sharply  outlined  against  the  adjacent  normal  tissue.  They  usually 
occur  singly,  and  are  comparatively  slow  in  growth. 

They  are  frequently  associated  with  other  tumor  tissue,  forming 

glio-myxoma,  gltosarcoma,  etc.  Owing  to  the  abundance  of  thin-walled 
blood-vessels  and  the  softness  of  the  growth,  they  are  liable  to  inter- 

stitial hiemorrhages,  and  may  then,  when  occurring  in  the  brain,  readily 
be  mistaken  for  ordinary  apoplectic  clots.  They  are  liable  to  fatty 
degeneration.  They  usually  occur  in  the  brain,  spinal  cord,  and  in  the 
optic  and  other  cerebral  nerves.  Some  of  the  so-called  gliomata  of  the 
retina  are  apparently  small  spheroidal-celled  sarcomata;  others  arising 
through  embryonal  defects  from  the  external  retinal  layers  arc  called 
neuro-epithelionmla. 

Pure  gliomata  arc  benign  tumors,  though  in  their  most  common 
combination  with  sarcoma  they  may  be  very  malignant.  Their  usual 
situation,  however,  is  such  as  to  make  them  almost  always  significant, 

although  technically  they  are  benign  tumors,' 

>[  the  smoolh-musc'le 

MYOMA. 

Tumor.s  composed  of  muscle  tissue  are  of  two  kinds,  following  the 
two  normal  typos  of  muscle,  the  non-striated  and  the  striated. 

I.  Leiomyoma,  Myoma  Levicellulare. — The  characteristic  elements  of 
these  tumors  are  fusiform,  smooth  muscle  cells,  with  elongated  or  rod- 
shaped  nuoloi.  These  are  packed  closely  together,  frequently  inter- 

lacing and  running  in  various  directions,  and  are  intermingled  with  a 
variable  quantity  of  more  or  less  vascular  fibrillar  connective  tissue 

(Fig.  232).  When,  as  is  not  infi-cquently  the  case,  the  connective-tissue 
elements  are  present  in  large  amount,  the  tumor  is  called  a  fibrous 

neuroglia  is  "lill  lao  meogfe  to  permit  ui  to  underatnnJ  very  thor- 
B  cinaa  oi  lumon!,  nna  w  9i>pBratR  it  ax  preciseli'  as  coulil  be  wished  rrom  certain  of  its  alliea 

e  gliomala  «K  UallBrg.  Jour.  Med.  Rr".,  vol.  siii..  p.  113.  1905:  Jour.  Exp.  Med.,  vo\.  k. 
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myoma.  In  such  tumors  it  should  be  remembered  that  the  muscle,  not 
the  connective  tissue,  is  still  the  essential  characteristic  feature  (Fig.  233). 

It  is  not  always  easy  to  distinguish  leiomyomata  from  certain  con- 
nective-tissue tumors,  small  spindle-celled  sarcoma,  cellular  fibromata. 

In  normal  smooth  muscle  tissue  the  characteristic  cell  is  spindle-shaped, 
sharply  outlined  with   rod-shaped 
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Fig.  233. — Fibro-myoma  op  Uterus. 

The  muscle  cells  are  crowded  apart  by  dense 
fibrous  tissue. 

nuclei.  The  tapering  cells  are 
placed  with  overlapping  ends,  in 
clusters  and  bundles  surrounded 

by  more  or  less  fibrillar  connective 
tissue  which  bears  the  vessels  and 
nerves.  In  addition  to  certain 

fibrils  within  the  cells,  the  smooth 
muscle  cells  are  furnished  with 

delicate  fibrils  lying  along  the  peri- 
phery of  the  cell  parallel  with  its 

long  axis,  and  extending  along  the 
overlapping  cell  columns.  These 
are  called  myoglia  fibrils. 

In  leiomyomata  the  muscle  cells 

as  well  as  their  nuclei  vary  con- 
siderably in  shape.  They  both 

may  be  long  and  slender,  or  short 
and  plump,  the  latter  forms  with 
mitotic  figures  prevailing  especially 
in  the  more  rapidly  growing  forms. 
The  myoglia  fibrils  are  present  in 
the  tumors  also  and  may  present 

considerable  variations  in  size,  arrangement,  etc.^ 
These  tumors  may  become  oedematous,  and,  owing  to  their  density 

and  lack  of  blood-vessels,  they  not  infrequently  degenerate;  forming 
cysts  or  becoming  gangrenous.  They  frequently  undergo  hyaline  degen- 

eration and  calcification.  They  may  occur  singly  or  be  multiple,  are 
usually  of  slow  growth,  may  be  large  or  small,  and  are,  for  the  most 
part,  benign.  But,  especially  in  the  uterus,  they  may  become  large, 
and  being  often  multiple  may  lead  to  serious  disturbance.  On  the  other 

hand,  a  few  instances  are  recorded  of  myomata  in  the  uterus  and  gastro- 
intestinal canal  which  have  been  rapidly  growing,  locally  invasive,  and 

have  metastasized.  These  are  called  malignant  leiomyomata.  Leio- 
myomata may  occur  wherever  smooth  muscle  tissue  exists.  They  are 

most  frequently  found  in  the  uterus,  where  they  are  often  multiple. 
They  may  occur  in  the  wall  of  the  gastro-intestinal  canal,  and  have  been 
seen  in  the  kidney,  in  the  bladder,  and  in  the  skin.  A  certain  proportion 

of  the  so-called  hypertrophies  of  the  prostate,  so  frequent  in  advanced 
life,  are  sometimes  considered  leiomyomata  of  the  interstitial  muscle 
tissue  of  that  gland.  For  a  description  of  glandular  myomata  of  the 
uterus  see  p.  813. 

*  See,  for  methods  of  staining  myoglia  fibrils,  MaUory,  Jour.  Med.  Res.,  vol.  xiii.,  p.  124,  1905. 
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II.  Myoma  StrioceUulare,  or  Rhabdomyoma. — In  these  rare  tumors 
striated  muscle  fibres  are  the  characteristic  elements.  They  very  rarely 
compose  a  great  part  of  the  tumor,  but  are  intermingled  with  other 

elements,  fibrillar  connective  tissue,  spindle-shaped  and  spheroidal 
cells  of  various  forms,  which  often  appear  to  be  incompletely  developed 

muscle  cells.  They  are  not  infrequently  associated  with  sarcomatous  tis- 
sue. Blood-vessels  and  sometimes  nerves  are  also  present.  The  muscle 

fibres  differ,  as  a  rule,  from  normal  striated  muscle  fibres  in  their  arrange- 
ment, which  is  usually  quite  irregular,  and  also  in  size,  being  in  general 

smaller  than  normal  fibers,  although  varying  greatly.  The  aarcolemma 
is  either  absent  or  incompletely  developed.  These  tumors  are  usually 
small  or  of  moderate  size,  and  are  supposed  to  originate  from  inclusions 
of  cells  destined  to  form  muscle  tissue  in  places  where  they  do  not  belong. 

In  the  heart  and  certain  other  muscular  parts,  small  circumscribed 
masses  of  striated  muscle  tissue  have  been  described,  and  are  sometimes 

called  homologous  rhahdomyomala.  But  genuine  heterologous  rhabdomyo- 
mata  are,  in  almost  all  eases  thus  far  recorded,  confined  to  the  genito- 

urinary organs,  kidney,  ovary,  and  testicles.  The  writer  has  described 

an  exceptional  case  of  rhabdomyoma  occurring  in  the  parotid  gland.' 
These  tumors,  when  not  associated  with  other  and  malignant  tumors, 

are  benign  and  are  of  much  greater  theoretical  than  practical  interest. 

NEUROHA. 

A  true  neuroma  is  a  tumor  containing  ncw-foiTtied  nerve  tissue.  Such 
tumors  are  comparatively  rare.  Tumors  developed  in  the  connective 
tissue  of  nerves  and  composed  usually  of  fibrous  or  mucous  tissue  are 

common,  and  are  frequently 
called  neuromata,  but  they 
should  be  called  fibromata  or 

myomata,  etc.,  of  the  nerves, 
or  false  neuromata.  The  true 
neuromata  are  of  two  kinds, 
yanglionic  or  cellular  neuromaia 

and  fibrillar  neuromata,  depend- 
ing upon  the  character  of  nerve 

tissue  which  thoy  contain.  The 

ganglionic  neuromata — neuroma 
_     „.,     „  „  qanqlioniforme—ixv   which    new- Fia.  234.— NeuBOMA  Ganouohiforme.  ,  ,  ., 

Section  from  a  tumor  of  the  adrenal.  fomicd    ncrVC    CClIS    are    present 

(Fig.  234),  arc  found  associated 
with  other  structures  in  certain  of  the  teratomata  in  the  ovaries,  testicles, 
and  in  the  sacral  region;  they  also  occur  in  the  gray  matter  of  the  brain. 
They  have  been  found  in  the  adrenals  and  may  also  contain  sarcomatous 
elements. 

iPnuWrn,  Anier.  Jour.  He<l.  ScE.,  vol.  litiicv..  p.  438,  1883.     For  later  bibl.  consult  Helbiag. 
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The  fibrillar  neuromata  are,  according  to  Virehow,  of  two  kinds, 
myelinic  and  amyelinic,  depending  upon  whether  the  nerve  fibres  which 
they  contain  are  medullated  or  not.  The  neuroma  myelinicum  is  the 
more  common  and  the  Ixitter  understood.  The  medullated  nerve  fibres 

in  these  tumors  are  associated  with  fibrillar  connective  tissue,  and  are 
usually  curled  and  intertwined  in  a  most  intricate  manner.     They  are 

either  single  or  multiple  on  the  peripheral  nerves.     They  may  occur  in 
considerable  numbers  as  nodular  tumors  on.the  branches  of  a  single  nerve 

trunk,  or  they  may  form  an  in-egular,  diffuse,  nodulated  enlargement 
of  the  nerve  branches — plexiform  neuroma.  These  neuromata  may  or 
may  not  be  painful.  They  not  infrequently  form  at  the  cut  ends  of  the 
nerves  in  Amputation  stumps.  They  are  benign  tumors,  never  forming 
metastases. 

*  (False  Neurohata)  oe  Phedhooab 

h  the  photogrBphic  reproduction  ol  Fig.  237  a  made. 

The  false  neuromata  are  myxomata,  or  fibromata  {Fig.  235),  or  some- 
times myxo -sarcomata  of  the  nerve  sheaths  or  intrafascicular  connective 

tissue,  and  may  be  single  or  multiple.  In  the  latter  case  they  may  affect 
the  branches  of  a  single  nerve  trunk  (Fig.  236),  or  they  may  be  found 
on  nearly  all  the  cercbro-spinal  peripheral  nerves.  The  writer  has 
described  a  case  (Figs.  236  and  237),  in  which  more  than  eleven  humtred 
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and  eighty-two  distinct  tumors  wore  fouml  distributed  ovt-r  nearly  all 
the  peripheral  nerves  of  the  bo<ly.' 

The  nerve  fibres  in  these  tumors  may  be  crowded  apart  l>y  the  new 
growth  and  consitlerably  atrophied;  or,  in  eases  in  which  the  tumor  is 
foniposed  of  soft  tissue,  as  in  myxoma  or  the  soft  fibroma,  they  may 
pass  through  or  around  the  tumor  entirely  unchanged.  The  multiple 

false  neuromata  are  in  many  cases  congenital.' 

AKGIOMA. 

Angiomata  are  tumors  consisting  in  large  part  or  entirely  of  new- 
formed  blood-  or  lymph-vessels  or  cavities.  In  many  tumors  of  various 
kinds  the  new-formed  or  the  old  blood-  and  lymph-vessels  may  bo  very 
abundant  or  prominent  by  reason  of  their  dilatations;  the  ve.ssels  of 
otherwise  normal  tissues  may  also  be  largely  dilated,  thus  simulating 
vascular  tumors.  These  are.  however,  not  true  angiomata,  although 
sometimes  reckoned  among  them,  and  in  many  cases  closely  allied  to 
them.     Such  are  the  ao-ealled  arterial  varix,  or  cirsoi<l  aneurisms    and 

lia?morrhoids.  and  various  lymphectasije.     True  angiomata  are  of  two 

kinds — I.  Hsemangioma,  and  II.  Lymphangioma. 
I.  Hsmanglonia. — These  tumors  are  of  two  types:  1.  Tho.s*'  formed 

largely  of  capillary  blood-vessels  with  either  thin  or  thickened  walls, 
embedded  in  a  more  or  less  abundant  connective-tissue  stroma.  These 

are  called  simple  angiomata  or  titiffioma  telniit/iecti-idcn  (Fig.  "iUS).  The 
walls  of  the  vesseU  in  these  tumors  ai-e  frequently  dilated  or  pouched, 
and   usually  form  a  tangle  of  curled  and  intertwined   vessels.     They 

<  Prwhitn,  Amer.  Jour.  Med.  .Sci.,  vol.  Iikt..  p.  131.  1NS<I.  C'ormuU  also  Prtble  and  HHIwk, 
TraiM.  .\"in.  Ara.  Ph>-B.,  vol.  kv..  p.  470.  1900.  hihi. 

I  For  nxHX-uiluii]  of  1]i€H  lumora  wiUi  wn^ma  xor  lj<rt-in.  Jour.  M<sl.  ItM.,  \-o\.  ix.,  p.  ■il?.  IWIJ. 
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occur  most  frequently  in  the  skin  or  subcutaneous  tissues,  usually  about 
the  face,  and  may  project  above  the  general  surface  or  be  on  a  level  with 
it.  Such  are  the  so-calted  vaandar  nwvi,  or  strawberry  marks,  which  are 
usually  congenital.     They  are  sometimes  sharply  circumscribed,   and 

sometimes  merge  imperceptibly  into  the  surrounding  skin.  They  some- 
times occur  in  the  mucous  membranes,  in  the  mamma,  bones,  and  brain. 

They  are  benign  tumors,  never  forming  metastases,  but  may  be  asso- 
ciated with  sarcomata. 

2.  The  second  form  of  hTmangioma   called  angioma  cai'ernotum  (Fig. 

239),  consists  largely  of  a  series  of  intercommunicating,  irregular-shaped, 
larger  and  smaller  blood-spaces  lined  with  endothelium,  and  surrounded 
by  a  variable  quantity  of  fibrillar  connective  tissue,  which  may  contain 
smooth  muscle  cells.     They  resemble  the  erectile  tissue  of  the  corpora 
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cavernosa  of  the  penis  and  clitoris.  They  are  apparently  formed  by  a 
dilatation  of  old  and  new-formed  capillaries  and  veins.  They  are  some- 

times erectile  and  sometimes  pulsating,  and  are  not  infrequently  multi- 
ple. They  may  be  seated  in  the  skin  and  subcutaneous  tissue,  forming 

the  so-called  projecting  nsevi,  or  in  internal  organs.  They  are  often 
found  in  the  liver  and  less  frequently  in  bone,  the  brain,  spleen,  uterus, 
kidney,  intestines,  bladder,  and  muscles.  They  are  usually  of  little 
significance,  though  they  may  give  rise  to  haemorrhages. 

II.  Lymphangioma. — These  tumors  consist  of  dilated  lymph  channels 
which  either  preserve  approximately  the  general  shape  of  the  original 
lymph-vessels,  or  are  distinctly  cavernous  in  character  (Fig.  240)  or  even 
cystic.  They  probably  originate  in  part  in  new-formed,  in  part  in  old 
lymph  channels.  A  strict  distinction  between  tumors  formed  by  a 
dilatation  of  pre-formed  and  new-formed  lymph  channels  is  not  possible, 
owing  to  the  very  primitive  character  of  some  of  the  ultimate  lymph- 
spaces  and  our  lack  of  knowledge  of  their  exact  relations  to  adjacent 

parts. 
In  the  lymphangiomata  there  may  be  much  or  little  connective  tissue 

between  the  dilated  channels,  which  are  usually  filled  with  a  translucent 
or  milky  fluid  resembling  normal  lymph.  These  tumors  are  usually 
congenital,  but  are  sometimes  acquired.  They  usually  occur  in  the 
skin  as  soft,  sometimes  considerably,  sometimes  but  slightly  elevated 
growths,  and  may  occur  in  the  tongue — some  forms  of  so-called  macro- 
glossia.  They  are  benign  tumors,  but  may  rupture,  giving  rise  to  serious 
lymphorrhoea. 

Tumors  in  Which  Epithelial  Cells  are  Predominant  or  Characteristic 
Elements — Epithelial  Tumors. 

I.    ADENOMA,     n.     CARCINOMA. 

General  Considerations  Regarding  Epithelial-cell  Tumors. 

While  in  the  main,  in  the  normal  body,  the  general  distinctions 
between  epithelial  and  other  tissues  are  fairly  well  marked,  there  are 
instances,  especially  those  in  which  epithelial  tissues  are  in  process  of 
physiological  growth  or  rejuvenation,  in  which  the  distinctions  are  quite 
ill-defined.  When  we  remember  the  rapid  growth  of  many  tumors,  the 
tendency  to  incomplete  formation  of  their  cells,  their  diverse  seats,  and 
the  various  complicating  conditions  under  which  they  originate  and 
develop,  it  does  not  seem  strange  that  the  exact  limitations  of  this  class 
of  tumors  are  not  easy  to  fix,  nor  that  they  seem  sometimes  to  merge  into 
one  another  and  into  tumor  tissues  belonging  to  other  classes.  If  epi- 

thelial cells,  under  all  circumstances,  had  a  definite  and  characteristic 
structure,  or  if,  on  the  other  hand,  we  could  always  know  whether  a 
given  cell  group  originated  in  epithelium  or  not,  the  matter  of  distin- 

guishing between  tumors  of  this  and  other  classes  would  be  simple  and 
easy  enough.     As  it  is,  in  some  cases  both  morphological  and  histogenetic 
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t-ritcria  fail  us,  and  the  clinical  history  and  gross  appearance  are  not 
characteristic.  Such  instances — which  are  indeed  rare — suggest  the 
possibility  that  the  facts  at  our  command  do  not  justify  such  definite 
distinctions  between  epithelial  and  certain  other  tumors  as  on  both 

theoretical  and  practical  gi-ounds  we  should  like  to  command.  While 
these  difficulties  in  special  cases  must  be  acknowledged,  the  distinctions 
are  in  the  main  definite  enough,  and  very  useful  both  fur  clinical  and 

scientific  purposes.' 
Epithelial  tumors  always  contain,  in  addition  to  the  more  or  less 

characteristic  cellular  elements,  a  connective-tissue  stroma  which  gives 
them  support  and  carries  the  vessels  (Fig.  241).  This  stroma  may  be 
sparse  or  abundant,  may  contain  few  or  many  cells,  is  sometimes  ar- 

ranged in  irregular  fascicles  or  bands,  and  very  frequently  forms  the 

walls  of  well-defined,  variously  shaped  spaces  or  cavities  called  alveoli, 
in  which  the  epithelial  cells  lie. 

In  tumors  of  the  adenomatous  type  the  epithelium  and  the  connective 
tissue  grow  co-ordinately,  producing  structures  in  which  the  relative 
proportions  of  cell  and  stroma  correspond  approximately  to  those  seen 
in  the  organ  from  which  the  tumor  is  derived.  For  this  reason,  Ribbert 

prefers  to  designate  the  adenomata  as  fibro-epithelial  tumors,  in  distinc- 

tion to  the  carcinomata  where  the  epithelium  forms  the  I'eal  ma.ss  of  the 
tumor.  The  epithelial  cells,  in  most  cases,  lie  along  the  walls  of  the 
alveoli  without  an  intimate  connection  with  them.  They  are,  moreover, 
packed  together  without  more  intercellular  substance  than  the  usual 
cementing  material  common  to  epithelial-cell  ma.sses.  In  this  lack  of 
fibrillar  intercellular  substance  within  the  alveoli,  and  in  the  loose 
relationship  between  the  celts  and  the  alveolar  walls,  lie  in  many  cases 
the  chief  morphological  distinctions  between  certain  carcinomata  and 
alveolar  sarcomata. 

Krampnrhrr,  Ziegler'n  Reilr.  IW.  xxsvii.,  p.  2S,  1905, 



In  pertain  of  the  epithelial  tumors  there  ia  a  reproduction  of  typical 
gland  tissue  of  various  kinds,  depending  upon  the  seat  and  conditions  of 
growth  of  the  tumor.     Such  tumors  are  ealled  adenomata  or  Jibro-ndeno- 

matii  (Fig.  243).  A  simple  hypertrophy  of  a  gland,  or  an  increasi^  in  its 
size  by  excessive  growth  of  its  interstitial  tissue,  does  not  constitute  an 
adenoma.     There  must  be  an  actual  new  formation  of  more  or  less  typical 

gland  tissue.  This  is  not  always  or  fre<iuent!y  of  exactly  the  same  char- 
acter iis  the  gland  tissue  in  which  it  originates,  and  always  exhibits  a 

certain  lack  of  conformity  to  the  type  in  structure  and  mode  of  growth. 



The  alveoli  and  duets  usually  have  a  lumen  and  sometimes  a  meDibrana 
propria,  but  the  cells  may  differ  in  shape  from  one  another  and  from 
those  of  the  gland  from  which  they  spring.  Occasionally  the  connective 

tissue  may  quite  outgrow  the  epithelium  as  in  theso-called  intracanalicular 
fibro-adenomata  of  the  breast  (see  Fig.  242). 

Epithelial  tumors  in  which  there  is  no  close  conformity  to  a  glandular 
type,  but  an  independent  and  atypical  growth  of  epithelial  cells  in 
the  meshes  of  an  old  or  now-formed  connective-tissue  stroma,  are  called 
carcinomata  (Fig.  241). 

It  will  readily  be  seen  that  there  must  be  a  border  region  between 
the  adenomata  and  carcinomata,  where  conformity  to  the  glandular  type 
merges  into  the  lawlessness  of  growth  characteristic  of  carcinomata.  In 
this  border  region  a  certain  degree  of  individual  bias  must  be  permitted 
in  assigning  a  name  to  the  new  growth.  In  some  cases  a  sharp  distinc- 

tion cannot  be  made;  or  the  tumor  may  share  in  the  characteristics  of 
both,  and  then  we  very  properly  make  use  of  the  term  adeno-carcinoma 
or  carcino-adenoma. 

I.    ADEnOHA. 

The  structure  of  the  cellular  elements  of  these  tumors,  and  their 
arrangement  into  acini  and  duets,  vary  even  more  than  do  those  of  the 

— HTPEitFi.Asu  or  THinmi 

normal  glands  whose  types  they  follow.  The  acini  usually  have  a  more 
or  tc.ss  well-defined  lumen  and  membrana  propria  (see  Fig.  240).  The 
adenomata  sometimes  merge  into  the  surrounding  tissue,  or  are  con- 

tinuous with  the  gland  tissue  in  which  they  originate;  sometimes  they 



are  distinct  in  outline  and  encapsulated.  The  interstitial  tissue  is  some- 
times abundant,  Bometimes  sparse,  and  may  contain  few  or  many  cells. 

The  irregularities  of  their  growth  often  lead  to  the  stoppage  of  the 
lumina  of  their  ducts  and  the  formation  of  cysts.  They  may  undergo 
mucous  metamorphosis  and  may  become  sarcomatous. 

Adenomata  occur  in  the  mamma,  ovary,  liver,  Itidney,  adrenal, 
thyroid  (Fig.  244),  salivary  and  lachrymal  glands,  and  in  the  caruncle;  in 
the  mucous  membrane  of  the  nose,  pharynx,  stomach,  intestine,  and 

uterus;  and  occasionally  in  the  sebaceous  and  sweat  glands'  of  the  skin 
(Fig.  245).  The  so-called  multilocular  cystomata  of  the  ovary  are 
among  the  mo.st  frequent  of  the  adenomata,  and  not  only  have  a  great 
clinical  importance  but  are  also  interesting  because  of  their  peculiar 

morphology,  which  has  led  some  observers  to  consider  them  of  a  terato- 
logica!  origin,  and  their  power  to  give  rise  to  extensive  transplantation 
metastases  on  the  surface  of  the  peritoneum. 

iFor  a  study  of  swcnt-gtund  ndeaoma  9pe   LatidsleiHrr.  Ziegler'a    Bpilr..  Bd.    xxxix.,   p.   SIB, 
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There  are  numerous  papillary  and  polypoid  growths,  in  gland  ducts 
and  on  mucous  membranes,  in  which  there  is  an  actual  new  formation 
of  gland  epithelium;  but  this  is  usually  secondary  to  a  primary  growth, 
beneath  the  epithelial  layer,  of  Bome  other  tissue,  such  as  fibrous  or 
mucous  tissue,  and  the  new  growth  of  gland  epithelium  simply  keeps 

pace  with  the  growth  of  the  stroma  which  it  covei's.  Such  growths  are 
sometimes  classed  among  the  adenomata,  but  do  not,  strictly  speaking, 
belong  there. 

Many  of  the  adenomata  are  benign  tumors,  being  slow  of  growth 
and  localized,  but  there  are  very  important  exceptions.  Home  of  the 
adenomata  of  the  stomach  and  intestines  belong  to  the  mo.st  malignant 

of  tumors  in  rapidity  of  local  extension,  in  the  formation  of  metastases, 
and  the  development  of  cachexia.  Certain  of  the  adenomata  of  the 
uterus,  mamma,  and  thyroid  are  also  very  malignant.  It  should  be 
remarked,  however,  that,  as  a  rule,  the  malignant  adenomata  are  those 
which,  in  structure,  lie  close  upon  the  border  line  between  tumors  of 
this  class  and  carcinomata  (see  Fig.  246),  and  by  such  observers  as  incline 
to  lay  more  stress  upon  clinical  than  upon  morphological  distinctions  they 
are  usually  classed  among  the  latter. 

n.    CARCinOMA. 

The  carcinomata  are  formed  of  variously  .shaped,  usually  elongated, 
and  often  anastomosing  masses  of  cells  derived  from  epithelium.  These 

epithelial-cell  masses  which  constitute  the  characteristic  and  more  essen- 
tial feature  of  these  tumors  are  surrounded  by  more  or  less  fibrillar 

connective-tissue  stroma  which  carries  the  lilood-vessels  and  may  form 
with  the  tumor  or  may  be,  in  part  at  least,  a  remnant  of  the  tissue  in 
which  the  tumor  is  growing. 
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The  charactrriwtic  epithelial  cclla  of  the  carcinomntii  arc  all  the 
descendants  of  those  in  which  the  tumor  started;  and  while  they  often 
resemble  these  in  type,  they  usually  differ  considerably  from  them  in 

appearance,  owing  to  vicissitudes  of  pressure,  nutrition,  functional  per- 
formance, reversion,  etc.  The  reticular  masses  of  epithelial  cells  are  not 

intermingled  with  the  fibrous  stroma,  but  lie  against  it  in  the  manner 

characteristic  of  epithelium  in  general.  In  sections  of  such  tumors  the 
elongated  cell  musses  are  cut  across  at  various  angles  so  that  the  cells 
frequently  appear  to  be  lying  in  more  or  less  rounded  spaces  which  have 
been  called  alrcoU  (Fig.  241). 

A  groat  practical  difficulty  in  the  description,  and,  to  be^inncn.  in  the  recoKnition, 
of  the  carcinomata  and  their  varieties  lies  in  the  great  diversity  in  iihape  which  their 

cells  present.  It  lihould  he  always  horne  in  mind  that  the  shape  of  cells  depends  in 
part  upon  their  inherited  tendencies  in  growth,  which  we  cannot  see  under  the  micro- 

scope: liut  to  a  (treater  degree  upon  the  varying  conditions  of  nutriment  and  presnure 
in  which  they  are  placed  during  life.  In  the  normal  hody  thwe  conditions  conform 
to  a  certain  standard,  so  that  cells  of  a  given  kind  at  a  given  stage  of  development 
arc  approximately  similar. 

In  tumors,  however,  the  lawlessness  and  lack  of  fixed  conditions  in  growth  are 

such  that  we  may  have  many  j'ouiig  and  atypical  so-called  indifTerent  forms  of  cells; 
20 
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while  eveD  the  adult  forms  may  depart  widely  from  normal  shapes.  Thus,  in  cylin- 
drical-celled carcinomata  there  are  many  fully  developed  cells  which  are  never  cylin- 

drical; there  are  many  others  not  fully  developed  which  are  quite  indifferent  in  form, 
looking  juet  like  many  other  young  cells.  Finally,  there  may  be  in  such  tumors 
Inflammatory  processes  through  which  young  connective-tissue  cells  are  formed,  not 
to  he  distinguished  individually  from  the  atypical  forms  of  epithelium.  Thus  it  is 

that  there  is  no  morphologically  characteristic  "cancercell,'' as  was  formerly  supposed. Some  of  them  are  typical  and  some  not,  and  the  more  typical  may  resemble  normal 
epithelial  cells,  and  the  atypical  may  look  like  young  connective- tissue  cells  or  even 
lymphocytes.  It  is  in  the  topography,  together  with  the  general  characters  of  the 
eelhi  and  the  situation  of  the  growth,  that  we  musi  seek  for  the  evidences  of  the 
nature  of  such  tumors. 

The  tarcinomata  are  very  pmnp  to  local  extension,  the  advancing 
tumor  colls  in  the  periphery  making  their  way  through  the  lymph-spaces 
in  solid  or  more  or  less  tubular  masses  (Fig.  247).     As  the  epifhelial- 

Fici.  a49.-   -Met 

cell  masses  advance  into  the  surroundinf;  parts,  the  latter  may  suffer 

H'sorption  and  disappear,  or  the  connective  tissue  may  adapt  itself  to 
the  encroaching  tumor-cell  masses,  or  new  connective-tissue  stroma 
may  form.  Metastasis  is  of  frei|ucnt  occurrence  in  some  forms  of  car- 

cinoma, and  takes  place  chieHy.  though  not  exclusively,  through  the 

lymph-vessels.  Masses  of  the  new-formed  epithelial  cells  may  fill  and 
distend  the  lymph-vossels  (Fig.  248),  or  detached  cells  or  cell  clusters 
may  be  swept  along  the  lymph-vessels  to  lodge  in  the  next  lymph-nodes 
where  secondary  tumors  may  develop  (Fig.  249).  Mitotic  figures  (Fig. 

250)  are  frequently  abuntlant  in  carcinomata,  but  bear  but  little  numer- 
ical relation  to  the  rate  of  growth  of  the  tumor  as  a  whole. 



mitoses  may  occasionally  be  found  in  slow  growing  tumors.  The  reason 
for  this  seems  to  be  that  the  actual  number  of  mitoses  in  a  tumor  varies 

from  clay  to  day,  so  that  it  is  not  an  infrequent  experience  to  find  an 
enormous  number  of  mitoses  in  a  fragment  excised  for  diagnosis  and 

then  to  discover  only  a  few  in  sections  taken  from  the  same  portion  of 
the  tumor  when  removed  even  twenty-four  hours  after  the  diagnostic 
excision.  The  same  phenomenon  may  be  observed  by  close  study  of  the 
rate  of  growth  of  a  tumor  so  situated  that  its  dimensions  can  be  accurately 
determined.     Periods  of  rapid  increase  alternate  with  stationary  or  even 

The  primarj'  tumor  wns  in  the  liver.     The  Hubpleural  lymphatics  ore  widely  dLslendcJ  with  the  tumor- 

regressive  phases,  a  fact  which  has  led  to  serious  error  in  judging  of  the 
supposed  therapeutic  effects  of  so-called  cancer  cures. 

The  growth  of  the  tumor  cells  in  the  lymph- vessels,  either  in  the 
immediate  vicinity  of  the  original  tumor  or  following  metastasis  in  a  dis- 

tant part  of  the  body,  may  distend  these  so  that  on  free  surfaces  like 
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the  pleura  and  peritoneum  they  form  a  whitish,  elevated  network. 
Transverse  sections  of  such  distended  lymph-vesscIs  are  shown  in  Fig. 
251.  Secondary  tumors  are  in  the  main  similar  in  general  structure  to 

the  primary  foci,  but  may  differ  from  them  in  vascularity  and  the  abun- 
dance of  the  stroma,  or  in  the  shape  of  the  cells.  The  carcinomata  are, 

as  a  rule,  malignant  tumors,  but  the  difTerent  forms  vary  widely  in  this 
respect, 

Carcinomata  are  liable  to  fatty,  gelatinous,  mucous,  and  amyloid 
degeneration,  and  are  especially  prone  to  ulceration  (see  Fig  252),  to 

This  tumor  »  of  Ihr  cpithcUnmatous  type  and  iircHimts  a  largi-.  rouith.  ulrprnlfa  surface. 

haemorrhage  and  inflammation  (Fig.  25U).  They  may  become  partially 
calcified,  and  arc  not  infreijuently  combined  with  other  forms  of  tissue 
in  the  mixed  tumors. 

Thoy  are  more  frequent  in  the  middle-aged  and  elderly  than  in  the 

young,  but  they  may  occur  at  any  age.'  Multiply  primary  carcinomata 
have  been  occasionally  reported.' 

■When  oarcinomata,  either  in  the  primary  or  the  secondary  growths,  extend  aod 
encroach  upon  adjacent  tisKUcs,  they  bring  about  in  greater  or  less  degree  the  destruc- 

tion of  these,  as  we  have  seen,  either  by  pressure  atrophy  or  through  phagocytosis  or 

I  For  a  xIatiBlii'iil  KUmmsr]-  of  ran-inciDia  casr*.  with  bibl.,  arc  Rirclirlmann.  Bcrl.  klio.  Wochen- 
•cbr.,  pp.  728  and  758,  1902;  see  nUu  rpf,  to  BaiJ.for/1  and  Murray,  foot.nol*,  p.  353. 

'  See  Kanhin.  Jour.  Amir.  Sfwl,  Assn..  vol.  xxin.,  p,  063,  1899.  hibl. 
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lyais.  It  frequently  occurs  that  the  tumor  cells  are  closely  apposed  to  or  infiltrate 
epithelial  atructurea  similar  to  those  in  which  the  tumor  originates,  ho  that  one  may 
see  side  by  ride  tumor  epithelium  and  tissue  epithelium  having  an  almost  identical 
appearance.  The  adjacent  tissue  cells  may  also  show  evidence  of  proliferation  in 
mitotic  figures.  These  two  features,  contiguity  and  mitosis,  have  led  many  observers 
to  the  conclusion  that  the  epithelium  adjacent  to  a  growing  tumor  may  assume 
exalted  power  of  proliferation  and  share  in  the  growth  of  the  tumor,  of  which  it  may 

become  a  part.  This  view  is  errooeous,  and  the  student  of  tumors  should  constantly 
remember  that  the  characteristic  cells  of  a  tumor  are  the  direct  de.scendants  of  those 
cells  in  which  the  growth  starts.  For  example,  one  often  see^t,  at  the  edges  of  an 
ulcerating  epithelioma  of  the  skin,  tumor-cell  masses  infiltrating  the  subcutaneous 
tissue  and  in  close  apposition  to  the  cells  of  the  rcte  Malpighii,  the  latter  oft«n  in  a 
condition  of  hyperplasia.  But,  however  close  or  however  intermingled,  in  such  coses 
tumor  epithelium  and  skin  epithelium  are  quite  distinct  in  origin  and  potency. 

Forms  of  Carcinoma. 

In  certain  carcinomata  of  the  akin  and  mucous  membranes,  the  cells, 
following  the  type  of  epithelium  from  which  they  arise,  as  they  grow 
older  are  apt  to  become  flattened  or  squamous;  these  tumors  are  called 

squamous  or  fiat-celled  carcinomata,  or  simply  epilheUomala.  In  another 
class  of  tumors,  such  as  frequently  occur  in  the  gastro-intestinal  canal 
and  uterus,  the  cells  are  more  or  less  cylindrical  in  shape,  forming  a 
pali.%ade-like  lining  to  the  irregular  alveoli;  such  tumors  are  called 
cylindrical-celled  carcinomata,  although  here  again  many  of  the  cells 
are  not  cylindrical  at  all,  but  may  have  a  great  variety  of  forms.  There 
is  a  third  and  very  common  form  of  tumor,  often  derived  from  cuboidal 



epithelium,  in  which  the  tumor  cells  have  no  constant  characteristic 
shape,  but  vary  as  much  as  do  the  cell  forms  in  the  various  glands  of  the 
body.  Such  tumors  are  conveniently  classed  together  as  carcinoma 
simplex. 

In  addition  to  these  forms  there  are  several  others  which  depend  for 
their  characteristics  upon  various  metamorphoses  or  degenerations,  or 
upon  the  preponderance  of  one  or  other  of  the  anatomical  constituents 
of  the  growth,  such  as  gelatinous  carcinoma,  melano-carcinoma,  fibrous 
carcinoma,  etc.  It  will  be  most  convenient  to  give  a  brief  description 
of  these  various  kinds,  one  after  another,  with  the  understanding  that 
they  are  not  specific  forms,  but  are  simply  varieties  which  it  is  convenient 
to  recognize  for  clinical  as  well  as  anatomical  purposes. 

Epithelioma. — These  tumors  occur  in  the  skin  and  in  the  mucous 
membranes  which  are  covered  with  squamous  epithelium.  The  cells 
present  all  of  the  various  forms  which  normally  exist  in  these  parts. 

Fig.  254.— Epitrilioha  of  the  Neck. 
Shows  cpitholinJ  pearls,  spincd  cclh,  anJ  tBtieulat  musses  of  variously  sliaped  epithelial  celb. 

In  order  to  understand  the  various  appearances  which  cpitheliomata 
present  in  microscopic  sections,  one  should  bear  in  mind  the  structural 
and  functional  characters  of  the  normal  squamous  epithelium.  The 
cells  of  the  deeper  layers,  the  rete  Malpighii,  are  cuboidal  and  polyhedral; 
upon  these  are  more  or  less  flattened  cells;  while  upon  the  surface  the  cells 
are  thin  and  in  the  epidermis  are  also  homy.  -Some  of  the  cells  are 
joined  by  the  so-called  " intercellular  bridges "—" spinal  cells,"  "prickle 
cells."  This  epithelium  rests  upon  a  fibrous  basement  substance  from which  its  nutriment  is  derived. 
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The  various  forms  of  the  cell  in  squamous  ppithelium  represent  reg- 
ular phases  of  development  as  the  younger,  more  succulent  cells  beneath 

are  pressed  outward  and  flatten  and  finally  pass  off  upon  the  surface. 
In  epitheliomata  the  cells  have  in  a  measure  the  same  life  history;  but 
as  they  are  no  longer  growing  on  free  surfaces,  but  in  enclosed,  elongated 
spaces,  they  become  packed  in  masses,  the  older  cells  being  forced  toward 
the  centres.  So  that  at  length  there  are  formed  concentrically  arranged 
cell  masses,  which  when  cut  across  present  the  dense  whitish,  lamcllated 

rounded  structures  which  have  been  called  "epithelial  pearls"  (Figs.  254, 
255,  and  256).  These  epithelial  pearls  arc  not  confined  to  these  tumors, 
since  any  lesion  which  involves  the  growth  of  squamous  epithelium 
into  limited  spares  may  lead  to  their  formation.     Nevertheless  their 

:.  255.— Efitheuoua  np  Axilurt    Lthpr-.vode. 

'  nae  awondHo-  to  n  lai«r  epithelioma  of  the  bark  of  the  hnod.     The  smnll 

occurrence  in  doubtful  cases,  as  well  as  the  presence  of  the  intercellular 
bridges  and  marks  of  comification  may  afford  valuable  diagnostic  evi- 

dence of  the  origin  of  a  tumor  in  squamous  epithelium. 

The  new  epithelial -cell  groups  in  epithelioma  may  be  large  or  small, 
may  be  separated  by  much  or  little  stroma;  ihey  often  form  reticular 
ma.sses  (Fig.  257),  and  may  infiltrate  the  tissues  deeply  or  remain  near 
the  surface;  or  they  may  project  above  the  surface,  forming  wart-like 
or  papillary  growths.  These  tumors  frequently  ulcerate  on  the  surface 
(Fig,  252),  and  the  skin  about  them  is  apt  to  become  thickened  (Fig. 
258).  The  actual  thickening  of  the  skin  with  hyperplasia  of  the  papillce 
and  of  the  overlying  epithelium,  as  well  us  the  niising  of  the  skin  at  the 
edges  of  the  ulcer  by  the  tumor  gnnvth  beneath,  lend  to  such  ulcerating 



epitheliomata,  Rspccially  of  the  mucous  membrane,  their  charattorlstic 

appearance. 
Epitheliomata  are  most  apt  to  occur  in  the  skin,  especially  in  those 

parts  in  which  it  becomes  continuous  with  mucous  membranes — lips, 
external  nasal  oponitigs,  eyelids,  labia,  and  glans  penis— and  are  frequent 
in  the  mouth,  (Esophagus,  vagina,  and  about  the  cervix  uteri.  They 
may  develop  in  congenital  nsevi  of  the  skin,  such  as  that  shown  in  Fig. 
259.  This  occurrence  illustrates  a  congenital  local  predisposition  to 
tumor   formation.     Simple   congenital   Mcvi    arc   sometimes   mistaken 

for  epitheliomata  because  of  similarity  in  the  gross  appearance  of  certain 
forms. 

Krompecher  and  others  have  described  tumors  arising  in  the  skin 
and  in  the  mucous  membranes  formed  of  squamous  epithelium,  or  in 

glands  which  open  upon  these,  which  differ  both  clinically  and  morpho- 
logically from  the  epitheliomata  which  are  in  part  formed  from  corni- 

fied  cells.  These  tumors  are  made  up  of  cells  which  resemble  those  of 
the  retc  Malpighii,  or  certain  glands  with  cuboidal  epithelium,  such  as 

the  sweat  glands,  mammary  glands,  etc.  They  have  been  called  based- 

celled  epitheliomata  (see  i'igs.  225  and  260). 
In  this  group  arc  tumors  of  the  face  and  nose  (see  Figs.  261  and  2G2), 

of  the  mamma,  ovary,  and  prostate,  and  perhaps  some  of  the  complex 



tumors  of  the  salivary  glands  which  have  been  called  endothelioma, 
cylindroma,  plexiform  sarcoma,  myxo-sarcoma,  etc. 

In  these  tumors  the  proliferated  basal  cells  form  sometimes  solid 

masses  of  varied  shapes,  sometimes  gland-like  or  cystic  structures  lying 
in  a  connective-tissue  stroma  with  which  they  sometimes  appear  to 
merge,  and  then  resemble  sarcoma.     Various  forms  of  degeneration  of 

The  flnt  tumor  occupied  omrly  the  entire  buck  of  tbe  band,  and  was  ulcerating  (it  the  surface. 
The  figure  8bo»™  the  edge  of  the  tumor  and  B  portion  of  the  ulcer.  The  pspilbe  of  the  BJiiD  over  the 
edge  of  the  gronth  are  hypertniphieJ,  and  the  t«6ue  about  ia  infiltrated  with  amaU  aphoroidal  eetls. 
Fig.  255  shows  n  section  from  a  metastatic  tumor  of  the  axillary  lymph-node  in  this  case.  Thb  lunJot 
presented  the  gmsa  appearance  Ahown  in  the  phutogmphic  reproduction  in  Fig.  252- 
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the  stroma  occur,   and   this   with   metaplasia  and   the  appearance  of 

embryonal  characters  contribute  to  their  complex  character.' 
(Hant-celled  Epithelioma. — Sometimes  certain  of  the  cells  in  an  epi- 

thelioma appear  to  coalesce,  forming  a  large  multinuclear  mass.  This 

variety  of  epithelioma  is  sometimes  called  giant-cell  epithelioma.^  Two 
types  of  giant  cells  may  be  formed  (Figs.  263  ant!  264).  In  one  the 
nucleus  divides  without  corresponding  response  from  the  cell  cytoplasm, 

so  that  a  large  syncytial  mass  is  formed.     In  the  other  a  true  Langhans' 

giant  cell  is  produced,  probably  by  fusion  of  a  number  of  smaller  cells, 

making  a  large  coll  with  p<'ripheraily  arranged  nuclei.  Both  of  these 
phenomena  are  apt  to  occur  chiefly  in  epitheliomata  growing  freely 
through  soft  tissue,  such  as  a  granulating  cervix  uteri  or  an  ulcerating 
epithelioma  of  the  tongue. 

Epitheliomata  are  apt  to  n-cur  if  not  thoroughly  removed,  and  may 
form  metastases,  but  in  general  they  are  the  least  malignant  of  the  car- 
cinomata.  Some  of  the  smaller  forms,  especially  those  of  the  basal-celled 
type,  may  exist  for  years  with  no  evident  tendency  to  growth  (Figs.  261 
and  262). 

Certain  tumors  of  the  retina,  often  classed  with  glioma  and  appar- 
ently arising  from  the  external  layers  of  the  retina,  are  of  ectodermal 

origin  and  are  called  neuro-epitheliomala,  though  they  show  none  of  the 
morphological  characteristics  of  squamous  epithelium. 

Cylindrical -celled  Carcinoma. — The.se  tumors,  closely  allied  to  some 
forms  of  adenoma  (sec  Fig.  246),  occur  in  the  stomach,  intestines,  and 
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uterus.  The  cells  may  be  only  in  part  cylindrical,  the  remainder  having 
various  shapes,  and  all  being  loosely  or  closely  packed  in  larger  or  smaller 

alveoli.  They  may  have  much  or  little  stroma.  They  merge  impercep- 
tibly into  the  next  class,  though  rarely  the  two  forms  may  exist  simul- 

taneously in  the  same  organ  and  form  separate  metastases  in  the  neigh- 
boring lymph-nodes. 

Cardnoma  Simplex. — These,  which  are  by  far  the  most  frequent  of 
the  carcinomata  of  internal  parts,  are  characterized  by  irregular  anas- 

tomosing masses  of  epithelial  cells,  sometimes  solid,  sometimes  with 

interior  spaces  recalling  the  lumina  of  glands;  all  enclosed  by  a  more  or 
less  abundant  fibrillar  stroma.  The  epithelial  cells  have  no  uniform 
shape  but  may  be  cuboidal,  polyhedral,  spheroidal,  or  fusiform,  and  are 
often  so  merged  that  they  resemble  a  nucleated  mass  of  cytoplasm  rather 
than  an  aggregate  of  cells  (Fig.  265).  They  not  infrequently  undergo 
degeneration  and  softening,  which,  if  on  the  surface,  may  lead  to  ex- 

tensive ulcers.  The  cells  may  or  may  not  resemble  the  epithelium  of 
the  gland  in  which  they  originate. 

They  are  usually  nodular  tumors,  and  may  be  hard  or  soft.  If  the 

new-formed  stroma  is  abundant  and  dense,  and  preponderates  over  the 
cellular  elements,  the  tumor  is  usually  hard  and  is  called  sdrrhua  or 

fibro-carcinoma  (Fig.  266). 
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If,  on  the  other  hand,  the  cellular  elements  largely  preponderate, 

the  tumor  is  usually  soft,  and,  if  it  do  not  contain  too  many  blood-ves- 
sels, may  have  a  general  resemblance  to  brain  tissue,  and  is  then  called 

encephaloid  or  medullary  cancer;  or,  better,  carcinotna  nwlle  (Fig,  241), 
These  are  among  the  most  malignant  of  the  carcinomata. 

The  intercellular  tissue  in  carcinomata  may  become  so  abundant 
as  nearly  to  obliterate  the  cellular  elements,  but  it  is  doubtful  if  they 

ever  undergo  spontaneous  cure  in  this  way.  They  may  be  hard  in  one 

portion  and  soft  in  anothtjr.  Thc^y  may  contain  many  blood-vessels, 
C.  lelangicctoides.  They  occur  as  primary  tumors  especially  in  the 

mamma,  gastro-intestinal  tract,  liver,  kidney,  pancreas,  thyroid,  and 
prostate  glands,  occasionally  in  the  testicle  and  ovary,  and  very  rarely 
in  the  salivary  glands. 

Gelatinous  Carcinoma. — The  cells  of  certain  carcinomata,  especially 
of  the  gastro-intestinal  canal  and  surface  of  the  peritoneum,  may  develop 

s  translucent  gelatinous  material  whose  nature  is  not  well  understood, 
which  accumulates  within  the  cells.'  In  some  cases  this  accumulation 
is  moderate  when  the  protoplasm  of  the  cells  may  be  more  or  less  en- 

croached upon  by  the  translucent  droplets  of  the  gelatinous  material; 
but  in  other  cases,  over  large  areas  the  cells  are  partially  or  entirely 
destroyed,  and  replaced  by  the  new  material,  so  that  the  alveoli  of  the 

'  These  tumors  nreoflen  eallcJ  "rolloid  cancels,"  but  the  znateriol  which  chBracleriiea  tbem  bnot 



Fio.  263.— Gmnt  CiLia  ii 



tumor  are  distended  by  it,  and  their  walls  appear  very  distinct  in  the 
midst  of  the  gelatinous  sutetance  (Fig.  267).  In  such  cases  the  alveolar 
Btructure  of  the  tumor  is  sometimes  very  evident  to  the  naked  eye,  and 

these  tumore  are  iheiefore  often  tailed  alveolar  carcinoma.     Sometimes 
only  a  part  of  the  tumor  is  affected  in  this  way. 

Cardnoma  Myzomatodes. — The  cellular  elements  of  carcinomata  may 
suffer  mucous  softening,  ami  thus  larger  and  smaller  cysts  containing  a 

s  Cahcihoka). 

i  fluid  are  sometimes  formed.  To  this  type  of  metamorphosed 
tumor  the  above  name  is  sometimes  applied,  but  it  more  properly  belongs 
to  carcinomata  in  which  the  stroma  is  composed  of  mucous  tissue  (Fig. 
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268).     Such  tumors  are  most  froquontly  found  in  the  gastro-intestinal 
canal  and  mamma. 

Melano-cardnoma.— Tumors  of  this  class  are  rare,  and  are  charac- 

terized by  the  presence  of  a  variable  quantity  of  black  or  brown  pigment 

particles  either  in  the  stroma  or  in  the  cells.  They  are  usually  soft  and 

malignant,  and  most  frequently  occur  in  the  skin. 

MoLLuscuii  roxTAGiOBi'M  is  the  dpsiRnation  of  .small  soft  multiple  growths  of  the 
skin,  most  frequent  on  the  face,  arms,  and  chenl,  and  on  the  external  genital  organs. 
They  are  lobulateU  and  contain  cells  similar  to  those  of  the  rete  Mal|iiRhii,  Within 
the  cells  and  crowding  the  nucleus  to  one  side,  or  free  among  the  cells,  are  rounded  or 
ovoid  bodies  which  are  believed  by  many  to  l)e  protozoan  parasites. 

Au.^MANTi.N'OMA  iCystadenoma  adamantinum:  Epithelioma  adamantinum).— 
This  group  of  tumors  is  of  occasional  occurrence  in  the  jaws  either  on  the  surface 
beneath  the  mucous  membrane,  or  in  the  depth  of  the  l>one.     They  ap|)car  to  be 

derived  from  the  enamel  organs  of  developing  teeth.  They  are  freijuenlly  cystic 
from  the  softening  and  absorption  of  their  tissues,  and,  while  in  general  benign,  may 
infiltrate  the  jaw,  inducing  its  atrophy.  They  are  most  apt  to  form  during  the  period 
of  development  of  the  teeth.  They  consist  in  general  of  a  fibrillar  connective- tissue 

stroma  in  which  ramify  irregular  and  complex  masses  of  epithelial  cells  (see  l''ig.  21)0). 
These  epithelial-oell  masses  are  made  up  of  rows  of  cylindrical  cells  or  of  superimposed 
layent  of  cylindrical,  polyhedral,  and  flattened  cells.  Frei[Uently  those  lameike  of 
epithelial  cells  enclose  a  central  ma.ss  of  branching  cells.     The  situation  of  these 
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tumors,  their  period  of  formation,  and  the  reiieniblance  of  (be  structure  to  that  in 
various  phases  of  the  evolution  of  the  enamel  organ,  indicate  their  origin  in  some 
abnormality  in  the  development  of  the  («eth.  There  is  frequently  a  recurrence  after 
the  removal  of  these  tumors,  and  the  growth  may  become  si 

Bibliogmphj  of  Tiimore. 

ive  and  important  work  on  tumors,  containing  a  vast  store  of  informa- 

tion. Is  that  of  Rudolph  Virchow.  "Die  krakhaften  (ieschwuLsle. "  It  ia  not  com- 
pleted and  is  old,  but  \b  still  invaluable  as  a  worh  of  reference.  A  valuable  bibliogra- 

phy and  digest  of  recent  observations  on  tumors  will  be  found  In  ZUgler's  "  Lehrbuch 
der  path.  Anat.,"  Bd.  i.,  last  edition.  An  important  riaume  on  the  malignant  tumors 
in  childhood,  by  Stern,  may  be  found  in  the  Deutsche  nied.  \\ochenschrift,  June  2d, 

1892,  p.  494,  "An  Introduction  to  General  Pathology,"  by  Sutton,  contains  many 
suggestive  facts  about  tumors,  drawn  from  comparative  pathologj-.  Current  addi- 

tions to  the  subject  may  be  found  in  the  files  of  Lubarschand  (.)stertag's  "Ergebnisse." 
^ee  particularly  Lubarsch,  Jahrg.  1,  p.  289,  for  a  comprehensive  summary;  also  for 

newer  bibliography  to  1899.  Aachoff,  Jahrg.  5,  for  1898,  p.  73.  Bomfa  "Lehre  v.  d. 
Ge.schwilL^ten,"  1902,  is  a  valuable  work  with  many  excellent  illustrations  and  bibli- 

ography; as  is  also  RitAcrl's  "(icsehwuUtlehre,"'  1904. 

iS«torar^™n.^an(lbibl,  of  those  lumoiT' Oifcrd.An-h.de  mliif.  psp..  I,  vi..  18B^,  p.  2T8:  also 



CHAPTER  XII. 

THE  LESIONS  INDUCED  BY  POISONS. 

Forms  of  Poisons. 

A  POISON  has  been  commonly  considered  to  be  a  substance  which 
when  introduced  into  the  body  from  without  is  capable  of  inducing,  by 
means  other  than  mechanical,  pathological  alterations  of  function  or 

structure,  or  both.  But  this  conception  of  poisons  as  extraneous  pre- 
formed substances  has  recently  been  greatly  modified.  For  it  has  been 

learned  that  poisons  may  be  formed  within  the  body,  either  through  the 

action  of  micro-organisms  upon  its  organic  constituents  or  through  the 
metabolism  of  the  body-cells  themselves. 

It  is  thus  convenient  in  considering  the  lesions  induced  in  the  body 

by  poisons-atoxic  lesions — to  place  in  one  group  those  due  to  preformed 
extraneous  poisons — exogenous  poisons — and  in  another  group  those  due 
to  substances  formed  within  the  body — endogenous  poisons. 

It  has  furthermore  been  found  convenient  to  make  three  classes  of 

the  endogenous  poisons:  First,  those  w^hich  are  formed  under  the  in- 
fluence of  micro-organisms  in  the  course  of  the  acute  infectious  diseases 

and'  whose  effects  are  most  appropriately  studied  in  that  connection; 
these  may  be  called  endogenous  poisons  of  infectious  origin;  second,  those 
which  are  formed  under  the  influence  of  micro-organisms  in  the  gastro- 

intestinal canal  or  elsewhere  and  absorbed  into  the  body  fluids;  third, 

those  which  arc  formed  by  the  metabolism  of  the  body-cells  themselves. 
To  endogenous  poisoning  induced  by  either  of  the  latter  two  classes 

of  agents  the  term  auto-intoxication  has  been  most  commonly  and  most 
appropriately  applied. 

As  we  have  already  studied  the  toxic  lesions  of  the  infectious  diseases, 
we  have  only  to  consider  here: 

P'irst,  the  lesions  induced  by  preformed  or  extraneous  poison — 
exogenous  poisons;  and  second,  those  due  to  the  endogenous  poisons  which 
arc  concerned  in  the  so-called  auto-intoxication.^ 

The  Lesions  Induced  by  Exogenous  Poisons.^ 

Sulphuric  Acid. 

The  effects  of  this  poison  vary  with  the  amount  taken  and  with  its  strength. 
Death  usually  occurs  in  from  two  to  twenty-four  hours  after  the  ingestion  of  the  con- 

*  The  limitation  of  the  term  auto-intoxication  as  it  is  here  used  is  adopted  from  Martius,  who  has 
writt^^n  most  clearly  and  suKgostively  upon  the  subject.  Ji^ec  Martius,  '*Pathogene8e  inncrcr  Krank- 
heiten,"  Hefte  i.  and  ii.,  1S99-19()0. 

2  For  special  precautions  to  be  taken  in  the  post-mortem  examination  in  cases  of  suspected  poison- 
ing see  p.  1022. 
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centrated  acid.  A  case  of  death  within  an  hour  is  recorded.  When  the  poison  is  less 
concentrated  or  its  effects  are  less  intense,  the  patient  may  survive  for  months. 

The  skin  of  the  face  about  the  mouth  may  be  blackened  and  charred  by  the  acid. 
The  mouth  and  pharynx  are  of  a  grayish  or  blackish  color,  or  are  covered  with  a 

whitish  layer,  while  the  deeper  tissues  are  reddened.  Sometimes  these  regions  escape 
the  action  of  the  poison. 

The  larynZj  trachea,  and  lungs  are  sometimes  softened  and  blackened  by  the  acciden- 
tal passage  of  the  acid  into  them.  This  may  take  place  even  when  the  acid  does  not 

pass  into  the  oesophagus. 
The  oesophagus  seldom  escapes.  It  is  colored  grayish  or  blackish,  softened,  and 

the  mucous  membrane  comes  off  in  shreds.  If  life  is  prolonged,  cicatrices  and  stric- 
tures are  formed.  The  stomach  may  contain  a  blackish,  pulpy  fluid,  due  to  the  action 

of  the  acid  on  mucus,  blood,  etc.  It  is  coated  on  its  internal  surface  with  a  black^ 
sticky  layer,  beneath  which  the  mucous  membrane  is  reddened.  The  mucous  mem- 

brane may  be  blackened  in  patches  or  stripes.  The  organ  may  be  contracted  and  the 
mucous  membrane  corrugated.  Sometimes  perforation  takes  place  and  the  acid 
blackens  and  softens  the  adjoining  viscera.  In  protracted  cases  cicatrices  are  formed 
and  the  organ  is  contracted.  If  the  poison  is  dilute  there  may  be  only  the  lesions  of 
chronic  gastritis. 

The  blood  is  sometimes  thickened,  syrupy,  acid,  and  may  form  thrombi  in  the 
vessels. 

Fatty  degeneration  of  the  renal  epithelium  is  mentioned  by  some  authors. 
The  body  may  be  partially  preserved  from  decomposition,  owing  to  the  action  of 

the  acid  upon  the  tissues. 
The  solution  of  indigo  in  sulphuric  acid,  commonly  known  as  sulphate  of  indigo, 

produces  the  same  lesions  as  sulphuric  acid,  and  also  stains  the  tissues  with  which  it 
comes  in  contact  a  dark-blue  color.  It  is  stated  that  an  indigo-blue  tint  is  often 
found  in  the  mucous  membranes  after  poisoning  by  pure  sulphuric  acid. 

Nitric  Acid. 

Death  may  occur  very  soon  after  the  taking  of  the  poison,  but  is  not  usual  until 
the  lapse  of  several  hours,  and  may  not  ensue  for  several  days  or  weeks. 

The  surface  of  the  mucous  membrane  of  the  mouth,  pharynx,  and  oesophagus  is 
covered  with  yellow  eschars  wherever  the  acid  has  touched  it.  Beneath  and  around 
the  eschars  the  tissues  are  congested  and  red.  The  poison  may  reach  the  oesophagus 
without  acting  on  the  mouth.  The  stomach  contains  a  viscous,  sanguinolent,  yellow 
or  greenish  fluid.  The  mucous  membrane  is  congested,  red,  swollen,  softened,  and 
ecchymotic.  It  is  rarely  perforated.  The  duodenum  may  be  inflamed,  and  the  inflam- 

mation extend  to  its  peritoneal  coat.  The  rest  of  the  intestines  usually  escapes  the 
action  of  the  acid. 

The  larynx  is  very  frequently  acted  on  by  the  acid.  There  are  yellow  eschars, 
congestion  and  swelling  of  the  mucous  membrane,  sometimes  oedema  of  the  glottis. 
The  trachea  may  be  inflamed  and  the  lungs  congested. 

If  the  patient  survive  the  first  effects  of  the  poison,  chronic  inflammation,  cicatriza- 
tion, and  contraction  may  occur. 

The  acid  nitrate  of  mercury,  if  taken  in  a  concentrated  form  into  the  stomach,  may 
induce  the  same  lesions  as  nitric  acid. 

Hydrochloric  Acid. 

In  fatal  cases  death  occurs  on  the  average  in  about  twenty-four  hours.  The  lesions 
are  in  general  similar  to  those  produced  by  sulphuric  and  nitric  acids,  except  that  the 
eschars  are  usually  of  a  whitish  color  at  first,  becoming,  after  a  time,  discolored  and 
disintegrated.  It  is  also  more  common  to  find  false  membranes  on  the  inflamed 
surfaces. 
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Oxalic  Acid. 

In  fatal  cases  death  may  occur  within  ten  minutes  (in  one  case  it  occurred  in  three 
minutes)  or  it  may  b^  delayed  for  two  or  three  weeks.  The  period  of  death  does  not 
depend,  as  do  in  general  the  symptoms,  upon  the  amount  and  concentration  of  the 

poison. 
The  mucous  membrane  of  the  mouthy  pharynx,  and  cesophagus  is  usually  white  and 

shrivelled,  and  easily  peeled  off,  and  may  be  covered  with  brownish  vomit  from  the 
stomach.  The  oesophagus  may  be  much  contracted.  The  stomach  is  usually  contracted 
and  contains  a  dark-brown,  acid,  mucous  fluid.  The  mucous  membrane  of  the 
stomach  may  be  pale,  soft,  and  easily  detached,  sometimes  looking  as  if  it  had  been 
boiled  in  water.  Sometimes  it  is  red  and  congested;  sometimes  blackened  and  gan- 

grenous; sometimes  peeled  off  in  patches.  Perforation  is  of  rare  occurrence.  If  life 
be  prolonged  the  whitened  condition  of  the  mucous  membrane  is  succeeded  by  con- 

gestion and  inflammation.  The  small  intestines  may  be  inflamed.  Inflammation  of 
the  pleura  and  peritoneum,  and  congestion  of  the  lungs  are  of  occasional  occurrence. 
In  some  cases  of  death  from  oxalic  acid  there  are  no  well-marked  lesions. 

Potassium  oxalate  produces  the  same  lesions  as  oxalic  acid. 

Tartaric  Acid. 

This  acid  is  seldom  used  as  a  poison,  but  in  large  doses  may  prove  fatal.  The 
lesions  in  the  cases  observed  were  redness  and  inflammation  of  the  mucous  membrane 

of  the  gastro-intestinal  canal. 

Potash,  Soda,  and  their  Carbonates. 

These  substances  are  not  commonly  used  as  poisons  with  suicidal  or  homicidal 
intent,  but  may  be  taken  by  mistake.  They  may  cause  death  in  a  few  hours,  or  life 
may  be  prolonged  for  several  weeks. 

The  mucous  membrane  of  the  mouth,  pharynx,  oesophagus,  and  stomach  is  softened, 
swollen,  congested,  and  inflamed,  or  may  be  peeled  off.  It  may  be  blackened  from 
local  changes  in  the  blood.  The  mucous  membrane  of  the  larynx  and  trachea  may  also 
be  swollen  and  inflamed. 

If  life  is  prolonged  for  some  time,  cicatrices  and  strictures  of  the  oesophagus  and 
stomach  are  apt  to  be  produced  as  a  result  of  the  reparative  inflammation. 

Ammonia. 

The  vapor  of  strong  ammonia  may  cause  death  from  inflammation  of  the  larynx 
and  air  passages.  The  strong  solution  of  ammonia  produces  lesions  similar  to  those  of 
potash  and  socja.  The  larynx,  trachea,  and  bronchi  are  frequently  inflamed,  and  may 
be  covered  with  false  membranes.  Fatal  inflammation  of  the  rectum  and  colon  has 

been  produced  by  an  enema  of  strong  solution  of  ammonia. 

Potassium  Nitrate. 

Accidental  poisoning  sometimes  occurs  from  large  doses  of  this  salt.  In  the 
observed  cases  there  were  intense  congestion  and  inflammation  of  the  stomach  and 
intestines,  and  in  one  case  a  small  perforation  of  the  stomach  existed. 

For  the  effects  of  several  infrequently  employed  salts  of  the  alkalies  and  alkaline 
earths,  which  for  the  most  part  produce  simple  inflammation  of  the  gastro-intestinal 
canal,  we  refer  to  special  works  on  toxicology. 

Phosphorus. 

Poisoning  by  phosphorus  is  much  more  common  in  France  and  Germany  than  in 
this  country.     Some  of  the  forms  of  rat  poison,  of  which  this  is  a  frequent  ingredient, 
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and  the  ends  of  matches,  are  common  media  for  its  administration.     It  is  more  often 
used  with  suicidal  than  with  homicidal  intent. 

The  post-mort<?m  appearances  vary  according  to  the  length  of  time  which  elapses 
before  death,  which  may  be  from  a  few  hours  to  several  months. 

If  death  takes  place  in  a  few  hours  the  only  lesions  may  be  those  produced  by  the 
direct  local  action  of  the  poison.  The  mouth,  pharynx,  and  oesophagus  usually 
escape.  The  stomach  may  be  only  slightly  reddened,  or  there  may  be  patches  of 
inflammation  and  erosion.  The  content*;  of  the  stomach  are  often  mixed  with  blood 

and  may  have  the  peculiar  smell  of  phosphorus.  There  may  be  little  bits  of  wood 
present  when  the  poison  has  been  taken  from  the  heads  of  lucifer  matches.  It  is 
said  that  the  mucous  membrane  of  the  stomach  may  emit  a  phosphorescent  light  in 
the  dark. 

If  death  does  not  ensue  until  after  several  days  the  lesions  are  more  marked.  The 
body  is  usually  jaundiced.  There  may  be  ecchymoses  beneath  the  pericardium, 
pleura,  and  peritoneum,  in  the  lungs,  the  kidneys,  the  bladder,  the  uterus,  the  muscles, 
and  the  subcutaneous  connective  tissue,  and  bloody  fluid  in  the  visceral  cavities. 

Chromatolysis  of  the  ganglion  cells  may  occur. 
The  heart  and  voluntary  muHcles,  the  walls  of  the  blood-vessels,  and  the  epithelium 

of  the  pulmonary  air  vesicles  may  be  in  the  condition  of  fatty  degeneration.  The 
blood  is  usually  dark  and  fluid. 

The  stomach  sometimes  presents  no  very  striking  changes.  There  may  be  small 
circumscribed  spots  of  inflammation,  erosion,  or  gangrene,  and  occasionally  perfora- 

tion. The  most  constant  change  is  albuminous  and  fatty  degeneration  of  the  cells 
which  line  the  gastric  follicles.  In  consequence  of  this  the  mucous  membranes  appear 
thickened,  opacjue,  of  whit«,  gray,  or  yellow  color.  The  small  intestine  appears  normal 
or  is  congested. 

The  liver  is  found  in  diff'erent  degrees  of  albuminous  and  fatty  degeneration,  and  is 
often  stained  yellow  from  the  jaundice.  It  is  usually  increased  in  size  and  of  a  gray- 

ish-yellow or  light-yellow  color,  unless  stained  by  the  bile.  Less  frequently  the  centres 
of  the  acini  are  congested,  or  the  entire  liver  is  congested,  or  there  are  small  hemor- 

rhages in  the  liver  tissue.  The  liver  may  be  soft,  flabby,  and  smaller  than  normal. 
In  the  interstitial  tissue  of  the  liver  and  along  the  branches  of  the  portal  vein  there 
may  be  marked  infiltration  with  small  spheroidal  cells. 

The  kidneys  often  present  albuminous  and  fatty  degeneration  of  the  epithelium. 
The  mesenteric  lymph-nodes  may  be  soft  and  swollen  from  hyperplasia. 

Arsenic. 

This  poison  is  very  freciuently  employed  with  suicidal  intent.  Death  may  occur 
in  a  longer  or  shorter  time  from  the  direct  irritative  effects  of  the  poison  upon  the 
gastro-intestinal  canal,  with  the  symptoms  which  usually  accompany  the  ingestion  of 
irritant  poisons;  or  it  may  occur  with  symptoms  of  collapse,  or  coma,  or  shock;  or  the 
symptoms  may  resemble  those  of  cholera.  The  average  time  of  death  in  acute  fatal 
cases  is  about  twenty  hours,  but  death  has  occurred  in  twenty  minutes  and  has  been 
postponed  for  two  or  three  weeks. 

The  mouth,  pharynx,  and  cesophagus  may  be  inflamed,  but  are  more  fre(iuently 
unaltered.  The  stomach  may  be  empty  or  contain  mucus  mixed  with  blood.  The 
arsenic,  in  substance,  may  be  found  adherent  to  the  mucous  membrane  or  mixed  with 
the  contents  of  the  organ.  It  has,  in  rare  cases,  been  found  encysted  in  the  stomach 
in  considerable  (piantity.  When  invisible  to  the  naked  eye  a  microscopical  examina- 

tion of  the  stomach  contents  will  not  infrequently  reveal  characteristic  crystals  of 
arsenious  acid  or  .some  of  its  compounds.  The  stomach  may  be  contracted  and  its 
mucous  membrane  corrugated.  The  entire  inner  surface  may  be  red  and  inflamed, or 
there  may  be  patches  or  streaks  of  inflammation  or  deep  congestion.  The  inflamed 
and  congested  patches  may  be  thickened  and  covered  with  false  membrane  mixed 
with  larger  and  smaller  particles  of  masses  of  the  poison.  Ulceration,  perforation,  and 
gangrene  are  rare.  Blood  may  be  extra va^sated  into  the  mucosa  and  submucosa,  and 
with  the  congestion  give  the  mucous  membrane  a  very  dark-red  or  brown  appearance. 
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Frequently  the  mucous  membrane  is  studded  with  small  petechiae.  Sometimes  the 
arsenic  is  converted  in  the  stomach  into  the  yellow  sulphid.  There  may  be  acute 

gastritis,  even  when  the  poison  is  absorbed  by  the  skin  or  othen^'ise  and  not  introduced 
into  the  stomach.  The  epithelium  of  the  gastric  glands  may  undergo  granular  and 
fatty  degeneration. 

The  entire  length  of  the  intestine  may  be  congested  and  inflamed,  but  the  action  of 
the  poison  does  not  usually  extend  beyond  the  duodenum.  In  some  cases  the  solitary 

lymph-nodules,  Peyer's  patches,  and  the  mesenteric  nodes  are  swollen.  Inflammation  of 
the  bladder  and  peritoneum,  and  congestion  and  cedema  of  the  brain,  have  been  ob- 

served, but  are  neither  frequent  nor  in  any  way  characteristic.  Fatty  degeneration 
of  the  muscles  J  livery  kidneys,  blood-vessels,  and  vesicidar  epithelium  of  the  lungs  and 
chromatolysis  of  the  ganglion  cells  may  follow  arsenical  poisoning. 

Alterations  in  the  spinal  cord  indicative  of  acute  myelitis  have  been  described  by 

Popon*  as  occurring  in  dogs  poisoned  with  arsenious  acid. 
The  walls  of  the  stomach  and  intestines  and  other  parts  of  the  body  may  be  pre- 

served from  decomposition  for  a  long  time  after  death  by  arsenical  poisoning. 
It  should  always  be  borne  in  mind,  in  examining  ca.ses  of  suspected  arsenical 

poisoning,  that  death  may  l>e  produced  by  arsenic  and  its  compounds  without  any 
appreciable  lesions.  While  in  general  it  may  be  said  that  in  the  cases  in  which  no 
lesions  are  discovered  death  has  probably  occurred  soon  after  the  ingestion  of  the 
poison,  it  should  be  remembered  that  death  without  lesions  may  exceptionally  take 
place  long  after  the  usual  time  at  which  inflammatory  changes  commence. 

Compounds  of  arsenic,  such  as  the  chlorid  and  sulphid,  and  the  arsenite  (Scheele's 
green,  Paris  green),  are  sometimes  used  for  suicidal  purposes,  and  produce  lesions 
similar  to  those  of  arsenious  acid.  Paris  green  is  a  favorite  article  in  New  York,  par- 

ticularly among  Germans,  for  suicidal  purposes.  It  is  usually  taken  in  considerable 

quantities,  and  is  often  found  in  the  stomach  after  death.' 

Corrosive  Sublimate. 

The  mucous  membrane  of  the  mouth  and  throat  may  be  swollen,  inflamed,  or  have 
a  grayish  white  appearance.  The  (esophagus  may  be  swollen  and  white,  or  congested, 
or  unaltered.  The  mucous  membrane  of  the  stomach  is  usually  congested  or  inflamed, 
or  there  may  be  patches  of  softening,  ulceration,  or  gangrene.  Perforation  is  of  rare 
occurrence.  Small  ecchymoses  in  the  mucosa  are  not  uncommon.  Sometimes  there 
is  little  or  no  change  in  the  stomach.  Sometimes  the  mucous  membrane  of  the  stom- 

ach is  slate-colored  from  the  deposition  of  metallic  mercury  from  the  decomposed 
salt.  The  intestines  may  appear  normal,  or  there  may  be  patches  of  congestion  and 
ecchymosis.     The  larynx  and  trachea  may  be  congested. 

The  kidneys  are  congested,  there  is  albuminous  and  fatty  degeneration  and  necro- 

sis of  the  epithelium,  especially  of  Henle's  loops  and  the  convoluted  tubules.  The 
epitheHum  may  desquamate  and  block  the  tubules.  The  glomeruli  are  not  obviously 

involved.  Calcification  may  follow  the  degeneration  and  necrosis  of  epithelium' 
(Fig.  30). 

Lead. 

The  different  preparations  of  lead  may  prove  fatal  either  from  the  immediate 
effect  of  large  doses  or  from  the  gradual  effects  of  repeated  small  doses,     .\lthough 

^  Popon,  "Ueber  die  Veranderungen  im  RUckenmarke  nach  Vergiftung  mit  Arsen,"  etc.,  Virch. 
.\rch.,  Bd.  xciii.,  p.  351. 

'  It  is  advisable,  in  cases  of  suspected  arsenic  poisoning,  particularly  if  the  body  has  lain  for  some 
time,  as  in  exhumations,  to  preserve  not  only  all  of  the  internal  organs  entire  for  the  chemist,  but  also 
portions  of  the  muscles  (back,  thigh,  arm,  and  abdomen),  and  also  one  of  the  long  bones,  preferably 
the  femur,  since  arsenious  acid  and  its  compounds  are  quite  diffusible,  and  may  be  present  in  proportion- 

ately larger  quantity  in  other  part^  than  in  the  gaatro-intestinal  canal.  It  Is  desirable  to  save  the  whole 
of  the  internal  organs,  and  to  weigh  the  muscle  and  bones  as  well  as  the  whole  body  at  the  autopsy, 
in  order  that  the  calculations  of  the  chemist,  in  case  arsenic  be  found,  may  rest  upon  a  definite  basis, 
and  be  as  little  as  possible  dependent  upon  estimates,  whose  value  may  be  questioned  by  lawyers  should 
the  case  come  into  the  courts. 

•A.n  interesting  article  on  arsenic  as  a  poison,  with  various  collateral  data  by  Pellew,  will  })e  found  in 

Hamilton's  "System  of  Legal  Medicine."  vol.  i.,  p.  349. 
'  For  studies  on  the  action  of  sublimate  on  the  kidneys  see  ref.  footnote,  to  Xeuherger  and  to  Elbe, 

p.  753.     See  also  Mouiaset  and  Mouriquind,  Jour,  de  phys.  et  path.  gen.,  t.  viii.,  p.  292,  1906. 
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there  may  be  marked  symptoms  during  life,  the  post-mortem  lesions  are  few  and 
variable. 

There  may  be  chromatolysis  of  the  ganglion  cells. 
Large  doses  may  produce  acute  gastritis,  and  sometimes  a  whitening  of  the  mucous 

membrane.  The  intestines  are  generally  contracted,  and  there  may  be  fatty  degene- 
ration of  the  renal  epithelium ;  very  frequently  there  are  no  appreciable  lesions. 

In  chronic  lead  poisoning  the  intestines  may  be  contracted,  the  voluntary  muscles 
flabby  and  light-colored,  or  partially  replaced  by  connective  tissue,  and  there  may  be 
chronic  meningitis. 

Copper. 

Acute  poisoning  by  salts  of  copper  is  not  very  common,  but  it  is  of  occasional 
accidental  occurrence,  and  the  salts  are  infrequently  used  with  suicidal  intent.  The 
sulphate  and  acetate  are  the  most  important  salts  in  this  respect.  Soluble  salts  of 
copper  may  be  formed  in  the  use  of  copper  cooking  utensils,  and  accidents  most  fre- 

quently occur  in  this  way. 
The  post-mortem  appearances  are  somewhat  variable.  The  pharynx  and  oesopha- 
gus may  be  somewhat  inflamed  or  unchanged.  The  mucous  membrane  of  the  stomach 

and  intestines  may  be  inflamed,  ulcerated,  or  gangrenous,  and  perforation  and  perit- 
onitis may  occur.  The  mucous  membrane  may  have  a  diflf use  greenish  color,  or  par- 

ticles of  the  salt  may  be  found  adhering  to  it. 

Tartar  Emetic. 

This  preparation  of  antimony  may  prove  fatal  when  administered  in  a  single  large 
dose  or  in  repeated  small  doses.  The  post-mortem  lesions  are  not  constant.  In  cases 
of  chronic  poisoning  there  are  usually  no  appreciable  lesions. 

In  cases  of  acute  poisoning  there  may  be  evidence  of  acute  inflammation  of  the 
cesophcigus,  stomach,  intestines,  and  peritoneum.  Sometimes  the  stomach  exhibits  no 
lesions,  while  the  intestine  is  involved.    The  larynx  and  lungs  may  be  deeply  congested. 

Vegetable  Irritants. 

Aloes,  colocynth,  gamboge,  jalap,  scammony,  savin,  croton  oil,  colchicum,  veratria, 
hellebore,  elaterium,  and  turpentine. 

All  these  drugs  may  produce  poisonous  effects.  The  post-mortem  lesions  are  con- 
gestion, inflammation,  and  sometimes  ulceration  of  the  gastro-intestinal  mucous 

membrane;  but  these  lesions  are  sometimes  present  and  sometimes  absent. 

Cantharides. 

This  substance  may  be  given  in  powder  or  tincture.  The  entire  length  or  only  a 
portion  of  the  alimentary  canal  may  be  congested  or  inflamed.  There  may  be  patches 
of  gangrene  of  the  mucous  membrane  of  the  stomach.  When  the  poison  has  been 
taken  in  substance  a  microscopical  examination  of  the  contents  of  the  alimentary 
canal  or  of  the  mucous  membrane  may  reveal  the  glistening  green  and  gold  particles 
of  the  fly. 

The  kidneys,  ureters,  and  bladder  may  be  congested  and  inflamed.  There  is  some- 
times congestion  of  the  brain  and  its  membranes. 

Opium  and  Morphin. 

The  post-mortem  appearances  in  persons  who  have  died  from  opium  or  morphin 
poisoning  are  inconstant  and  not  characteristic.  Congestion  of  the  brain  and  its 
membranes,  with  serous  effusion  in  the  membranes  and  ventricles,  and  congestion  of 
the  lungs,  are  changes  occasionally  seen,  but  they  are  frequently  entirely  absent,  and 
when  present  are  not  characteristic  of  death  from  this  poison. 
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Poisonous  Fungi. 

The  action  of  these  substances  varies  greatly,  and  the  post-mortem  appearances 
are  inconstant  and  not  characteristic.  In  general,  when  any  lesions  are  present  they 
are  those  of  gastro-intestinal  irritation  or  of  venous  congestion,  or  both. 

Microscopical  examination  may  reveal  characteristic  fragments  of  fungi  in  the 
contents  of  the  alimentary  canal. 

Hydrocyanic  Acid. 

This  poison  in  fatal  doses  may  destroy  life  in  a  ver>'  short  time.  The  post-mortem 
appearances  are  inconstant  and  not  characteristic.  The  skin  may  be  livid  and  the 
muscles  contracted.  The  stomach  may  be  congested  or  normal.  The  most  frequent 

internal  appearances  are  those  of  general  venous  congestion.  Under  favorable  condi- 
tions the  odor  of  prussic  acid  may  be  detected  in  the  stomach  or  blood  or  brain,  or 

other  parts  of  the  body.  It  may  be  absent  in  the  stomach  and  present  in  other  parts 
of  the  body.    If  the  patient  have  lived  for  some  time  the  odor  may  be  absent  altogether. 

Cyanide  of  potassium  may  produce  the  same  lesions  as  hydrocyanic  acid,  and  there 
is  the  same  inconstancy  in  their  occurrence. 

Nitrobenzol. — This  substance  produces  general  venous  congestion,  and  the  odor  of 
the  oil  of  bitter  almonds  may  be  more  or  less  well  marked  in  the  body  after  death. 

Carbolic  Acid. 

When  this  poison  in  concentrated  form  is  taken  into  the  stomach  the  mucous 

membrane  of  the  mouth,  oesophagus,  and  stomach  may  be  white,  corrugated,  and  par- 
tially developed  in  patches,  and  the  edges  of  the  affected  parts  may  be  hypenemic  or 

there  may  be  patches  of  extravasation.  Brownish,  shrunken  patches  may  be  present 
about  the  mouth.  The  brain  and  meninges  may  be  congested.  There  may  be  conges- 

tion and  oedema  of  the  lungs,  and  congestion  of  the  liver  and  spleen.  The  blood  is 
usually  dark  and  fluid.  The  urine  is  commonly  of  a  dark  or  greenish  color.  The 
odor  of  the  poison  may  be  evident  in  the  body  and  in  the  urine. 

In  cases  which  are  not  at  once  fatal  the  affected  mucous  membrane  may  slough, 
and  healing  follow  with  contraction  of  the  stomach.  Death  from  innutrition  may 
follow  temporary  recovery  after  a  considerable  interval.  If  diluted  carbolic  acid  be 
taken  the  white  appearance  of  the  mucous  membrane  may  be  absent  but  death  may 
ensue  with  marks  of  necrosis,  hypersemia,  and  inflammation  of  the  oesophagus  and 
stomach. 

Alcohol. 

The  different  preparations  of  alcohol,  when  taken  in  concentrated  form  or  in  large 
quantities,  sometimes  produce  sudden  coma  and  death  in  from  half  an  hour  to  several 
hours.  In  acute  poisoning,  if  death  have  followed  soon  after  the  ingestion  of  the 
poison,  the  body  may  resist  decomposition  for  an  unusual  length  of  time.  The  stom- 

ach and  tissues  may  even  have  a  more  or  less  well-marked  alcoholic  odor.  The 
stomach,  and  even  the  oesophagus  and  duodenum,  may  be  of  a  deep-red  color.  There 
may  be  punctiform  ecchymoses  in  the  gastric  mucous  membrane.  In  many  cases  the 
stomach  is  apparently  quite  normal.  There  is  apt  to  be  venous  congestion  in  some  of 
the  internal  organs,  but  this  is  not  constant.  There  are  frequently  congestion,  and 
sometimes  extravasation  of  blood  in  the  braiti  and  its  membranes,  and  oedema  of  the 
membranes  or  of  the  brain  substance,  or  both.  There  may  be  a  serous  effusion  in  the 
ventricles  of  the  brain,  also  chromatolysis  of  the  ganglion  cells. 

In  chronic  alcohol  poisoning  death  may  ensue  from  some  other  disease,  or  after  a 
debauch.  In  the  latter  case  there  may  be  delirium  tremens,  or  the  patient  dies  ex- 

hausted and  comatose.  Chronic  alcoholism  is  not  infrequently  mistaken  clinically  for 
meningitis.  The  post-mortem  lesions  are  sometimes  marked,  sometimes  absent. 
There  may  be  chronic  pachymeningitis,  resulting  in  thickening  of  the  dura  mater  and 
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its  close  adherence  to  the  skull.  The  pia  mater  may  be  thickened  and  opdematoiL^. 
The  brain  may  be  normal  or  oedematous  or  atrophied  and  show  chromatolysis  of  the 
ganglion  cells.  The  lungs  are  frecjuently  congested.  The  heart  may  be  thickly 
covered  with  fat,  and  its  walls  may  be  flabby  and  fatty.  The  stomach  frequently 
presents  the  lesions  of  chronic  gastritis.  The  Ih'er  may  be  cirrhotic,  with  or  without 
fatty  infiltration.  The  kidneys  may  present  the  lesions  of  albuminous  or  fatty  degene- 

ration or  of  chronic  diffuse  nephritis. 
It  should  always  be  remembered,  however,  that  all  or  a  part  of  the  above  lesions 

may  be  absent  in  the  bodies  of  drunkards,  and,  furthermore,  that  the  same  lesions 
may  be  due  to  other  causes. 

Chloroform. 

Chloroform  may  cause  death  when  it  is  taken  in  fluid  form  into  the  stomach  or 
when  inhaled.  Death  from  swallowing  liquid  chloroform  is  rare,  and  its  immediate 
cause  is  usually  uncertain.  The  post-mortem  changes  are  variable;  sometimes  there 
are  no  lesions.  In  some  cases  there  is  simple  reddening  of  the  gastric  mucous  mem- 

brane; occasionally  there  is  acute  gastritis  or  ulceration  of  the  mucous  membrane. 
The  odor  of  chloroform  may  or  may  not  be  evident.  Discoloration  and  softening  of 
the  mucous  membrane  of  the  pharynx,  oesophagus,  and  duodenum  have  been  observed. 
There  may  be  general  venous  congestion;  the  heart  may  be  flabby.  Bubbles  of  gas 
have  been  frecjuently  seen  in  the  blood,  but  this  is  not  characteristic.  Degeneration 
and  necrosis  of  the  liver  cells  may  follow  chloroform  administration  (see  page  716). 

Death  from  inhalation  of  chloroform  is  a  not  infrequent  accident  in  surgical 
practice.  After  death  from  inhalation  the  results  of  the  examination  are  usually 
quit^  negative,  and  in  no  case  are  there  lesions  which  in  themselves  enable  the  exam- 

iner to  declare  death  to  have  been  due  to  chloroform  poisoning. 

Ether. 

The  inhalation  of  ether  occasionally  causes  death.  The  post-mortem  examina- 
tion is  negative.  The  ingestion  of  fluid  ether  may  induce  inflammation  of  the  stom- 

ach.    The  odor  of  ether  may  be  perceptible  if  the  autopsy  is  made  soon  aft^r  death. 

Chloral  Hydrate. 

There  are  no  characteristic  post-mortem  appearances  after  death  by  chloral. 
Hypenemia  of  the  brain,  and  the  odor  of  the  drug,  have  been  noticed. 

Strychnin — Nux  Vomica. 

The  post-mortem  appearances  after  poisoning  by  these  drugs  are  not  characteristic 
and  are  inconstant.  The  body  is  usually  relaxed  at  the  time  of  death,  but  the  rigor 
mortis,  as  a  rule,  comes  on  early  and  remains  long.  There  may  be  congestion  of  the 
brain  and  spinal  cord,  and  sometimes  of  the  lungs  and  stomach.  Chromatolysis  of  the 
ganglion  cells  is  recorded. 

Animal  Venom,  Etc. 

The  poisons  which  may  be  introduced  into  the  body  through  the  bites  of  venomous 
snakes  and  reptiles  and  the  bit^s  of  insects  cannot  be  considered  in  detail  here.' 

The  action  of  the  venom  of  snakes,  scorpions,  etc.,  upon  the  animal  body,  is  in 
many  respects  similar  to  that  of  certain  bacterial  toxins  and  cytolytic  substances. 
By  gradual  adaptation  of  the  lower  animals  to  these  venoms,  antitoxins,  i.e.  antiveuins, 
may  be  secured. 

Our  knowledge  of  snake  venom  and  es[)ecially  of  cobra  venom  is  the  most  extensive. 
Snake  venom  contains  toxins  of  several  kinds,  htemolytic,  neurolytic,  nephrolytic, 

*  Consult  Lnngmann,  "Poisonous  Snakes  and  Snake  Poison,"  Medical  Record,  vol.  Iviii.,  p.  401. 
1900;  also  BrouTi,  "Twentieth  Century  Practice,"  vol.  xx.,  bibl. 
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etc.^  Some  of  these  toxins  seem  to  require  the  presence  of  complement  to  secure  their 
hfemolytic  action  upon  the  red  blood  cells.  Furthermore  this  complement  may,  as 

it  would  appear,  be  furthered  by  the  red  blood  cells  themselves — endocomplement. 
It  is  conjectured  that  in  this  case  the  lecithin  of  the  red  cells  may  act  as  complement.' 

Abrin  and  ricin  are  examples  of  poisonous  substances  which  induce  in  the  body 
lesions  similar  to  those  in  certain  infectious  diseases  (see  p.  203). 

Carbonic  Oxide. 

This  is  one  of  the  gases  generated  in  the  burning  of  charcoal,  and  forms  one  of  the 
ingredients  of  illuminating  gas.  A  most  characteristic  post-mortem  appearance  is 
the  cherry-red  color  of  the  blood,  and  of  the  tissues  and  viscera  which  contain  blood. 
The  presence  of  carbonic  acid  in  the  gas  may  obscure  the  bright  red  of  the  carbonic 
oxide  by  the  dark  color  which  it  induces  in  the  blood,  so  that  spectroscopic  or  other 
tests  are  sometimes  necessary  for  its  detection. 

There  may  be  oedema  and  hypenemia  with  haemorrhage  in  the  brain  and  meninges. 
There  may  be  haemorrhages,  often  symmetrical,  in  the  basal  ganglia  and  in  the  internal 
capsule.  Or  there  may  be  areas  of  softening  in  the  brain  and  cord.  In  some  cases 
there  appear  to  be  hyaline  thrombi  formed  of  red  blood  cells  in  the  vessels  of  the  cen- 

tral nervous  system  as  well  as  in  the  other  viscera,  to  which,  in  part  at  least,  the 

haemorrhages  and  softening  may  be  attributed.'  Some  of  them  may,  however,  be 
due  to  direct  action  of  the  poison. 

Recovery  from  carbonic-oxide  poisoning  in  cases  not  immediately  fatal  is  often 
slow,  and  various  serious  disturbances  of  the  nervous  system  may  accompany  it. 
Any  apparent  speedy  recovery  may  be  followed  by  the  development  of  nerve  lesions 
which  in  a  longer  or  a  shorter  time  may  prove  fatal.  In  cases  in  which  death  follows 
several  weeks  after  the  poisoning  the  areas  of  softening,  often  especially  marked  in  or 

near  the  internal  capsule,*  may  show  secondary  changes  due  to  absorption  of  degener- 
ated material,  growth  of  connective  tissue,  etc. 

The  lesions  are  essentially  those  of  asphyxia,  but  the  brain  is  said  to  be  more  fre- 
quently congested  than  in  asphyxia  by  simple  obstruction  of  respiration. 

Conium,  Aconite,  Lobelia  Inflata,  Digitalis,  Stramonium. 

These  vegetable  poisons  are  administered  in  their  natural  form  of  leaves,  berries, 
and  roots,  or  in  tinctures,  infusions,  and  extracts,  or  in  the  form  of  their  active  alka- 

loid principles. 
If  the  leaves,  berries,  or  seeds  are  given  they  may  be  detected  in  the  contents  of 

the  alimentary  canal  by  microscopical  examination.  Otherwise  the  results  of  autop- 
sies are  not  characteristic. 

The  brain  and  its  membranes,  and  the  lungs,  may  be  congested.  The  stomach 
may  present  patches  of  congestion,  inflammation,  and  extravasation,  or  its  entire 
mucous  coat  may  be  inflamed,  or  it  may  appear  normal. 

Ptomains  and  Other  Putrefactive  Products. 

Poisonous  substances  of  various  kinds  are  often  developed  in  the  putrefat?tion  of 
organic  substances,  and  certain  alkaloidal  substances  called  ptomains  form  in  the 
decomposition  of  proteids  without  putrefaction.  Thus  in  sausages,  some  kinds  of 
cheese,  ice-cream,  decayed  fish  and  mussels,  such  substances  have  caused  serious  and 
even  fatal  poisoning.  There  are  no  characteristic  post-mortem  changes  in  poisoning 
by  these  substances.  But  the  lesions  of  gastro-intestinal  inflammation  or  toxsemia 
may  be  present. 

1  Flexner  and  Nogwhi,  Jour.  Exp.  Med.,  vi.,  278,  1901-1905. 
2  Keyci^,  l^rl.  klin.  Wochenschr,  xxxix,  886,  1902. 
'  See  Schmidtmann,  "(Jerichtl.  Med.,"  9th  ed.,  Casper- Liman.,  Bd.  i..  p.  872,  1905. 
*  For  a  consideration  of  the  reasons  for  the  loeah'zation  of  secondary'  lesions  of  CO  poisoning 

in  the  basal  ganglia  see  Hoffmann's  "Gerichtl.  Med.,"  9th  ed..  p.  739,  1903. 
For  a  studv  of  the  blood  supply  of  the  basal  ganglia  see  Kolisko,  Wiener  klin.  Wochenschr.,  1893, 

No.  11 
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These  alkaloidal  substances  may  be  of  extreme  importance  in  certain  cases  of 

death  from  obscure  causes  on  account  of  the  medico-legal  questions  which  may  arise.  ̂  

Bibliography  of  Poisons. 

For  a  more  detailed  consideration  of  poisons,  their  effects,  modes  of  detection,  etc 

consult  the  great  work  of  Koberty  "Lehrbuch  der  Intoxikationen,"  or  the  following: 
Taylor  on  Poisons;  Maschka's  "  Handbuch  der  gerichtlichen  Medicin,"  Bd.  ii.;  Wood- 

man and  Tidy,  "Forensic  Medicine'';  Hoffmann  8  "Lehrbuch  d.  gerichtlichen  Medicin." 
Wormley^a  "  Micro-chemistry  of  Poisons"  contains  a  series  of  good  plates  of  the  micro- 

scopical appearance  of  various  forms  of  crystals  of  poisonous  substances.  Peterson 

and  Haines  8  "Textbook  of  Legal  Medicine  and  Toxicology,"  1904,  may  also  be consulted. 

Leaser's  "Atlas  der  gerichtlichen  Medicin"  contains  a  series  of  colored  plates 
showing  the  appearance  of  the  stomach  after  the  action  of  various  poisons.  The  work 

of  Guy  and  Ferrier  on  "Forensic  Medicine,"  7th  ed.,  revised  by  Smith,  contains  in  very 
compact  and  reliable  form  much  information  on  the  general  subjects  treated  in  the 

foregoing  section.  Lewin's  "  Lehrbuch  der  Toxicologic"  contains  many  valuable  and 
suggestive  general  considerations  on  the  action  of  poisons.  Schmidtmann^ s  "  Hand- 

buch d.  gerichtlichen  Medicin,"  1905,  is  the  last  and  9th  edition  of  the  standard  work 
of  Casper-Liman  and  contains  much  valuable  lore. 

Lesions  Induced  by  Endogenous  Poisons — Auto-Intozicatlons. 

As  we  turn  now  from  poisons  formed  outside  of  the  body  to  those 

formed  within  it — the  endogenous  poiso7is — we  encounter  two  classes: 
I.  Those  poisons  which  arise  from  the  metabolism  of  micro-organisms. 
II.  Those  which  arise  from  the  normal  or  aberrant  metabolism  of  the 

body-cells  themselves. 

I.     ENDOGENOUS  POISONS  FORMED  LARGELY  UNDER  THE  INFLUENCE  OF 

MICRO-ORGANISMS.' 

1.  Those  which  are  formed  in  infectious  diseases  (see  Chapter  IX., 
Part  I.,  on  Infectious  Diseases). 

2.  Those  formed  in  the  body  without  infection. 
The  most  common  and  important  metabolic  poisons  of  this  class 

are  those  which  are  formed  in  the  gastro-intestinal  canal  through  the 
action  of  micro-organisms,  mostly  bacteria,  upon  the  organic  constituents 
of  the  intestinal  contents  and  secretions.  The  new  chemical  substances 

thus  formed  become  deleterious  when  absorbed  into  the  body  fluids,  and 
this  may  occur  either  when  they  are  produced  in  unusual  quantity  or 
when  their  elimination  with  the  excreta  is  interfered  with.  When 

absorbed,  some  of  these  poisons  may  be  demonstrable  in  the  urine,  and 
they  may  give  rise  to  a  variety  of  symptoms  which  cannot  be  considered 
here,  but  which  are  appropriately  designated  as  marks  of  enterogenic 
auio-intoxication^  Such  are  dizziness,  headache,  some  forms  of  tetany, 
gastro-enteritis,  etc. 

1  For  chemical  aspects  of  this  subject  consult  Vaughn  in  Hamilton's  "System  of  Legal  Medicine," 
vol.  i.,  p.  475,  and  Vaughn  and  Novy,  "Cellular  Toxins";  also  Vaughn  in  "Twentieth  Century  Practice," 
vol.  xiii. 

"Consult  in  connection  with  this  and  the  following  section  fferter,  "Chemical  Patholog>',"  also 
Welh,  "Chemical  Pathology,"  and  Taylor  on  "Auto-intoxication,"  in  Osier's  Modem  Medicine,  vol.  i. 

'  It  is  the  opinion  of  some  pathologists  that  the  term  auto-intoxication  should  be  strictlj'-  limited  to 
the  eflfecta  of  those  substances  which  are  actually  derived  from  the  cells  of  the  body;  that  these  alone 
are  truly  endogenous:  that  intoxication  by  bacterial  products  is  not  auto-intoxication.  This  is  no 
doubt  a  just  opinion.  But  the  term  has  been  used  so  long  and  so  generally  in  its  wider  sense  that  the 
writer  does  not  deem  it  practicable  now  to  attempt  a  reform. 
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Endogenous  poisons  analogous  in  origin  with  these  may  be  formed  in 
the  bladder,  in  putrid  abscesses,  or  in  necrotic  tissues  in  various  parts 
of  the  body.  Structural  lesions,  if  such  there  be,  occurring  under  these 
conditions,  are  as  yet  but  little  known. 

n.     ENDOGENOUS  POISONS   FORMED  BY  THE    BODY -CELLS— HISTOGENIC 
POISONS. 

It  is  only  within  the  past  few  years  that  the  studies  on  cell  metabo- 
lism have  led  to  the  belief  that  the  body-cells  may  not  only  under  occa- 

sional abnormal  conditions  form  poisonous  chemical  compounds,  but  that 
even  in  the  normal  processes  some  of  the  intermediary  metabolic  prod- 

ucts may  be  inimical  to  the  welfare  of  the  body,  if  they  be  not  constantly 
rendered  inert.  This  may  be  affected  either  by  excretion  or,  as  now 
seems  probable,  in  part  at  least  through  the  influence  of  what  have  been 

called  the  '* internal  secretions''  of  such  glands  as  the  thyroid,  pancreas, 
adrenals,  hypophysis,  etc.,  or  possibly  in  ways  as  yet  wholly  unknown. 

Thus  there  is  a  group  of  auto-intoxications  due  to  the  accumulation 
in  the  body  of  the  products  of  normal  metabolism  through  defects  in  the 
excretory  apparatus;  for  example,  uraemia  in  renal  insufficiency  or  reten- 

tion of  urine;  cholaemia  in  retention  of  bile;  carbonic-acid  poisoning 
in  various  forms  and  grades  of  asphyxia.  Possibly  some  of  the  serious 
symptoms  following  extensive  burns  of  the  skin  and  occurring  in  sun- 

stroke and  eclampsia  are  of  similar  origin.  This  may  be  called  auto- 
intoxication through  retention. 

On  the  other  hand,  there  is  a  group  of  auto-intoxications  which  it  is 
assumed  may  in  part  at  least  be  due  to  a  failure  of  the  organs  concerned 
with  the  internal  secretions  to  furnish  the  necessary  link  in  the  chain  of 
intermediary  metabolic  products.  In  this  group  may  be  placed  cachexia 

strumipriva  and  myxoedema,  pancreatic  diabetes,  Addison's  disease,  and 
possibly  some  forms  of  acute  yellow  atrophy  of  the  liver. 

While  the  nature  and  action  of  the  recently  discovered  internal 
secretions  are  still  obscure,  they  do  exist  and  are  of  extreme  importance 
in  the  subtle  adjustments  of  individual  cell  metabolism  to  the  welfare  of 
the  organism  as  a  whole,  and  there  is  abundant  reason  to  believe  that, 

w^hen  this  adjustment  is  disturbed,  forms  of  histogenic  auto-intoxication 
may  arise. 

At  any  rate  the  hypotheses  which  have  been  formed  in  the  new  light 
have  contributed  largely  to  our  understanding  of  a  series  of  important 
general  diseases.  These  diseases,  whether  involving  or  not  internal 
secretions  in  accordance  with  our  present  conceptions,  may  be  considered 

as  dyscrasic  auto-intoxications,^ 
Whether  gout,  oxaluria,  and  some  forms  of  simple  diabetes  should 

be  considered  as  auto-intoxications  may  be  questioned.  Probably  Base- 

dow's disease  and  some  forms  of  puerperal  eclampsia  (see  p.  717)  should 
be  regarded  as  involving  the  formation  and  retention  of  histogenic 
poisons. 

^  For  a  discussion  of  internal  secretions,  with  bibliography,  consult  Transactions  of  the  Congress 
of  American  Physicians  and  Surgeons,  vol.  iv.,  1897;  see  also  Starling,  Chemical  Correlation  of  Functions 

of  the  Body,"  Lancet,  1905,  ii.,  and  Harvey  Lectures,  1907-8. 
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Of  course  this  grouping  of  diverse  forms  of  disease  should  be  consid- 
ered as  only  tentative  and  suggestive.  And  it  may  well  be  doubted 

whether  analogy  may  not  be  often  overstrained  in  regarding  as  the 
effect  of  poisons  what  may,  after  all,  be  metabolic  aberrancies  of  far  more 
subtle  character  than  the  word  auto-intoxication  would  imply. 

It  should  be  borne  in  mind  that  in  but  a  very  small  proportion  of 

the  abnormal  processes  which  are  considered  auto-intoxications  have  the 
assumed  poisons  been  actually  demonstrated.  The  assumption  rests 
largely  upon  symptoms  which  are  regarded  as  analogous  with  those 
incited  by  known  exogenous  poisons.  It  is  wise  to  remember  also  that 
even  in  poisoning  by  well-defined  agents  whose  general  effects  have  long 
been  known  we  are  almost  totally  ignorant,  except  in  the  case  of  the 

so-called  destructive  or  corrosive  poisons,  of  the  exact  ways  in  which  they 
act.  A  few  induce  changes  in  the  blood;  many  appear  to  act  upon  the 

nerve  cells;  but  the  nature  of  this  action  is  still  unknown.^ 
Without  insisting  upon  the  advantages  of  such  a  grouping  as  has  been 

outlined  above,  and  with  the  full  recognition  of  its  incompleteness,  the 

more  important  of  the  so-called  ''general  diseases/'  some  of  which  may 
be  regarded  as  auto-intoxications,  will  be  considered  in  the  next  chapter. 

*  For  convenience  of  reference,  the  grouping  of  poisons  briefly  set  forth  above  may  be  tabulated  as 
follows: 

I.  Exogenous  poisons   Inorganic  and  organic. 

f  Endogeneous    poisons       [■  A.  In  infectious  diseases. 

II.   Endogenous  poisons-concerned  ^^^^^^    ''^'««^'    ̂ ^  B.  Without     infection,     largely 

•  in    autochthonous  or  endogenic        ^  micro-organisms.  I      enterogen.c 
poisoning-auto-mtoxication.  Endogenoi^  powons  formed  under  the  mfluence  of  or  b

y  the 
body-cells-    histogenic  poisons — mducmg  aiUo-intoxtcation  m 
the  more  limited  sense. 



CHAPTER  XIII. 

GENERAL  DISEASES. 

In  the  so-called  general  diseases,  various  parts  of  the  body  are  structurally  or 
functionally  involved,  but  there  is  usually  a  primary  lesion  in  some  special  organ. 
The  grouping  of  certain  diseases  under  this  heading  is  rather  for  convenience  than 
because  these  diseases  are  fundamentally  different  in  their  relations  to  the  body  as  a 
whole  from  many  others,  such  as  infections,  intoxications,  etc.  Fever,  which  is  so 
often  one  of  the  manifestations  of  toxjemia,  has  been  grouped  with  the  general  dis- 

eases, because  in  some  respects  it  presents  important  analogies  with  them. 

CACHEXIA  STRUMIPRIVA— MYXCEDEMA. 

The  thyroid  is  one  of  the  so-called  ductless  glands  which  furnishes 
internal  secretions  essential  to  normal  metabolism  in  the  body. 

Removal  or  destructive  lesions  of  this  gland,  both  in  man  and  the 

lower  animals,*  may  be  followed  by  serious  and  fatal  disease  character- 
ized as  cachexia  stnimipriva.  In  man  the  more  common  manifestation 

of  this  disease  is  called  Myxadema.  It  occurs  most  frequently  in  middle- 
aged  women. 

The  skin  of  the  face  is  apt  to  be  swollen  and  waxy,  giving  a  peculiar 
and  rather  characteristic  appearance  to  the  features,  (Fig.  270).  The 
skin  of  the  body  is  apt  to  be  dry  and  rough,  and  the  hair  may  fall  out. 
Perspiration  is,  as  a  rule,  diminished.  The  mental  condition  is  dull,  and 
loss  of  memory  and  insanity. may  occur.  Bodily  movement  and  speech 
are  apt  to  be  impaired.  The  fat  tissues  may  be  atrophic,  and  the  sub- 

cutaneous tissue  has  been  shown  in  some,  though  not  all,  of  the  cases  to 
contain  an  unusual  amount  of  mucin.  In  some  cases  the  fibres  of  the 

upper  layers  of  the  corium  are  crowded  apart  by  fluid. 
The  most  marked  and  constant  lesion  in  this  disease  is  an  atrophic 

condition  of  the  thyroid  gland.  The  parenchyma  of  the  gland  is  more 
or  less  completely  replaced  l)y  fibrillar  connective  tissue,  and  by  new- 
formed  reticular  tissue  resembling  the  lymphatic  tissue  of  the  lymph- 
nodes.  The  general  appearance  of  the  atrophied  thvroid  gland  is  shown 
in  Fig.  272. 

In  addition  to  the  lesion  of  the  thyroid  there  are  apt  to  be  chronic 
endarteritis  and  chronic  dilTuse  nephritis.  In  some  cases  there  is  an 
accumulation  of  small  spheroidal  cells  about  the  smaller  l)lood-vessels  in 
various  parts  of  the  body,  and  also  petechial  haemorrhages. 

If  the  thyroid  be  completely  removed  in  young  animals  there  is 
deficient  development  of  the  osseous  system,  while  in  man  the  frequent 

*  For  :in  pxtensivo  critical  and  experimental  study  of  this  subject  see  Cunningham.  "Experimental 
Thyroidism."  .Jour.  Exp.  Med.,  vol.  iii.,  p.  147,  1S98,  bibliography.  For  a  study  of  the  transplantation 
of  the  thyroid  see  Payr,  Arch.  f.  klin.  Chirurgie,  Bd.  Ixxx.,  1906. 
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association  of  cretimam  with  goitre  or  other  thyroid  lesions  indicates  in 
another  way  the  close  relationship  between  the  thyroid  and  cell  metab- 

olism.' 
Cretinism  is  a  congenial  condition  in  which  development  is  retarded 

and  faulty.  An  adult  in  years  is  often  infantile  or  childish  in  stature 
and  mental  capacity,  ill  formed  and  uncouth  (see  Fig.  271). 

Showing  '■puBy-  akin  of  face  and  failing  of  the  hair-csae  of  Dr.  Henry  Hun. 

The  nature  of  the  substances  composing  the  internal  secretions 
of  the  thyroid  is  little  understood,  but  the  wonderful  therapeutic  effects 
of  the  administration  of  the  extract  of  the  gland  in  cases  of  myxoedema 

and  in  cretins,  in  which  they  are  deficient,  make  clear  their  great  import- 
ance. Whether  directly  toxic  substances  are  formed  in  the  thyroid  or 

not,  it  seems  proper  to  consider  the  cachexia  strumipriva  as  due  directly 

or  indirectly  to  auto-intoxication. 

merica,"  Trans,  of  (he  CoiutrEw  of  American  Phyeiciuu 
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EXOPHTHALMIC  GOITRE.     (Basedow's  Disease,  Graves'  Disease.) 

ThD  tharactoristU'  general  h'sions  of  this  disease  are  uiiilatoral  or 
bilateral,  enlargement,  largely  hypera'nnc,  of  the  thyroid  gland  and 
protrusion  of  the  eyeballs — exophthalmos.  These  lesions  are  apt  to  be 
assoeiated  with  functional  disturbance  of  the  heart — tachycardia  and 
musculap  tremor.  There  is  reason  to  believe  that  this  condition  is  due 

to  hypcrseeretion  of  the  thyroid  gland,  and  that  its  functional  character- 

istics may  be  pi-opcrly  regarded  as  indications  of  an  auto-intoxieation. 
Ewing'  has  described  the  following  lesions  of  the  thyroid  occurring 

in  early  and  late  stages  of  Graves'  disease:  Hyperemia  with  increased 
secretion  of  colloi{l  showing  diminished  staining  reaction  with  eosin; 

increased  vascularity,  abundance  of  abnormal  colloid,  and  cellular  hyper- 
plasia; varicosities  of  large  vessels  and  diminished  capillary  circulation; 

comparative  or  complete  absence  of  colloid,  extensive  cellular  hyper- 
plasia, occasionally  fibrosis;  atrophy  and  fibrosis,  with  hyaline  changes 

in  the  stroma,  sclerosi.s  of  vessels,  hieniorrhages,  and  cyst  formation. 

Ewing  regards  as  specific  to  Graves'  disease,  and  not  occurring  in 
simple  goitre,  the  extensive  cellular  hyperplasia,  with  large  areas  of 

imperfectly  formed  alveoli  lined  by  multiple  rows  of  large  cells  inter- 
spersed with  giant  cells,  and  resulting  in  nearly  complete  loss  of  colloid, 

which  occurs  in  connection  with  the  nervous  symptoms. 
The  alterations  in  the  alveoli  of  the  thyroid  are  marked  chiefly  by 

variations  in  size  and  form.  The  epithelium  grows  into  foliled  diver- 
ticulum-like  structures  which  may  become  contracted,  in  places  forming 

new  alveoli.^  The  epithelium  may  show  mitoses  and  may  assume 
cylindrical  forms.  In  general  the  lesion  resembles  that  obtained  in 
experimental  compensatory  hypertrophy  of  the  thyroid. 

'  live  M'K'CalluM.  Dull.  Johna  Hm-liins  Hosp'.,  vol.  x'vi.,  p.  JXT,  1!KI5. 
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The  effects  of  overdoses  of  thyroid  extract  upon  the  normal  organism, 
in  inducing  some  of  the  general  symptoms  of  exophthalmic  goitre;  the 
beneficent  effects  of  thyroidectomy  in  the  disease;  and  the  cellular 
hyperplasia  above  noted  are  the  chief  reasons  for  the  belief  that  this 
disease  is  largely  due  to  excessive  secretion  of  the  thyroid  gland. 

ADDISON'S  DISEASE. 

This  name  is  applied  to  a  disease  especially  characterized  morpholog- 
ically by  a  peculiar  pigmentation  of  the  skin  and  by  certain  changes, 

morphological  or  functional,  in  the  adrenals.  The  patients  suffer  from 
cerebral  symptoms,  great  prostration,  syncope,  and  derangements  of 
the  functions  of  the  stomach  and  intestines. 

The  pigmentation  of  the  skin  is  the  symptom  which  has  especially 
attracted  attention.  The  change  in  color  usually  begins  and  becomes 
most  marked  in  those  parts  of  the  skin  which  are  not  covered  by  the 
clothing  or  are  naturally  of  darker  color.  The  rest  of  the  skin  afterward 
changes  color,  but  not  uniformly,  white  patches  being  left.  The  color 
is  at  first  a  light  yellow  or  brown;  this  becomes  darker  until  it  is  of  a 
dark  greenish,  grayish,  or  blackish  brown.  The  mucous  membrane  of 
the  tongue,  lips,  and  gums  may  be  similarly  pigmented. 

Under  the  name  of  Addison's  disease  different  observers  have 
described  cases  in  which  the  symptoms  and  bronfced  skin  existed  without 
disease  of  the  adrenals;  cases  in  which  the  bronzed  skin  was  the  only 
lesion;  and  cases  in  which  the  adrenals  were  diseased  without  symptoms 
or  bronzed  skin. 

The  Skin. — The  discoloration  of  the  skin  is  due  to  a  deposit  of  yellow- 
ish brown  pigment  in  the  deeper  layers  of  the  epidermis,  especially  in  the 

layer  covering  the  papillae,  and  less  constantly  in  the  connective  tissue 
of  the  cutis. 

The  Brain. — ^Pigmentation  of  the  gray  matter,  acute  meningitis, 
chronic  meningitis,  and  distention  of  the  ventricles  with  serum  have  been 
observed. 

The  sympathetic  nerves,  especially  those  which  are  in  contact  with 
the  adrenals,  may  show  a  variety  of  changes  apparently  due  to  chronic 
inflammation.  Various  changes  in  the  nerve  cells  of  the  semilunar  gan- 

glia have  been  described. 
There  may  be  fatty  degeneration  of  the  heart  muscles  and  hyperplasia 

of  the  intestinal  lymph-nodules  and  spleen. 
The  Adrenals. — The  most  common  lesion  of  these  bodies  is  a  tubercu- 
lous inflammation,  and  this  or  some  other  lesion  has  been  found  in  nearly 

one-half  of  the  cases.  On  the  other  hand,  it  should  be  remembered  that 
similar  lesions  of  the  adrenals  often  occur  without  other  indications  of 

Addison's  disease.  Tuberculous  adrenals  may  be  large,  hard,  and  nodu- 
lar; less  frequently  of  normal  size  or  smaller  than  normal.  On  section 

they  may  contain  cheesy  masses  surrounded  by  zones  of  gray,  scmitrans- 
lucent  tissue.  Later  the  cheesy  masses  may  become  calcified  or  they  may 

28 
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soften  and  break  down.  The  grayish  zones  are  composed  of  tubercle 
tissue  or  denser  connective  tissue.^ 

Other  cases  have  been  described  in  which  the  adrenals  were  the  seat 

of  carcinoma  or  of  fatty  or  waxy  degeneration.  But  these  lesions, 

especially  carcinoma  of  the  adrenals,  may  occur  without  the  manifesta- 

tions of  Addison's  disease.  The  adrenals  may  be  atrophied.  They  may. 
however,  be  normal,  and  in  some  such  cases  lesions  of  the  semilunar  and 
other  sympathetic  ganglia  have  been  found. 

On  the  whole,  the  clinical,  morphological,  and  experimental  data  now 
available  seem  to  point  to  lesions  of  both  the  sympathetic  system  and 
the  adrenals  as  of  probable  significance  in  determining  this  disease. 

The  hypothesis  which  is  most  in  favor  at  present  assumes  that  the 
adrenals  furnish  an  internal  secretion  without  which  normal  metabolism 

cannot  be  effected,  and  that  lesions  of  the  adrenals  or  of  the  sympathetic 
ganglia  and  vessels  about  them,  by  altering  or  diminishing  this  secretion, 
may  lead  to  the  functional  and  structural  changes  characterizing  the 

disease.  The  propriety  of  considering  Addison's  disease  as  an  example 
of  auto-intoxication  can  hardly  be  questioned  in  the  light  of  the  facts 
now  at  our  command.  It  is  clear  that  the  adrenals  contain  very  pow- 

erful chemical  substances  which  have  a  marked  effect  upon  certain  tissues 

of  the  body,^  especially  upon  the  muscles.  The  action  of  extracts  of  the 
adrenals  upon  the  muscle  fibres  of  arteries  leads  to  an  increase  in  blood 
pressure.  The  relationship  between  the  medulla  of  the  adrenals  and  the 
sympathetic  is  apparently  intimate  but  is  as  yet  obscure.  Complete 
removal  of  the  adrenals  is  fatal.  Injections  of  the  extracts, after  removal 
of  the  organs  fails  to  maintain  life. 

DIABETES  MELLHUS. 

This  disease  involves  such  defects  in  nutrition  as  lead  to  an  abnormal 

accumulation  of  sugar  in  the  blood  and  its  discharge  by  the  urine  (glyco- 

suria), which  is  increased  in  amount.'* 
A  great  variety  of  lesions  have  been  found  in  the  body  after  death 

from  diabetes,  but  few  of  them,  aside  from  those  of  the  pancreas  appear 
to  be  of  well-defined  significance  in  this  special  relationship.  The  general 
condition  of  malnutrition  and  debility,  so  often  marked  in  this  disease, 
renders  diabetics  especially  vulnerable  to  slight  injuries  or  infections, 
furunculosis,  carbuncle,  eczema,  etc.;  gangrene  is  liable  to  occur  either 

with  or  without  marked  injury  in  cases  of  diabetes.* 
The  brain  may  appear  to  be  entirely  normal;  it  may  be  congested; 

there  may  be  an  increase  of  serum;  the  convolutions  may  be  shrunken; 

there  may  be  meningitis;  there  may  be  dilatations  of  the  blood-vessels, 
small  extravasations  of  blood  around  the  vessels,  enlargement  of  the 

^  For  a  study  of  experimental  tuberculosis  of  the  adrenals  and  its  relations  to  Addison's  disease  see 
de  Vecchi,  Cent.  f.  allg.  Path.,  Bd.  xii.,  p.  577,  1901. 

2  For  a  summary  of  observations  on  the  effects  of  removal  of  suprarenal  body  and  the  nature  of  its 

"active  principle,"  consult  Abel,  **  Vaughan  Anniversary  Contributions  to  Medical  Research,"  1903, 
p.  139,  bibl. 

'  For  a  risunU  of  metabolism  in  diabetes,  see  Lutik,  Harvey  Lectures.  1908-9,  bibl. 
^  For  bibliography  of  diabetic  gangrene  consult  Davis,  Jour.  Amer.  Med.  Assn.,  July  16th,  1898. 
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perivascular  spaces,  and  alterations  in  the  perivascular  sheaths  and 
nerve  tissue  bounding  the  cavities;  there  may  be  tumors  at  the  base  of  the 
brain. 

The  spinal  cord  may  present  dilatation  of  the  blood-vessels;  dilata- 
tion of  the  central  canal;  changes  in  the  gray  matter  of  the  anterior 

comua.  Marks  of  multiple  neuritis  and  lesions  of  the  sympathetic 
ganglia  may  be  present.  The  Lungs. — There  may  be  the  lesions  of 
pleurisy,  bronchitis,  broncho-pneumonia,  lobar  pneumonia,  gangrene, 
tuberculosis.  The  heart  may  be  small  or  hypertrophied;  there  may  be 
chronic  endocarditis.  The  Stomach  and  Intestines. — The  stomach  may 
be  dilated,  its  walls  may  be  thickened,  there  may  be  haemorrhagic  ero- 

sions of  the  mucous  membrane.  In  the  intestines  there  may  be  tuber- 
culous ulcers  or  enteritis.  The  liver  may  be  cirrhotic  or  fatty,  or  glyco- 

genic infiltration  may  occur.  The  kidneys  may  be  enlarged;  they  may 
be  the  seat  of  albuminous  degeneration  or  diffuse  nephritis;  there  may 

be  glycogenic  infiltration  of  the  epithelium  of  Henle^s  loops.  The  Blood. 
— ^In  a  few  cases  fat  has  been  found  in  the  blood,  and  fat  emboli  in  the 
vessels  of  the  lungs. 

The  Pancreas. — In  a  considerable  proportion  of  cases  the  examination 
of  the  pancreas  reveals  some  lesion,  usually  atrophy  of  the  parenchyma, 
often  with  increase  of  the  interstitial  tissue.  Hyaline  degeneration  and 
interstitial  inflammation  involving  the  islands  of  Langerhans  have  been 

assumed  to  be  of  much  significance,^  but  this  is  not  yet  clearly  estab- 
lished. Fatty  degeneration,  tumors,  and  cysts  have  been  found.  Extir- 

pation of  the  pancreas  in  man  or  dogs  may  lead  to  diabetes.  While 
diabetes  may  occur  without  demonstrable  lesions  of  the  pancreas, 
it  is  fair  to  assume  that  functional  lesions  of  grave  importance  may 
nevertheless  be  present. 

Diabetes  mellitus  may  be  associated  with  haemachromatosis  and 
cirrhosis  of  the  liver — so-called  "bronzed  diabetes."^ 

Under  the  influence  of  the  doctrine  of  internal  secretions  it  is  now 

commonly  assumed  that  the  pancreas,  in  addition  to  its  intestinal  secre- 
tion, furnishes  some  other  substance  to  the  body  which  is  essential  in  the 

metabolic  changes  to  which  the  carbohydrates  and  proteids  must  be 

subjected  in  securing  normal  nutrition.'  Interference  with  this  internal 
secretion  of  the  pancreas  is  thus  assumed  to  be  accountable  for  the 

faulty  metabolism.* 

GOUT. 

The  characteristic  lesion  of  gout  is  the  presence  of  an  abnormal 
amount  of  uric  acid  in  the  blood  and  the  deposit  of  urate  of  sodium  in 

^  For  the  relationship  of  diabetes  to  lesions  of  the  pancreas,  and  particularly  to  lesions  of  the  is- 
lands of  Langerhans,  see  Opie,  "Disease  of  the  Pancreas,"  1903;  also  CeciU  Med.  and  Sur.  Rept.  Presbt. 

Hosp.,  viii.,  1908. 
*  See  Opie,  loc.  ciL,  p.  54, 
*  Internal  secretions  which,  formed  in  one  organ,  are  necessary  or  useful  in  correlating  the  functions 

of  the  organ  of  origin  with  those  of  other  organs  of  the  body  are  called  hormones,  see  Starling,  Harvey 
Lecture.  1907-8. 

*  Other  forms  of  glycosuria  are  known  which  are  to  be  otherwise  accounted  for.  They  may  be 
associated  with  lesions  of  the  nervous  system  or  induced  by  the  action  of  certain  poisons,  phloridzin- 
diabetes  for  example,  or  may  occur  under  other  conditions. 
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the  articular  cartilages,  the  ligaments  of  the  joints,  the  ears,  and  the 
eyelids.  Inflammatory  changes  may  be  associated  with  the  deposits 
in  the  joints.  There  appears  to  be  an  hereditary  predisposition  to  the 
disease. 

The  most  frequent  situation  of  the  gouty  deposit  is  the  metatarso- 
phalangeal joint  of  the  great  toe.  The  cartilage  may  be  infiltrated  or 

encrusted  with  the  deposit.  These  masses  of  urates,  often  called  "chalk- 
Btones"  or  "tophi,"  may  appear  upon  the  surface  by  the  ulceration  of 
the  skin  (Fig.  273). 

A  very  important  feature  of  gout  is  that  patients  with  the  gouty  di- 
athesis are  especially  liable  to  derangements  of  digestion  and  to  certain 

chronic  inflammations,  such  as  chronic  inflammation  of  the  arteries,  the 
bronchi,  and  the  kidneys.  Cardiac  hypertrophy  may  be  associated  with 
the  artcrio-sclorosis.  The  interstitial  tissue,  especially  in  the  pyramids 
of  the  kidney,  may  be  infiltrated  with  the  urates. 

The  nature  of  the  disturbances  of  nitrogenous  metabolism  underlying 
the  manifestations  of  gout  is  not  yet  clear,  nor  arc  we  able  to  estimate 
the  influences  upon  accumulations  of  uric  acid  in  the  body  of  faulty 
elimination  or  local  tissue  alterations.  Xor  is  the  relationship  plain  of 
local  inflammatory  processes  to  the  gouty  deposits. 

SUNSTROKE.     (Insobition;  Heat  Ezhaustioa.} 

Pcraons  exposed,  while  at  work  or  when  exhausted,  to  the  sun  or  to 

high  temperatures  are  liable,  e.spccially  if  of  intemperate  habits,  to  sud- 
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den  prostration,  often  associated  with  cardiac  failure,  asphyxia,  convul- 
sions, and  coma.     Death  in  many  cases  soon  ensues. 

After  death,  decomposition  sets  in  early  and  progresses  rapidly.  The 
blood  usually  remains  fluid. 

The  brain  and  its  membranes  are  in  some  cases  congested,  in  others 
not.  There  may  be  an  increased  amount  of  serum  beneath  the  pia  mater, 
or  small  and  thin  extravasations  of  blood  beneath  the  pia  mater  and 
between  the  pia  and  dura  mater.  Chromatolysis  of  the  ganglion  cells  has 

been  described  by  Van  Gieson^  and  others.  The  thoracic  and  abdominal 
viscera  may  be  congested;  albuminous  degeneration  may  be  evident 
in  the  liver  and  kidneys. 

In  the  cases  in  which  cerebral  symptoms  are  protracted  for  a  number 
of  days  the  lesions  of  meningitis  have  been  found  after  death. 

According  to  Cramer,^  persons  surviving  for  some  time  the  first  severe 
effects  of  the  heat  may  suffer  important  alterations  in  certain  nerve  fibres 
of  the  brain. 

SCORBUTUS.     (Scurvy.) 

This  disease  appears  to  result  from  imperfect  nutrition  under  condi- 
tions which  cannot  be  considered  in  detail  here,  but  which  is  usually 

attributed  to  insufficient  or  inappropriate  diet.  The  lesions  are  variable, 
the  most  common  being  anaemia;  extravasation  of  blood  in  the  skin, 
subcutaneous  tissue,  and  muscles;  swelling  and  ulceration  and  bleeding 
of  the  gums.  Small  and  sometimes  extensive  haemorrhages  are  apt  to 
occur  in  the  mucous  membranes  and  on  serous  surfaces.  Small  ulcers 
may  form  in  the  mucous  membranes.  Fatty  degeneration  of  the  heart, 
liver,  and  kidneys  is  not  uncommon.  The  spleen  may  be  large  and  soft. 
No  constant  characteristic  changes  have  been  discovered,  either  in  the 
blood-vessels  or  the  blood,  which  would  satisfactorily  account  for  the 
extravasations  and  other  lesions. 

The  body  is  apt  to  decompose  early.  The  skin  may  be  mottled  with 
small  and  large  purple,  blue,  brown,  or  blackish  spots  produced  by 
degenerative  changes  in  the  extravasated  blood  in  the  cutis.  Sometimes 
ulcers  are  produced  by  the  perforation  of  effused  blood  on  to  the  surface. 
The  joints  may  be  inflamed,  may  contain  serum  or  blood.  Rarely  the 
haemorrhages  are  followed  by  destruction  of  the  cartilages  and  ends  of 
the  bones.  Very  rarely  there  is  haemorrhage  between  the  periosteum 
and  bone,  and  in  the  bone  itself,  producing  softening  and  destruction  of 
the  bone,  and  separation  of  the  epiphyses.  The  sternal  ends  of  the  ribs 
are  the  most  frequent  seat  of  this  change.  Albuminous  degeneration  of 
the  heart,  liver,  or  kidneys,  and  enlargement  of  the  spleen,  are  common. 

Infantile  Scorbutus. — Infants  (under  two  years)  may  develop  similar 
anaemia  and  tendency  to  haemorrhages.  The  most  common  location  of 
the  haemorrhages  is  beneath  the  periosteum  of  the  bones  of  the  lower 

extremities,  especially  of  the  femora,  with  separation  of  the  lower  epiphy- 

1  Van  Gieaon,  "Toxic  Basis  of  Neural  Diseases,  "  N.  Y.  State  Hospital  Bulletin,  vol.  L,  p.  407, 
1896;  also  Lambert.  Medical  News,  July  24th,  1897. 

2  Cramer,  Centralblatt  fQr  allg.  Path.,  etc.,  Bd.  i.,  p.  185,  1890. 
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ses.  There  may  be  hapmorrhages  in  the  skin  and  subcutaneous  tissues, 

the  eyelids,  and  orbit,  and  in  the  internal  organs.  Hsemorrhagic  inflam- 
mation and  ulceration  of  the  gums  are  usually  limited  to  infants  having 

teeth  and  to  portions  of  the  jaw  in  which  teeth  are  apparent  or  just 
about  to  come  into  view.^ 

That  some  forms  or  phases  of  scorbutus  are  of  infectious  nature  is 
not  improbable,  but  definite  data  in  this  direction  are  wanting. 

ACROlfEGALIA. 

This  rare  disease  is  especially  marked  by  an  overgrowth  of  the  ter- 

minal portions  of  the  extremities,  and  of  the  bones  of  the  face.^  But 
there  may  be  a  general  involvement  of  the  skeleton — gigantism.  This 
excessive  growth  is  in  the  diameter  rather  than  in  the  length  of  the  bones, 
and  is  accompanied  by  local  exostoses.  Equally  important  and  common 
is  a  general  hyperplasia  of  the  connective  tissue  of  the  body.  Various 
lesions  of  the  thyroid  have  been  described,  but  they  are  not  constant. 

The  thymus  may  be  persistent;  there  may  be  fibrous-tissue  formation  in 
the  walls  of  the  vessels  and  in  the  sympathetic  ganglia.  The  skin  is 
often  pigmented. 

Many  visceral  lesions  have  been  described.  The  most  constant 
lesion  which  appears  to  bear  upon  the  etiology  of  acromegalia  is  that  of 
the  hypophysis.  This  in  many  cases  has  been  found  to  be  the  seat  of 
lesions,  most  frequently  a  hyperplasia  or  adenomatous  growth  in  the 
prehypophysis.  While  endothelioma  and  sarcoma  of  the  hypophysis 
have  been  described  in  acromegaly,  it  seems  not  unlikely  that  hyperplasia 
has,  in  most  cases  at  least,  been  mistaken  for  these  tumors.  The  complete 
removal  of  the  hypophysis  or  of  its  anterior  portion  is  invariably  fatal. 
It  is  believed  that  the  hyperplastic  hypophysis  is  in  some  way  concerned 

in  inducing  the  nutritional  abnormalities  leading  to  the  general  over- 

growth of  connective  tissue  and  bone,'  probably  through  interference 
with  its  internal  secretion. 

PURPURA.     (Purpura  Haemorrhagica.) 

This  name  is  applied  to  a  variety  of  conditions  in  which  extravasa- 
tions of  blood  are  present  in  the  skin  or  the  mucous  and  serous  mem- 

branes. 

Haemorrhages,  particularly  from  the  mucous  membranes,  may  be 
severe  and  even  fatal.  This  condition  is  often  called  purpura 
haemorrhagica. 

'For  a  study  of  scorbutus  in  infants,  **  Barlow's  Disease,"  which  was  first  recognized  in  the  United 
States  by  Northrup,  consult  Northrup  and  Crandall,  N.  Y.  Med.  Jour.,  May  26th,  1894. 

See  also  The  American  Pediatric  Society's  "Collective  Investigation  on  Infantile  Scurv>'in  North 
America,"  Trans.  Amer.  Ped.  Soc,  vol.  x.,  1898,  p.  5. 

For  a  study  of  histological  changes  consult  Jacobsthal,  Ziegler's  Beitr.  z.  path.  Anat.,  Bd.  xxvii., 
p.  173,  1900. 

'  Several  cases  have  been  described  in  which  there  was  enlargement  of  the  hands  and  feet  and  lower 
ends  of  the  long  bones,  without  involvement  of  the  bones  of  the  face.  While  this  condition  may  follow 
syphilitic  infection,  its  frequent  association  with  pulmonary  lesions  has  led  to  the  designation  hyper' 
trophic  pulmonary  arthropathy.  See  study  and  bibl.  by  Th.Janetpay,  Am.  Jour.  Med.  Sci.,  vol.  cxxvi., 
1903,  p.  503. 

'  For  an  excellent  risumi  of  acromegalia,  with  cases  and  bibl.,  see  Brooks,  Archives  of  Neurology 
and  Psychopathologj',  vol.  i.,  p.  485,  1898;  see  also  Lewis,  Bull.  Johns  Hop.  Hosp.,  vol.  xvi.,  157, 1905. 
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The  ccehymoscs  characteristic  of  purpura  may  occur  as  a  result  of 
poisoning  with  certain  drugs,  and  with  snake  venoin;  in  various  cachectic 
conditions;  in  diseases  of  the  nervous  system;  in  rheumatism;  in  gastro- 

intestinal disorders,  especially  of  children.  The  local  ecchymoses  in 
pyfemia  are  sometimes  classed  as  a  form  of  purpura;  and  in  these,  bac- 

teria, especially  the  pj'ogenic  forms,  may  be  demonstrable.' 
Either  from  the  direct  action  of  poisons;  or  through  degeneration  of 

the  endothelium  of  the  smaller  vessels;  or  as  the  result  of  capillary 
embolisms,  extravasation  of  blood  may  take  place. 

LYUPRATIC  COnSTITUTIOn.  (Conatitutio  L3nmphatica :  Sutus  LTinpluticuE.) 

Attention  has  been  recently  called  to  a  series  of  cases,  especially  in 

the  young  and  in  connection  with  sudden  death,  in  which  there  was  gen- 
eral hyperplasia  of  the  lymph -nodes,  spleen,  and  thymus,  with  hypo- 

plasia of  the  heart  and  aorla.     This  condition  often  accompanies  rickets. 

Many  instances  of  sudden  <leath  during  ariieslhesia  or  slight  opera- 
tions, or  following  slight  traumatic  injuries,  have  Ix^en  found  to  accom- 

pany the  status  lymphaticus. 
Hypoplasia  of  the  heiirt  und  aorta  is  apparently  a  congenital  defect, 

and  while  not  limited  to  well-defined  cases  of  lymphatic  constitution, 
appears  in  this  connection,  and  when  occurring  alone,  to  mark  a  note- 

worthy lack  of  resistance  on  the  part  of  the  organism  to  various  forms  of 
injury,  infection,  etc. 

I  For  s  mon  ilptailpcl  ninsi<lprnIion.  in  the  lixht  of  recent  Xuiliea,  of  caaea  often  grouped  under  the 
name  ■■  Hrmorrhagic  Infectiona/^  eooBult  Hnnl.  Lubaisch  and  Osterlag-a  "  ErKebniase  der  nllg.  \etiolo- 
Bie,"  JahfR.  i..  .^h,  I.  p.  793.  bibl. 
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Lymph-Nodes  and  -Nodules. — The  pharyngeal,  thoracic,  and  abdom- 
inal lymph-nodes  are  most  frequently  involved  in  hyperplasia,  the  new 

cells  often  infiltrating  the  surrounding  tissue.  There  may  be  hyper- 
plasia of  the  tonsils,  of  the  cervical,  mediastinal,  axillary,  and  abdominal 

lymph-nodes,  as  well  as  of  the  lymphatic  tissue  of  the  gastro-intestinal 
canal  (Fig.  274). 

The  thymus  may  be  congested  and  large  and  soft  from  hyperplasia. 
It  sometimes  evidently  exerts  such  pressure  on  the  adjacent  bronchi  and 
large  vessels  as  to  lead  to  death. 

The  spleen  may  be  moderately  enlarged  from  hyperplasia,  especially 

of  the  lymphoid  tissue  of  the  Malpighian  bodies,  and  it  may  be  congested.^ 

FEVER.     (Pyrexia.) 

The  heat  of  the  body  is  derived  from  tissue  metabolism.  The  heart, 
the  muscles,  the  liver,  and  other  abdominal  organs  are  the  great  sources 

of  heat  production.  The  temperature  of  the  body  under  normal  con- 
ditions is  maintained  within  narrow  limits  by  the  heat-regulating  mech- 

anism which  preserves  the  balance  between  heat  production  and  heat 
loss  effected  largely  through  the  skin  and  respiratory  surfaces. 

Fever  may  be  defined  as  a  general  disturbance  of  metabolism  usually 
due  to  infection  or  various  forms  of  intoxication  which  leads  to  a  rise  of 

the  temperature  within  the  body. 
The  rise  of  temperature  in  fever  depends  primarily  upon  an  increase 

in  the  metabolic  combustion.  Oxygen  is  used  in  larger  amount  than  is 
usual,  while  the  combustion  products,  carbonic  acid,  and  the  nitrogenous 
substances,  urea,  uric  acid,  etc.,  are  excreted  in  greater  abundance. 
This  increased  combustion  is  usually  associated  with  disturbances  of 
digestion  and  assimilation  of  food,  so  that  the  abnormal  heat  production 
is  effected  largely  at  the  expense  of  the  body  proteids  of  the  various 
tissues  and  organs  concerned  in  metabolism. 

But  with  the  increased  heat  production  there  usually  occur,  in  the 
earlier  periods  of  fever,  such  disturbances  in  the  vasomotor  control  of 
the  cutaneous  blood-vessels  as  lead  to  their  contraction.  Thus,  heat 
elimination  is  retarded.  In  later  periods  the  vessels  of  the  skin  may 
dilate  so  that,  in  spite  of  its  persistent  dryness  and  lack  of  the  cooling 
effect  of  sweat  evaporation,  there  is  an  excessive  loss  of  heat  from  this 
source.  This  is  not  sufficient,  however,  to  balance  the  excessive  heat 
production.  We  need  not  consider  here  the  various  subjective  and 
objective  phenomena  characteristic  of  the  febrile  condition.  The  height 

of  temperature  varies  in  fever,  seldom  exceeding  42°  C.  (107.6°  F.),  and 
is  usually  much  less  than  this. 

In  the  great  majority  of  cases  fever  is  due  to  the  presence  in  the  body 

of  deleterious  substances,  either  introduced  from  without,  or,  more  com- 
monly, produced  within  the  body.  These  are  most  often  formed  in 

infections,  and  arise  either  from  the  growth  in  the  tissues  of  pathogenic 

1  For  a  study  of  the  lymphatic  constitution  and  its  relationship  to  sudden  death  see  Ewino,  N,  Y. 
Med.  Jour.,  July  10th. ,1897,  bibl.;  see  also  for  a  study  of  the  lymph-nodes,  etc.,  in  this  condition  Bartel 
and  Stein,  Arch.  f.  Anat.  u.  Physiol.,  anat.  Abth.,  Jahrg.,  1906,  p.  231,  bibl. 



GENERAL    DISEASES  441 

micro-organisms  or  from  the  disintegration  of  their  bodies;  that  is,  they 
are  toxins  or  endotoxins.  But  there  is  abundant  evidence  that  fever  is 
not  infrequently  due  to  perverted  metabolism  of  the  tissue  cells,  leading 
to  the  formation  of  toxic  substances.  Such  self-engendered  substances 
are  called  autotoxins.  The  pyrexia  of  sunstroke  is  believed  to  be  an 

example  of  this  phase  of  auto-intoxication. 
Similarly  it  is  known  that  certain  drugs — cocain,  phosphorus,  various 

bacterial  toxins,  and  organic  substances — proteids,  ferments,  etc. — 
introduced  from  without  may  induce  fever. 

Exactly  how  these  various  substances  act  in  the  incitement  of  fever 
is  unknown.  But  one  assumes  that  the  cell  metabolism  is  disturbed 

by  the  poison,  while  the  heat-regulating  mechanism  is  so  modified  that 
the  normal  balance  is  overthrown.  That  the  nervous  system  may  play 
an  important  rdle  in  these  disturbances  is  indicated  by  the  fact  that  more 
or  less  persistent  elevations  of  temperature  may  follow  puncture  or 
haemorrhage  in  the  corpus  striatum  or  lesions  of  the  bulb  or  certain  other 

affections  of  the  nervous  system.^ 

1  For  a  study  of  fever  and  allied  cjonditions  see  Chantemesse  and  Podwys8otsky,  '"Les  Processes 
G6n6raux,"  1901;  see  also  Krehl,  "Clinical  Pathology."  Tran.  by  Hewlett. 

For  metabolism  in  fever  see  MacCallum,  Harvey  Lectures,  1908-9. 



CHAPTER  XIV. 

THE  LESIONS  IN  CERTAIN  FORMS  OF  DEATH  FROM  VIOLENCE : 
SUDDEN  DSFATH. 

The  Lesions  in  Certain  Forms  of  Death  from  Violence. 

SUFFOCATION— ASPHYXIA. 

By  sufifocation  is  meant  that  condition  in  which,  without  direct 
pressure  on  the  larynx  or  trachea,  air  is  prevented  from  penetrating  into 
the  lungs.  The  interruption  of  the  function  of  respiration  whiclr  is  thus 
brought  about  induces  the  condition  known  as  asphyxia.  In  this  way 
many  deaths  from  drowning  and  strangulation  take  place. 

The  ways  in  which  the  supply  of  air  may  be  cut  off  from  the  lungs 
are  various.  The  mouth  and  nose  may  be  closed  by  the  hand,  by  plas- 

ters and  cloths,  by  wrapping  up  the  head  in  cloths,  by  covering  the  face 
with  earth,  hay,  grain,  etc.  Foreign  bodies  may  be  introduced  into  the 
mouth,  pharynx,  and  larynx.  Blood  may  pass  into  the  trachea  from  an 
aneurism  or  from  a  wound.  The  glottis  may  be  closed  by  inflammatory 
swelling.     Vomited  material  may  lodge  in  the  larynx. 

On  the  other  hand,  injury  or  disease  of  the  medulla  oblongata,  or 
paralysis  or  spasm  of  the  muscles  of  respiration  from  drugs,  tumors 
pressing  upon  the  air  passages,  or  diseases  of  the  lungs  themselves,  or 
irrespirable  gases  which  exclude  oxygen  from  the  lungs,  may  induce 
asphyxia. 

External  Inspection. — The  body  should  be  examined  for  marks  of  violence, 
the  cavities  of  the  mouth  and  nose  for  foreign  substances. 

The  face  may  be  livid  and  swollen  or  present  a  natural  appearance.  The  conjunc- 
tiva may  be  congested  and  ecchymotic.  There  may  be  small  ecchymoses  on  the  face, 

neck,  and  chest.  The  mouth  often  contains  frothy  blood  and  mucus.  The  tongue 
may  be  protruded. 

Internal  Examination. — The  brain  and  its  membranes  may  be  congested,  or 
ansemic  and  cedematous,  or  unchanged.  The  blood  throughout  the  body  is  usually 
dark-colored  and  fluid. 

The  larynx  may  contain  foreign  bodies  which  have  induced  the  suffocation.  The 
mucous  membrane  of  the  larynx,  trachea,  and  bronchi  may  be  congested  and  some- 

times ecchymotic:  these  passages  contain  frothy  blood  and  mucus.  The  lungs  are 
usually  congested  and  a?dematous,  but  sometimes  do  not  differ  from  their  ordinary 
appearance.  There  may  be  small  patches  of  emphysema  near  the  surface  of  the  lungs. 
Sometimes,  especially  in  infants,  small  ecchymoses  are  found  in  the  costal  and  pul- 

monary pleura. 
The  heart  usually  presents  its  right  cavities  full  of  blood,  its  left  cavities  empty; 

but  to  this  there  are  frequent  exceptions. 
The  abdominal  viscera  are  usually  congested. 
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DEATH  FROM  STRANGULATION— HAlfGING. 

Strangulation  is  effected  by  the  weight  of  the  body  in  hanging,  by 

pressure  on  the  neck  with  the  hands  or  by  some  other  object,  or  by  con- 
striction of  the  neck  with  a  cord  or  ligature  of  some  kind.  Death  usually 

occurs  by  asphyxia,  or  by  asphyxia  combined  with  the  effect  of  the 
cutting-off  of  the  blood  supply  to  the  brain  by  pressure  on  the  large 
vessels  of  the  neck.  In  some  cases  of  hanging,  death  ensues  as  a  result 
of  fracture  or  dislocation  of  the  cervical  vertebrae. 

External  Inspection. — The  face  may  be  livid  and  swollen,  the  eyes  prominent, 
the  lips  swollen,  and  the  tongue  protruded.  These  appearances  are,  however,  often 
absent.  Erection  of  the  penis,  ejaculation  of  semen,  and  evacuation  of  feces  and 
urine  are  frequently  observed. 

In  many  cases  marks  are  left  upon  the  neck  by  the  objects  which  have  directly 

produced  the  strangulation.  In  cases  of  hanging,  the  mark  about  the  neck  varies  con- 
siderably in  position,  direction,  and  general  characters,  depending  upon  the  kind  of 

ligature  employed,  the  time  of  suspension,  period  after  death  at  which  the  observation 
is  made,  etc.  The  most  common  mark  left  by  a  cord  about  the  neck  is  a  dry,  dense, 
brownish  furrow,  whose  breadth  corresponds  but  in  a  very  general  way  with  the  diam- 

eter of  the  cord.  In  some  cases,  according  to  Tidy  and  others,  there  may  be  no  mark 
at  all  if  the  hanging  be  quickly  accomplished  with  a  soft  ligature  and  the  body  cut 
down  immediately  after  death.  There  may  be  abrasions  and  ecchymoses  of  the  skin 
at  the  seat  of  ligature. 

In  cases  of  strangulation  by  the  fingers  the  mark  on  the  neck  may  correspond  in  a 
general  way  to  the  shape  of  the  fingers. 

The  application  of  the  same  forces  immediately  after  death  may  produce  the  same 
marks  as  when  death  is  induced  by  them. 

Internal  Examination. — The  brain  and  its  membranes  may  be  congested,  or 
there  may  be  extravasation  of  blood,  or  there  may  be  no  abnormal  appearances. 

The  Neck. — In  some  cases  there  is  effusion  of  blood  beneath  the  ligature,  rup- 
ture of  the  cervical  muscles,  fracture  of  the  os  hyoides  and  cartilages  of  the  larynx, 

fracture  and  dislocation  of  the  cervical  vertebrae,  rupture  of  the  internal  vertebral 
ligaments  and  of  the  inner  and  middle  coats  of  the  carotid  arteries.  Similar  changes 
may  be  produced  in  the  dead  body  by  the  use  of  great  violence. 

If  death  occur  from  asphyxia,  the  internal  lesions  are  similar  to  those  described 
above.  In  some  cases — for  example,  where  death  has  occurred  from  fright  or  shock — 
the  results  of  post-mortem  examination  are  entirely  negative. 

DEATH  FROM  DROWIONG. 

In  examining  the  bodies  of  persons  who  are  supposed  to  have  been 
drowned,  it  is  necessary  to  bear  in  mind  a  number  of  questions  which 
may  arise:  Whether  the  person  came  into  the  water  alive  or  dead? 
How  long  a  time  has  elapsed  since  death?  Whether  the  person  has  com- 

mitted suicide,  or  was  drowned  by  accident,  or  was  murdered?  These 
questions  are  to  be  solved  sometimes  certainly,  sometimes  with  prob- 

ability, sometimes  not  at  all,  by  the  post-mortem  examination.  Per- 
sons dying  in  the  water,  to  which  condition  the  term  drowning  is  com- 

monly applied,  may  die  from  asphyxia,  from  exhaustion,  from  fright 
or  syncope,  from  disease  of  the  heart,  apoplexy,  injuries,  etc.  While 
in  the  majority  of  cases  asphyxia  is  a  predominant  or  important  factor 
in  death  by  drowning,  the  conditions  under  which  death  occurs  are  so 
apt  to  be  complex  that  in  the  minority  of  cases  only  are  the  lesions  of 
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pure  asphyxia  found  after  death,  while  in  most  cases  the  bodies  present 
the  more  or  less  well-marked  lesions  of  asphyxia  together  with  those 
indicative  of  complicating  conditions.  There  are  no  post-mortem  con- 

ditions which  alone  are  absolutely  characteristic  of  drowning,  and  it  is 
only  by  considering  all  the  facts  elicited  by  the  autopsy  together  that 
any  just  conclusion  can  be  arrived  at.  It  should  always  be  borne  in 
mind,  moreover,  that  even  the  most  characteristic  of  the  evidences 
of  drowning  are  apt  to  be  modified  or  to  disappear  as  decomposition 

goes  on. 

External  Inspection. — Post-mortem  rigidity  usually  sets  in  early,  sometimes 
immediately  after  death.  Decomposition  progresses,  especially  in  summer,  with 
unusual  rapidity  in  bodies  which  have  been  removed  from  the  wat^r.  Frequently, 
but  by  no  means  constantly,  the  peculiar  roughening  of  the  skin,  known  as  goose-skin 
(cutis  anserina),  is  found,  but  this  may  occur  after  death  from  other  causes.  A  light, 
lathery  froth,  either  white  or  blood-stained,  is  frequently  seeh  about  the  mouth  and 
nostrils  within  twelve  to  twenty-four  hours  after  removal  of  the  body  from  the  water, 
but  it  may  be  absent,  and  may  be  seen  after  death  from  other  causes.  After  the  body 
has  lain  for  several  hours  in  the  water  (twelve  to  twenty-four)  the  thick  skin  of  the 
palms  of  the  hands  and  soles  of  the  feet  may  become  macerated  and  thrown  into 
coarse  wrinkles,  just  as  it  may  after  prolonged  soaking  during  Hfe,  or  in  a  dead  body 
thrown  into  the  water.  The  penis  and  nipples  may  be  retracted,  and  the  scrotum 
shrunken,  but  this  is  not  constant  nor  characteristic. 

If  the  person  has  struggled  in  the  water  and  clutched  at  objects  within  his  reach, 
there  may  be  evidences  of  this  in  excoriation  of  the  fingers  or  in  the  presence  of  sand, 
weeds,  etc.,  under  the  nails  or  grasped  in  the  hands. 

External  marks  of  injury,  bruises,  etc.,  should  be  sought  for,  since  persons  in  dying, 
or  on  being  thrown  into  the  water  with  homicidal  intent,  may  have  died  from  the 
violence,  and  not,  strictly  speaking,  from  drowning.  It  should  also  be  borne  in  mind 
in  such  complex  cases  that  inj  uries,  not  in  themselves  fatal,  may,  when  the  body  is  in 
the  water,  prove  so  on  account  of  the  inability  of  the  person  to  rescue  himself  or  gain 
time  for  recovery  from  the  injury,  and  that  then  the  struggle  for  breath  may  be  but 
slight,  and  the  more  prominent  signs  of  drowning  but  little  marked. 

Internal  Examination. — The  Brain. — Congestion  of  the  brain  and  its  mem- 
branes is  found  only  in  a  small  proportion  of  cases. 

The  bloody  when  death  occurs  from  asphyxia,  is  usually  fluid  throughout  the  body 
and  of  a  dark  color,  as  in  asphyxia  from  other  causes. 

The  Air  Passages. — In  persons  who  die  from  asphyxia  the  mucous  membrane  of 
the  larynx,  trachea,  and  bronchi  is  usually  congested,  and  the  air  passages  contain  a 
variable  quantity  of  bloody  or  mucous  froth.  In  persons  dying  in  the  water  from 
other  causes  than  asphyxia,  these  appearances  are  absent.  Foreign  substances  from 
the  water,  such  as  sand,  weeds,  etc.,  or  materials  regurgitated  from  the  stomach,  may 
find  their  way  into  the  air  passages  during  the  act  of  drowning  or  as  a  post-mortem 
occurrence.  Thus,  in  bodies  washed  about  the  bottom,  sand  or  mud  may  get  into  the 
air  passages  for  a  certain  distance,  from  the  mechanical  action  of  the  water. 

The  lungs  in  typical  cases  are  distended  so  that  they  fill  the  thorax  and  cover 
the  heart.  The  increased  size  is  due  partly  to  congestion,  partly  to  the  presence  of  the 
fluid  in  which  the  person  was  drowned,  which  is  often  inspired  during  the  act  of  drown- 

ing, and  partly  to  the  distention  of  the  air  vesicles  with  air.  In  cases  of  drowning  in 
which  there  is  a  struggle  and  water  is  breathed  in,  the  lungs  may  contain  considerable 
fluid ;  but,  as  a  result  of  decomposition,  this  may  find  its  way  in  greater  or  less  quantity 
into  the  pleural  cavities  by  transudation,  leaving  the  lungs  comparatively  empty. 
It  should  be  remembered,  however,  that  a  considerable  quantity  of  reddish  fluid  may 
collect  in  the  pleural  cavities  under  other  conditions  than  drowning,  through  a  post- 

mortem change,  by  transudation  from  the  blood-vessels  and  other  adjacent  tissue. 
The  Heart. — In  those  who  die  from  asphyxia  the  right  cavities  are  usually  filled 
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witb  fluid  blood,  while  the  left  cavities  are  empty.     But  when  death  is  due  to 
plex  causes  this  may  not  be  the  case. 

The  abdominal  vixera  may  be  congwted  in  persons  who  die  from  asphyxia. 

The  Stomach.— The  fluid  in  which  the  person  was  drowned,  sometimes  mixed 
with  sand,  weedn,  etc.,  may  be  swallowed  during  the  act  of  drowninf;.  Sand  may 
wash  for  a  short  distance  into  the  tesophagua  after  death,  in  bodies  washing  about  the 
bottom. 
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Id  persons  dying  in  the  water  from  syncope,  shock,  etc.,  we  may  ftnd  no  lesions. 
When  the  death  is  partly  due  to  asphyxia  and  partly  to  other  causes,  the  lesions  may 
vary  in  numerous  ways,  which  need  not  be  described  here. 

In  important  cases  of  doubtful  drowning  it  is  desirable  carefully  to  collect  and 
save  some  of  the  fluid  from  the  lun)(a  and  stomach  for  micro-chemical  examination, 
since  the  identification  of  these  fluids  with  those  in  which  the  person  was  presumably 
drowned  will  often  give  certainty  to  an  otherwise  doubtful  case. 

For  the  detailed  consideration  of  the  anatomical  diagnosis  of  drowning,  the  changes 
which  bodies  dead  from  drowninfc  undergo  from  decomposition,  and  the  factors 
bearing  on  the  question  of  suicide,  homicide,  etc.,  we  refer  to  works  on  medical 

jurisprudence. 

Sudden  Death. 

Some  forms  of  suddun  death  from  violence  have  been  already  consid- 

ered.    Aside  from  these,  by  sudden  death,  in  the  ordinary  sense,  is  usu- 

Bhowing  enlarged  lymph  nodules  Hi  the  baw  of  Ihe  loHKiie  and  in  the  walls  of  the  pharj'nx. 

ally  meant  "the  rapid  and  unforeseen  termination  of  a  latent  acute  or 

chronic  disease."  We  shall  not  consider  here  sudden  death  either  from 
violence  or  poisoning  or  in  well-defined  and  evident  acute  or  chronic 

diseases:  it  will  be  practicable  only  to  enumerate  some  of  the  more  com- 

mon conditions  umler  which  sudden  death  may  occur— and  first  in  the 
adiitl. 
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Circtdatory  System.— He&H— fatty  degeneration,  chronic  myocarditis 
abBcess  of  the  myocardium,  rupture,  lesions  of  the  coronary  arteries, 

endocarditis,  and  pericarditis.  Blood-vessels — arterio -sclerosis,  aneu- 
risms— especially  intracranial,  intra  pericardial,  abdominal,  and  pulmo- 
nary; rupture  of  the  aorta,  congenital  narrowness  of  the  aorta,  thrombosis 

and  embolism  of  the  pulmonary  or  cerebral  arteries. 

Brain — hEemorrhage,  meninp;itia,  abaeesses,  and  tumors.  Very  slight 
injuries  of  various  parts  of  the  body  have  been  followed  by  sudden 
death,  probably  through  inhibition.  Syncope  or  shock  may  terminate 
in  death. 

Respiratory  SyMem. — Foreign  bodies  lodging  at  the  entrance  to  the 
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larynx  are  not  infrequently  followed  by  immediate  death  without  evi- 
dence of  asphyxia  (Fig.  277).  (Edema  of  the  glottis,  oedema  of  the  lungs, 

hypertrophy  of  the  thyroid,  mediastinal  tumors,  pleurisy,  and  pneumo- 
thorax may  lead  to  sudden  death. 

Abdominal  Viscera. — Rupture  of  visceral  abscesses;  perforation  of 
ulcers  of  the  gastro-intestinal  canal;  rupture  of  the  spleen,  especially 
if  the  latter  be  enlarged  as  in  malaria;  extra-uterine  gestation,  retro- 

uterine haematocele,  and  rupture  of  the  uterus,  are  among  the  lesions  not 
infrequently  leading  to  sudden  death. 

Sudden  death  is  frequent  in  diabetes,  in  various  forms  of  kidney 
lesion  and  in  alcoholism,  and  in  association  with  the  so-called  lymphatic 
constitution.^ 

Sudden  death  in  young  children  is  most  often  associated  with  disorders 
of  the  respiratory  system,  thus  differing  from  adults,  in  whom  lesions  of 
the  circulatory  system  are  of  the  greatest  significance.  Brouardel  attrib- 

utes sudden  death  in  children  usually  to  one  of  five  principal  causes- 
syncope,  convulsions,  asphyxia,  pulmonary  congestion,  and  intestinal 
disorders.  A  large  thymus  (Figs.  275  and  276)  with  the  lymphatic  con- 

stitution is  frequent  in  cases  of  sudden  death  in  young  children.' 
1  .See  Evnnff,  New  York  Med.  Jour.,  vol.  Ixvi.,  p.  37,  1897,  bibl. 

2  For  further  details  on  sudden  death  consult  Brouardel,  "Death  and  Sudden  Death,'*  English 
translation,  1897;  also  Ewing,  in  Peterson  and  Haines'  "Text-book  of  Legal  Medicine,"  1903. 
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SPECIAL  PATHOLOGY. 

General  Considerations. 

We  have  now  completed  the  study  of  those  fundamental  processes 
and  structural  alterations  which  are  embraced  in  general  pathology. 
These  have  been  considered  without  reference  to  special  regions  or 
organs  of  the  body.  We  now  enter  upon  the  study  of  these  pathological 
processes  and  their  associated  lesions  as  they  are  modified  by  the  special 
conditions  and  characteristic  structures  of  one  and  another  of  the  tissues 

or  organs  or  regions  of  the  body.  It  is  clear  that  both  the  disease  proc- 
esses and  the  structural  alterations  with  which  these  are  associated 

may  be  modified  by  the  functional  and  structural  peculiarities  of  the 
affected  organ.  Thus  while  degeneration,  regeneration,  inflammation, 
etc.,  may  be  fundamentally  similar,  for  example,  in  liver,  kidney,  and 
nerve,  they  may  present  sufficient  variation  in  one  or  another  of  these 
parts  to  require  a  separate  consideration  and  even  a  special  nomen- 

clature. We  shall  have  occasion  to  call  attention  now  and  then  to  those 
functional  and  structural  characteristics  of  the  organs  which  often  throw 
much  light  upon  their  mode  of  response  to  the  various  excitants  of 
disease. 

It  is  well,  on  the  other  hand,  to  remember  that  there  are  in  all  the 
organs  and  in  most  parts  of  the  body  certain  elementary  structures,  such 
as  connective  tissue,  blood-  and  lymph-vessels,  and  nerves,  whose  lesions 
are  quite  similar  wherever  they  may  be.  So  that  many  forms  of  lesion 
involving  these  structures,  while  of  varying  significance  to  the  organism, 
differ  in  the  various  parts  of  the  body  chiefly  in  distribution  or  topography. 
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CHAPTER  I. 

THE  BLOOD  AND  THE  BLOOD-FORMING  ORGANS. 

Changes  in  the  Composition  and  Structure  of  the  Blood.  ̂  

The  Coagulability  of  the  Blood  and  the  characters  of  the  resulting 
clot  vary  widely,  depending  partly  upon  the  composition  of  the  blood 
and  partly  upon  the  conditions  under  which  the  coagulation  occurs. 
There  may  be  very  little  coagulation  of  the  blood  in  death  from  suffoca- 

tion, or  from  conditions  which  interfere  with  the  aeration  of  the  blood 
and  permit  the  accumulation  of  carbonic  acid  within  it.  Thus,  in  death 
from  strangulation,  high-voltage  electric  currents,  drowning,  many 
chronic  diseases,  or  scurvy,  and  under  many  conditions  which  we  do  not 
understand,  the  blood  may  remain  fluid,  or  nearly  so,  after  death.  On 
the  other  hand,  in  a  variety  of  infectious  diseases,  such  as  rheumatism, 
pneumonia,  etc.,  very  voluminous  clots  may  be  formed,  although  this  is 
by  no  means  constantly  the  case.  The  fact  that  large  clots  form  after 
death  is  not  conclusive  evidence  that  an  undue  amount  of  fibrin-forming 
elements  was  present  in  the  blood,  nor  does  the  absence  of  marked  coagu- 

lation prove  a  diminution  in  the  blood  of  fibrin-forming  elements. 
The  composition  of  the  clot  varies  with  the  rapidity  of  its  formation 

and  with  the  specific  gravity  of  the  plasma.  Clots  very  rapidly  formed 
in  plasma  of  high  specific  gravity,  or  in  still  slowly  circulating  blood, 
are  apt  to  be  dark  red,  from  admixture  of  red  cells  and  fibrin.  After 
complete  failure  of  circulation,  especially  in  plasma  of  low  specific  grav- 

ity, the  red  cells  tend  to  settle  to  dependent  vessels.  Yellowish  whit^ 
succulent  clots  then  form  in  the  clear  supernatant  plasma,  while  soft 
black  clots  result  from  the  excess  of  red  cells  collected  in  the  dependent 
vessels. 

The  current  theory  of  coagulation  of  the  blood  is  that  four  factors 
are  necessary  for  the  production  of  fibrin:  fibrinogen,  prothrombin, 
thrombokinase,  and  calcium  salts.  By  the  interaction  of  the  latter  three, 
thrombin  is  produced;  and  this  substance  acting  on  fibrinogen  causes 
the  formation  of  fibrin,  or  clotting.  The  fibrinogen  is  in  solution  in  the 
plasma.  By  the  action  of  thrombin  upon  it,  it  is  split  into  a  soluble 
serum  globulin  and  fibrin.  Prothrombin  is  present  in  the  circulating 
blood  and  of  itself  has  no  action  on  fibrinogen,  but  in  the  presence  of 
thrombokinase  and  a  calcium  salt,  a  new  body,  thrombin,  is  formed, 
which  acts  upon  fibrinogen.  Thrombokinase  is  not  found  in  the  plasma 

of  the  circulating  blood,  but  is  present  in  the  tissues  and  in  the  leuco- 
1  A  full  discu&sion  of  the  subjects  in  this  chapter  can  be  found  in  Ewing,  "Clinical  Pathology  of  the 

Blood,"  1903:  DaCoata,  Clinical  Hematology,  1905;  and  Naegeli,  Blutkrankheiten  und  Blutdiag- 
nostik,  Leipzig,  1908. 
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cytes  and  blood  platelets  of  the  blood.  Thrombin  is  formed  by  its  action, 
and  the  greater  the  quantity  added  to  the  blood  from  the  tissues  or 
formed  elements,  the  more  rapid  is  the  change  of  prothrombin  into 
fibrin. 

The  time  of  coagulation  of  the  blood  in  healthy  persons  is  fairly  con- 
stant when  determined  by  satisfactory  methods.  In  disease,  consider- 

able variations  have  been  noted  in  the  coagulation  time.  In  cases  of 
hereditary  haemophilia  the  blood  may  require  60  to  70  minutes  to  coagulate 
instead  of  the  normal  7  to  10  minutes.  In  jaundice  the  coagulability  of 
the  blood  may  be  impaired.  Some  of  the  severe  anaemias  and  purpuras 
may  also  show  moderate  slowing  of  coagulation.  Repeated  haemorrhages 
shorten  the  time  of  coagulation.  It  has  been  stated  that  the  injection 
of  gelatine  into  the  vessels  and  the  ingestion  of  calcium  chloride  or  lactate 
also  shorten  the  coagulation  time.  The  facts  concerning  calcium  chlo- 

ride are  fairly  well  established,  but  the  influence  of  gelatine  is  still  open 
to  question.  The  difliculty  lies  largely  in  our  inability  to  obtain  a  satis- 

factory quantitative  method  by  which  the  amount  of  thrombokinase 
can  be  accuratelv  determined,  and  the  influence  of  accidental  mechanical 
factors  can  be  eliminated. 

Reaction  of  the  Blood. — Owing  to  the  general  use  of  litmus  as  an 
indicator  the  reaction  of  the  blood  has  long  been  considered  to  be  alkaline. 
This  substance,  however,  does  not  afford  reliable  determinations  of  the 
actual  reaction,  and  it  has  lately  been  shown  by  physico-chemical 
methods  that  the  blood  may  be  considered  as  approximately  a  neutral 
fluid;  that  is,  that  the  proportion  between  the  hydrogen  and  the  hydroxyl 
ions  is  nearly  the  same  as  in  distilled  water.  The  reason  for  the  apparent 
alkalinity  to  litmus  and  the  real  neutrality  of  the  blood  is  that  there  are 
present  in  this  fluid  substances  which  when  dissociated  act  both  as  acids 
and  as  alkalies.  The  acids  are  represented  by  the  carbon  dioxide  dis- 

solved in  the  plasma  and  phosphoric  acid  present  as  a  monosodium 
salt.  The  alkalies  are  represented  by  sodium  bicarbonate  and  disodium 
phosphate  which  are  alkaline  in  reaction.  The  proteids  of  the  blood 
also  act  both  as  bases  and  as  acids.  Litmus  not  being  sensitive  to  carbon 
dioxide  is  turned  blue  by  the  excess  of  basic  ion  present.  If,  however, 
a  more  sensitive  indicator  is  used,  such  as  phenolphthalein,  no  alteration 
in  the  color  is  produced;  in  other  words,  the  blood  is  actually  acid  to 

that  substance.  For  clinical  purposes  the  best  indicator  is  rosolic  acid,* 
which  is  capable  of  demonstrating  slight  variations  on  either  the  acid  or 
the  alkaline  side. 

All  the  older  observations  based  upon  litmus  as  an  indicator  must  be 
revised,  and  there  are  at  present  but  few  reliable  determinations  avail- 

able. These  show  that  even  in  diabetes  with  a  high  content  of  beta- 
oxybutyric  and  aceto-acetic  acids  in  the  blood  there  is  but  very  slight 
alteration  in  the  reaction  towards  the  acid  side.  The  maximum  change 
obser\'ed  in  such  cases  does  not  render  the  blood  over  three  times  as  acid 
as  distilled  water,  and  so  great  is  the  binding  power  of  the  proteids  and 
so  large  an  amount  of  free  alkali  is  available  for  neutralization  that  the 

^AdUr,  Amer.  Jour.  Physiol.,  1907,  xix.,  1. 
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conclusion  must  be  drawoi  that  there  is  no  real  acid  intoxication  as 
indicated  by  marked  chahges  in  the  blood  reaction. 

Anhydrsemia — the  condition  in  which  the  blood  contains  an  excessive 
proportion  of  albumin,  cells,  and  other  solid  elements — occurs  in 
diseases  associated  with  excessive  serous  discharges  from  the  intestines. 
It  is  extreme  in  some  cases  of  cholera,  and  has  been  noted  in  a  lesser 
degree  in  other  infectious  diseases,  as  pneumonia  and  diphtheria. 

After  removal  of  large  quantities  of  fluid  from  the  peritoneal  or 
pleural  cavities  a  passing  concentration  of  the  blood  even  to  the  doubling 
of  the  number  of  red  corpuscles  present  may  be  observed.  This  is  due  to 
the  rapid  transudation  of  serum  from  the  blood  to  take  the  place  of  that 
withdrawn  from  the  serous  cavity.  When  the  balance  is  again  estab- 

lished the  anhydraemia  quickly  gives  place  to  the  opposite  condition, 
hydraemia. 

Hydrsemia  is  that  condition  in  which  the  blood  contains  a  large 
amount  of  water  in  proportion  to  the  solid  ingredients.  It  occurs  in  a 
variety  of  diseases  of  the  heart,  lungs,  liver,  and  kidneys,  and  character- 

izes all  forms  of  ansemia. 

Hsemoglobinsemia. — Owing  to  the  destruction  of  red  blood  cells  in 
some  forms  of  poisoning,  burning,  etc.,  the  blood  plasma  may  contain 
free  haemoglobin,  by  which  it  is  discolored  {hcemoglobinceynia)  ^  or  it  may 
be  stained  from  the  absorption  of  bile  pigment. 

A  similar  destruction  of  the  red  cells  with  solution  of  the  haemo- 
globin is  occasionally  observed  following  direct  transfusion  in  persons 

suffering  from  severe  anaemia,  especially  of  the  pernicious  type. 
Anaemia. — In  general,  anaemia  means  a  diminished  quantity  of  blood 

or  of  red  blood  cells  in  the  vessels  of  the  whole  or  any  part  of  the  body. 
With  one  exception — mild  chlorosis — it  is  invariably  characterized  by  a 
reduction  in  number  and  change  in  form  of  the  red  cells  (oligocythaemia), 
and  by  diminished  alkalinity  and  coagulability.  It  is  always  associated 
with  a  reduction  in  specific  gravity,  in  haemoglobin,  and  in  solid  elements. 
Hydraemia  and  an  increased  tendency  toward  osmosis  are  equally  con- 

stant features  of  this  condition.  The  albumens  remaining  in  the  serum 
after  coagulation  are  very  slightly  diminished  in  anaemia. 

Generally  speaking,  anaemia  is  produced  by  excessive  haematolysis, 
or  by  defective  haematogenesis,  or  by  actual  loss  of  blood,  in  bulk  (haem- 

orrhage) ,  or  in  its  fluid  ingredients  (transudation) . 
Anaemia  may  be  secondary  to  haemorrhage,  to  exudative  processes, 

to  prolonged  malnutrition,  to  chronic  organic  diseases  of  many  kinds, 
to  the  action  of  poisons,  to  congenital  hypoplasia  of  heart  and  arteries, 
to  functional  disturbances  of  an  unknown  nature  in  the  blood-forming 
organs,  and  to  wholly  unknown  causes.  Simple  atrophic  changes  in 
many  tissues,  hypertrophy  of  the  red  marrow,  lymph-nodes,  spleen,  liver, 
and  thymus,  fatty  degeneration  of  the  liver,  kidneys,  heart,  and  blood- 

vessels, with  capillary  haemorrhages  and  transudations,  are  frequent 
accompaniments  of  severe  anaemia. 

Polycythsemia. — By  polycythaemia  in  its  proper  usage  is  meant  an 
increase  in  the  number  of  corpuscles  in  the  blood  without  necessarily  an 
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increase  in  the  total  volume.  This  condition  is  frequently  noticed  in 
chronic  dyspnoea  from  either  congenital  or  acquired  heart  disease,  in 
certain  chronic  diseases  of  the  lungs  accompanied  by  cyanosis,  and  after 
poisoning  by  illumyiating  gas.  What  may  be  termed  a  physiological 
polycythaemia  has  been  observed  in  persons  living  at  high  altitudes. 
This  has  been  attributed  to  the  stimulating  effect  of  the  diminished 

oxygen  partial  pressure  on  the  blood-forming  organs,  which  causes  them 
to  produce  an  excessive  number  of  red  cells,  and  to  the  rapid  evaporation 
from  the  skin  which  takes  place,  thus  concentrating  the  blood  by  the 
transfer  of  plasma  from  the  blood  to  the  tissues.  The  question  can  not, 

however,  be  regarded  as  finally  settled.^ 
The  other  type  of  polycythsemia,  seen  in  diseases  in  which  the  circula- 

tion is  interfered  with,  is  probably  entirely  a  local  phenomenon,  the 
increase  in  the  number  of  corpuscles  being  due  in  all  probability  to  the 

concentration  of  the  blood-vessels  in  the  peripheral  capillaries.  This  is 
induced  by  the  increased  viscosity  of  the  blood  incident  upon  the  in- 

creased carbon  dioxide  content  following  the  imperfect  aeration  in  the 
lungs.  The  polycythsemia  disappears  in  such  cases  very  promptly  on 
inhalation  of  oxygen,  and  at  the  same  time  the  viscosity  falls.  As  soon, 
however,  as  the  oxygen  treatment  is  terminated  the  peripheral  stasis 

reappears.  In  cases  of  chronic  cardiac  disease  with  broken  compensa- 
tion the  disappearance  of  the  polycythsemia  is  noted  as  soon  as  the  heart 

lesion  improves.  While  the  polycythsemia  is  usually  a  general  phenom- 
enon, that  is,  the  blood  concentration  exists  in  all  the  peripheral  vessels, 

it  may  occasionally  be  local.  The  most  striking  example  of  such  local 
concentration  of  the  formed  elements  of  the  blood  is  seen  in  cases  of 

intrathoracic  tumor  with  a  compression  of  the  superior  vena  cava  and 
azygos  veins.  Under  these  circumstances  intense  congestion  of  the  upper 
extremity  may  be  induced,  and  blood  taken  from  the  finger  may  show  a 
million  more  red  cells  to  the  cubic  millimeter  than  that  taken  from 
the  toe. 

Plethora. — The  existence  of  a  true  plethora,  that  is,  an  increase  in 
the  volume  of  the  blood  accompanied  by  a  co-ordinate  increase  in  cor- 

puscles, has  long  been  debated;  but  recently  cases  have  been  reported, 
occurring  chiefly  in  persons  suffering  from  a  disease  of  unknown  etiology, 
generally  accompanied  by  hyperplasia  of  the  spleen  or  bone  marrow,  high 
blood  pressure,  and  cyanosis,  and  designated  clinically  as  polycythsemia 
or  ervthrsemia.  The  number  of  red  and  white  cells  and  the  amount  of 

hsemoglobin  are  greatly  increased.  The  condition  of  plethora  may  be 
suggested  at  autopsy  by  the  very  great  distention  of  all  the  vessels  and 

the  overfilling  of  the  organs  with  blood. ^  The  only  accurate  method, 
however,  is  to  determine  the  total  amount  of  blood  in  the  body  during 

life  by  the  relatively  simple  procedure  of  Haldane,'  by  which  the  patient 
inspires  a  measured  quantity  of  carbon  monoxide.     A  sample  of  the 

1  For  a  very  full  discussion  of  the  work  of  previous  observers  and  many  important  personal  observa- 
tions, see  Zuntz,  Lowy,  Muller,  u.  Caspari,  Hohenklima  u.  Bergwanderungen,  Berlin,  1906. 

2  Westenhoefer,  Ein  Beitrag  zur  pathologischen  Anatomie  der  plethora  vera,  Deutsch.  mad.  Wchn- 
schr.,  1907,  xxxiii.,  1446. 

»  Haldane  and  Smith,  Jour,  of  Physiol.,  1897,  xxii.,  231;  1900,  xxv.,  331. 
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blood  is  then  taken  and  analyzed  to  determine  what  percentage  of  haemo- 
globin has  been  altered  into  carbon  monoxide  haemoglobin.^ 

THE  RED  BLOOD  CELLS. 

These  may  be  diminished  in  number  and  may  undergo  various 
changes  in  shape  and  size  and  structure. 

Alteration  in  Number  of  the  Red  Blood  Cells. 

Oligocythsemia  is  that  condition  of  the  blood  in  which  the  number  of 
the  red  cells  is  reduced.  This  reduction  in  number  may  be  temporary, 
as  after  haemorrhage,  or  it  may  be  persistent,  as  in  some  forms  of  anaemia. 
The  number  of  red  blood  cells  may  in  extreme  cases  of  anaemia  be  reduced 

to  one-tenth  of  the  normal,  or  even  less;  that  is,  from  the  normal  num- 
ber, which  is  between  four  and  five  millions,  there  may  be  a  reduction  to 

half  a  million  or  less. 

A  persistent  diminution  in  the  number  of  red  cells  may  be  effected 
either  by  increased  destruction  {hwmatolysis)  or  by  defective  formation 
(hcematogenesis)  of  these  elements,  but  the  relation  of  the  two  factors  in 
the  production  of  the  chronic  anaemias  is  as  yet  imperfectly  determined. 

Excessive  hwmatolysis  occurs  after  burns,  is  the  result  of  poison- 
ing by  arsenic,  phosphorus,  and  chlorates,  phenylhydrazin,  nitrobenzol, 

acetanilid,  etc.,  and  may  occur  in  infectious  diseases  through  the  action 
of  bacterial  toxins.  All  stages  of  a  peculiar  destruction  of  red  blood 
cells  may  readily  be  followed  in  the  blood  in  malaria.  In  chronic  infec- 

tious diseases,  prolonged  suppuration,  and  in  the  cachexia  attending 
malignant  new  growths,  destruction  of  red  cells  is  probably  effected, 
in  part,  by  toxic  agents  circulating  in  the  blood.  In  pernicious  anaemia 
the  condition  of  the  blood  may,  with  considerable  certainty,  be  referred 
largely  to  a  destruction  of  red  cells  by  some  unidentified  toxic  material 
in  the  blood. 

In  the  destruction  of  the  red  cells,  especially  if  rapid,  haemoglobin 
may  separate  from  the  cells,  dissolve  in  the  plasma  (haemoglobinaemia) , 
and  may  then  be  excreted  unchanged  in  the  urine  (haemoglobinuria) . 
Such  destruction  occasionally  follows  chilling  of  the  extremities  after 

exposure  to  cold  in  persons  suffering  from  a  disease  known  as  paroxys- 

mal haemoglobinuria.^ 
The  gradual  and  more  common  form  of  destruction  of  red  cells  is 

attended  with  an  alteration  of  the  haemoglobin,  effected  chiefly  in  the 

liver,  and  with  its  deposit  in  the  endothelial  and  glandular  cells  of  vari- 
ous organs,  especially  in  the  liver,  spleen,  kidneys,  bone  marrow,  and 

secondarily  in  any  of  the  tissues. 

A  part  of  the  altered  haemoglobin  is  to  be  found  in  the  form  of  pig- 
ment granules,  or  as  a  diffuse  deposit,  in  the  cells  of  the  above-named 

organs,  where  its  content  of  iron  may  or  may  not  be  demonstrable  by 

*  For  a  full  review  of  the  subject  of  polycytha?inia,  er>'"thra'mia,  and  plethora,  see  paper  by  F.  P, 
Wd)er,  Quart.  Jour.  Med.,  1908,  ii..  85. 

'  For  an  interesting  study  of  the  conditions  underlying  the  haemolysis  which  occurs  in  paFoxjrsmal 
haemoglobinuria  see  Donath  and  Landstciner,  Zeit.  f.  klin.  Med.,  Bd.  Iviii.,  1906,  p.  173. 
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microchemical  tests  (hcemosiderin) .  Another  product  of  the  hsemoglo- 
bin,  not  containing  iron,  may  be  found  in  the  same  situations,  in  the 
fonns  of  granules  or  crystals  {hcematoidin) .  Finally,  the  derivatives  of 
haemoglobin  are  excreted  largely  in  the  form  of  normal  or  pathological 
urinary  pigment.  The  remaining  fragments  and  stroma  of  the  red  cells 
are  soon  removed  from  the  circulation  largely  by  leucocytes,  and  partly 
by  endothelial  cells  and  giant  cells,  in  the  liver,  spleen,  and  marrow. 

Defective  h^ematogenesis  must  be  regarded  as  an  important  factor 
in  the  production  of  such  anaemias  as  are  associated  with  pathological 

changes  in  the  bone  marrow  (pernicious  anaemia) ,  and  in  the  lymph-nodes 
spleen,  and  liver  (leukaemia).  This,  too,  is  probably  the  chief  cause  of  the 
persistence  of  an  anaemia  following  prolonged  malnutrition  (secondary 

anaemia).  The  pathological  changes  in  the  blood-producing  organs  may 
sometimes  arise  as  primary  diseases  of  these  organs,  or  similar  changes 
may  be  secondary  to  excessive  demands  for  the  regeneration  of  the  blood. 
In  mild  grades  of  anaemia  the  regeneration  of  the  blood  is  attended  with 
an  hyperplasia  of  the  red  marrow,  which  replaces  the  yellow  marrow  of 
the  long  bones.  The  chief  defect  in  the  production  of  red  cells  may  then 
be  a  deficiency  in  haemoglobin  (chlorosis).  In  severe  and  prolonged 
anaemia,  under  the  influence  of  toxic  agents  in  the  blood,  the  reproduction 
of  cells  may  be  insufficient,  and  these  new  cells  may  be  more  susceptible 
to  the  action  of  the  toxic  agent,  which  is  itself  the  cause  of  their  structural 
defects.  In  such  cases  the  normoblasts  of  the  marrow  may  be  produced 
in  very  large  numbers  and  form  red  cells  of  normal  or  slightly  diminished 

size,  or  they  may  be  replaced  by  very  large  nucleated  red  cells  {megalo- 
blasts) ;  from  these  are  developed  very  large  red  cells  which  are  compara- 

tively incapable  of  the  functions  of  the  normal  cell.  The  megaloblastic 
form  of  regeneration  is  confined  to  the  anaemia  of  a  pernicious  type,  with 
the  exception  of  the  form  due  to  the  Bothriocephalus  latus  or  that 

following  the  prolonged  action  of  certain  organic  poisons  such  as  nitro- 
benzol. 

Alterations  in  Morphology  of  the  Red  Blood  Cells. 

In  mild  forms  of  ancemia  the  red  cells  are  deficient  in  haemoglobin,  the 
blood  may  be  pale  or  watery  in  appearance,  and  the  cells  appear  in  the 
fresh  condition  as  very  pale  discs  or  as  slightly  refractive  rings  enclosing 
a  nearly  colorless  central  mass.  In  dry  preparations  stained  with  eosin, 
such  cells  may  show  only  a  narrow  red  ring  surrounding  a  central  por- 

tion which  is  entirely  devoid  of  haemoglobin.  In  this  grade  of  anaemia 
there  may  be  noted  moderate  differences  in  size  and  irregularities  in 
shape  of  the  red  cells.  In  severe  anaemia  and  under  a  variety  of  con- 

ditions, as  after  certain  forms  of  poisoning,  extensive  burns,  etc.,  varying 
numbers  of  very  small  red  cells  are  seen,  called  microcytes.  They  are 
spheroidal  or  irregular  in  shape,  may  be  excessively  minute,  and  their 
haemoglobin  is  either  increased,  or  normal,  or  diminished.  Under  similar 
conditions,  a  variety  of  bizarre  forms  of  red  cells  are  found,  called  poiki- 
locytes.     In  certain  forms  of  anaemia  very  large  red  cells  occur  in  consider- 
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able  numbers.  These  cells,  called  megalocytes,  are  derived  from  the  large 
nucleated  red  cells  of  the  marrow,  and  their  appearance  in  the  blood 
indicates  the  early  onset  or  actual  establishment  of  some  form  of  pro- 

gressive pernicious  anaemia  (see  Plate  II.,  Fig.  4). 
Amoeboid  movement  of  megalocytes  has  been  observed  in  specimens 

from  the  blood  of  pernicious  anaemia  examined  on  a  warm  stage.  The 
tendency  of  the  red  cells  to  form  rouleaux  is  much  diminished  or  absent 
in  very  grave  anaemia. 

Not  infrequently  a  loss  of  haemoglobin  is  associated  with  a  change  in 
the  stroma  of  the  cell,  so  that  the  mass  stains  slightly  with  methylene 
blue.  To  this  change  the  name  of  anaemic  or  polychromatophilic  degen- 

eration has  been  given,  and  it  is  thought  to  show  a  more  or  less  com- 
plete coagulation  necrosis  by  which  change  the  protoplasm  of  the  red  cell 

becomes  more  basophilic^  in  its  staining  reaction,  though  recent  investi- 
gations have  shown  that  similar  cells  are  present  in  normal  bone  marrow 

and  in  the  blood  of  the  foetus.  It  is  therefore  probable  that  our  staining 
methods  do  not  differentiate  between  a  degenerative  change  in  the  body 
of  the  cell  and  a  condition  expressive  of  physiological  youth.  Normally, 
perhaps,  such  cells  are  retained  in  the  marrow  until  fully  developed  and 
only  appear  in  the  blood  when  excessive  demands  are  made  upon  the 
blood-forming  organs. 

Instead  of  a  uniform  absorption  of  the  dye  some  parts  of  the  cell  may 
be  condensed  in  the  form  of  small  granules  or  rings  occupying  the  cell 
body  and  staining  more  deeply  with  methylene  blue  than  do  normal 
cells  (granular  degeneration). 

It  should  be  remembered  that  during  the  manipulations  required  in 
making  dried  specimens  the  red  cells  may  suffer  a  variety  of  artificial 
changes,  many  of  which  are  very  confusing. 

Nucleated  red  blood  cells  are  found  in  the  blood  in  all  forms  of  anaemia, 
and  their  appearance  indicates  regenerative  activity  on  the  part  of  the 

blood-producing  organs.  Their  presence  in  the  blood  in  large  numbers, 
though  at  all  periods  of  extra-uterine  life  abnormal,  has  been  regarded 
as  of  favorable  import  in  disease.  Within  a  few  hours  after  severe 

haemorrhage  nucleated  red  cells  may  be  noted  in  considerable  numbers.^ 
During  the  regeneration  of  the  blood  in  anaemia,  the  occurrence  of  nucle- 

ated red  cells  is  nearly  constant,  but  subject  to  rather  sudden  periodical 

variations  sometimes  called  *'  blood  crises. ^^  In  favorable  cases  of  anaemia 
nucleated  red  cells  of  normal  size  only  (normoblasts)  (Plate  II.,  Figs. 
2  and  3)  are  seen,  whose  compact,  darkly  staining  nuclei  may  be  found 
either  in  the  centre  of  the  cell  or  slightly  protruding  from  the  periphery; 
or,  nuclei  apparently  quite  extruded  from  the  cell  may  be  found  free  in 
the  plasma. 

In  severe  anaemia  attended  with  an  abnormal  type  of  blood  formation, 

^  It  is  convenient  to  classify  the  dyes  used  in  staining  into  the  acid,  the  neutral,  and  the  basic,  and 
to  designate  cells,  in  accordance  with  the  relative  persistency  with  which  they  hold  these  dyes,  as  acido- 
phile,  neutrophile,  or  basophile. 

*  The  appearance  of  nucleated  red  cells  and  abnormal  fonns  has  been  frequently  noted  in  those  who 
have  recently  arrived  in  mountainous  regions,  the  probable  explanation  being  that  the  lowered  oxy- 

gen tension  of  the  rarefied  air  demands  a  larger  amount  of  haemoglobin  to  supply  the  wants  of  the  tissues, 
with  the  result  that  for  a  short  time  immature  red  cells  are  set  free  from  the  bone-marrow. 
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very  large  nucleated  red  cells  {megaloblasts)  (Plate  II.,  Fig.  4)  appear 
in  varying  numbers.  The  protoplasm  of  these  cells  often  shows  an 
excess  of  haemoglobin,  but  frequently  the  purple  stain  produced  by  a 
combination  of  the  eosin  and  methylene  blue  indicates  an  altered  form 
of  haemoglobin,  or  very  fine  basophile  granules  may  be  demonstrated 
by  treatment  with  methylene  blue.  The  nuclei  of  the  megaloblasts 
may  be  single  and  compact,  or  a  single  large  nucleus  may  show  stages  of 
direct  division,  or  in  extremely  large  cells  {gigantoblasts)  the  nuclei  may 
present  phases  of  mitosis. 

THE  WHITE  BLOOD  CELLS. 

The  Leucocytes  of  Normal  Blood. 

The  leucocytes  of  normal  blood  may  be  classified  according  to  their 
place  of  origin,  or  by  the  character  of  their  nuclei,  or  by  the  reaction 

of  the  granules  in  their  protoplasm  to  certain  dyes.  The  most  service- 
able classification  is  that  based  both  upon  the  character  of  the  nucleus 

and  upon  the  reaction  of  the  protoplasm  to  dyes,  according  to  which  we 
may  distinguish  in  normal  blood  the  following  forms  (see  Plate  II.,  Fig.  1) : 

1.  Ljrmphocytes,  small  leucocytes  of  about  the  size  of  red  cells  or 
larger,  with  a  single,  compact,  deeply  staining  nucleus,  surrounded  by  a 
thin  rim  of  homogeneous  protoplasm.  The  cell  body  usually  possesses 
a  stronger  basophilic  reaction  than  the  nucleus,  so  that  in  staining  with 
methylene  blue  the  nucleus  shows  as  a  pale  spot  in  the  centre  of  the  dark 
ring  of  the  cell  body.  This  ring  is  often  ragged  in  its  outline  and  may 

show  distinct  projections  which  are  sometimes  cast  off  into  the  circu- 
lating blood.  Large  and  small  lymphocytes  may  be  distinguished 

(Plate  II.,  Fig.  5). 

When  deeply  stained  with  a  methylene  azure-eosin  mixture,  the 
bodies  of  a  certain  number  of  the  lymphocytes  show  moderate  numbers 

of  so-called  azure  granules.  These  granules  are  usually  not  found  in  the 
lymphocytes  from  normal  blood.     They  have  been  variously  interpreted 
(a)  as  granules  of  the  same  specific  quality  as  those  in  other  leucocytes, 

(b)  as  secretory  products  of  the  cell  protoplasm  occurring  during  degen- 
erative changes,  and,  finally,  (c)  as  very  small  nuclear  fragments  set  free 

in  the  protoplasm  of  the  cell.  The  last  view  is  strongly  suggested  by 
morphological  appearances  in  the  cells. 

2.  Large  mononuclear  leucocytes,  with  a  single,  compact  or  vesicular, 

rather  faintly  staining  nucleus,  and  a  relatively  large  amount  of  proto- 
plasm which  stains  much  less  strongly  than  the  nucleus.  According  to 

Ehrlich,  these  cells  represent  a  type  different  from  the  lymphocytes;  but 
it  is  often  difficult  to  make  such  a  distinction  on  a  morphological  basis. 
At  the  present  time  they  are  usually  classed  as  belonging  to  the  group  of 
large  lymphocytes,  though  some  observers  consider  them  as  precursors 
of  the  myelocytes.     They  may  contain  azure  granules. 

3.  Transitional  leucocytes,  of  the  same  size  as  many  of  the  large 
mononuclear   leucocytes,    with   a   compact    of   vesicular,   irregular   or 



Description  of  Plate  II. 

All  the  Specimens  are  Stained  with  Eosin  and  Methylene -azure. 

Fio.  1.  N0RUA.L  Blood. — The  red  cella  are  nearly  uniform  in  sixe  and  shape.  The  hsmogk^in 
is  fairly  evenly  distributed,  but  is  slightly  more  dense  near  the  periphery  than  at  the  centre,  especially 
in  those  cells  which  have  dried  slowlv.  In  rapidly  dried  red  cells  the  stain  is  even  throughout.  To 
the  left  is  a  lymphocyte  with  reddish,  deeply  stamed  nucleus  and  a  pale  bluish  cell  body,  which  is 
narrow  in  proportion  to  the  size  of  the  nucleus.  To  the  right  is  a  smaU  lymphocyte,  smaller  than  the 
red  cells  which  surround  it,  with  a  deeply  stained  nucleus  and  a  narrow  cell  body  from  which  projects 
a  small  mass  of  protoplasm.  At  the  upper  portion  of  the  figure  is  a  large  oval  cell  which  corresponds 
to  the  large  mononuclear  cell  of  Ehrlich,  but  considered  by  many  equivalent  to  a  large  ̂ yinphocyte. 
In  the  centre  of  the  drawing  is  a  cell  with  a  lobed  nucleus  and  purplish  granules  by  which  this  basophile 
cell  is  distinguished  from  the  neutrophile  just  below  it  and  from  the  eosinophile  in  the  right  lower 
quadrant.  Two  neutrophile  cells  are  shown,  one  with  abundant  fine  granules,  the  other  snowing  a 
smaller  number;  both  types  being  abundantly  present  in  normal  blood.  To  the  right  is  a  small  cluster 
of  blood-plates,  some  of  which  show  darker  staining  masses  near  the  centre  which  are  presumed  by 
some  observers  to  be  nuclear  remains,  by  others  to  be  fragments  of  luemoglobin.  The  eosinophile 
cell  in  the  lower  right-hand  quadrant  is  distinguished  from  the  neutrophile  by  the  coars^iess  of  its 
franules,  which  are  shot-like  and  quite  regular  in  form,  though  not  all  the  granules  are  of  the  same  size, 
'hey  often  take  a  much  more  brilliant  r^  color  than  the  neutrophiles. 

Fig.  2.  Chlorosis. — The  blood  was  obtained  from  a  young  woman  of  twenty-two  years,  who 
had  3,000,000  red  cells  and  30  per  cent,  of  hsemoglobin.  The  red  cells  are  about  of  the  same  size 
as  those  in  normal  blood,  but  show  a  greatly  diminished  amount  of  luemoglobin  to  the  individual 
cell,  as  evidenced  by  the  much  fainter  staining  of  a  number  of  cells  in  the  plate  which  appear  merely 
as  remnants.  Some  of  the  cells  have  assumed  irregular  shapes  and  are  known  as  ix>ikilocytes.  In 
the  left  upper  quadrant  are  three  forms  which  may  be  considered  as  pathological  in  circulating  bkxxL 
Below,  to  the  left,  is  a  purplish  red  cell  rather  deeply  stained,  showing  polychromatophiDa.  To 
the  right  of  this  cell  and  separated  from  it  by  a  nucleated  red  cell  of  normoblastic  type  is  a  cell  showing 
granular  degeneration. 

Fio.  3.  8bcondart  Anjbmia. — The  blood  was  obtained  from  a  case  of  carcinoma  of  the  stomach 
in  which  the  red  cells  were  reduced  to  1,500.000;  the  luemoglobin  was  25  per  cent.:  the  leucocytes, 
30,000.  The  changes  in  the  red  cells  are  much  the  same  as  those  noted  in  the  chlorotic  plate.  There 
is  marked  diminution  of  the  haemoglobin  of  the  red  cells  with  poikilocytosis  and  also  granular  degenera- 

tion and  polychromatophilia.  Two  nucleated  red  cells  are  present,  one  in  the  upper  right,  the  other 
in  the  lower  left-hand  quadrant.  Both  show  degenerative  changes  in  the  nuclei,  which  should  not  be 
mistaken  for  mitotic  figures.  In  secondary  aiuemia  of  this  type  the  polynuclear  neutrophiles  are  nota> 
bly  increased. 

Fio.  4.  Pernicious  An.bmia. — The  blood  was  obtained  from  a  case  showing  400,000  red  cells.  10 
per  cent,  of  hsemoglobuij  and  3,000  leucocytes.  The  striking  features  of  the  blood  in  this  disease  are 
the  marked  alterations  m  size,  shape,  and  staining  properties  of  the  red  cells.  The  leucocytes  are 
usually  diminished  in  number  and  show  no  characteristic  changes,  with  the  exception  of  a  relative 
increase  in  the  lymphocyte.  The  various  types  of  deformation  of  the  red  cells  are  very  well  noted  in 
the  various  poikilocytes  in  the  sketch,  some  of  which  contain  large  Quantities  of  luemoglobin,  others 
a  diminished  amount.  In  the  red  cells  approachng  more  nearly  to  tne  normal  form  it  will  be  imme- 

diately noted  that  the  amount  of  hscmc^lobin  present  as  evidenced  by  the  depth  of  stain  is  relatively 
large.  The  cell  in  the  centre  of  the  field,  for  example,  stains  a  great  deal  more  deeply  than  any  normal 
cell.  These  deeply  staining  cells  are  also  very  large  and  often  of  peculiar  oval  and  irre^Iar  form. 
The  so-called  megaloblasts  are  abundantly'  present  in  the  blood  of  jpemicious  amemia,  m  contrast 
to  the  microcytic  type  of  cell  usually  found  in  the  secondary  ansemias  and  in  chlorosis.^  It  is  this 
macrocytosis  with  the  consequent  increase  in  the  luemoglobin  content  of  each  cell  that  gives  rise  to 
the  high  relative  luemoglobin  index  of  the  blood  of  pernicious  anaemia.  A  normal-sized  cell  showing 
marked  polychromatophilia  is  seen  above;  a  macrocyte  with  granular  degeneration  is  seen  below  it, 
and  a  normal-sized  reel  cell  with  nucleus,  or  normoblast.  In  the  lower  left  quadrant  is  a  large  erythro- 

cyte with  a  large  nucleus  with  fine  chromatin  network.  The  cell  body  takes  on  a  combination  of  the 
blue  and  pink  of  the  stain;  in  other  words  is  polychromatophilic.  Below  it  is  a  normal  lymphocyte. 
In  the  lower  right  quadrant  are  two  other  megaloblasts  showing  a  slijfhtly  different  morphology  and 
with  an  orthochromatic  protoplasm:  that  is,  the  cell  body  takes  tne  eosm  alone.  The  upper  cell  shows 
a  dense  nucleus  with  thick  strands  of  chromatin  forming  a  network.  In  the  lower  the  chromatin  shows 
no  structure. 

Fig.  5.  Chronic  Lymphatic  LeukvBmia. — ^The  blood  of  this  case  showed  3,500,000  red  cells, 
160,000  leucocytes,  and  50  per  cent,  of  luemoglobin.  Of  the  leucocvtes  95  per  cent,  were  lymphocytes. 
It  will  be  noted  from  the  drawing  that  the  red  cells  are  practically  normal  in  size  and  shape.  The 
abundance  and  variety  of  the  lymphocytes  will  be  noted  immediately.  In  the  upper  right  quadrant 
is  a  simple  normoblast:  in  the  lower  right  quadrant  of  the  upper  part  is  a  washed-out  cell  with  irregu- 

lar outhne  which  is  a  deKenerated  lymphocyte.  In  the  acute  forms  of  lymphatic  leuluemia  these  cells 
become  exceedingly  abundant. 

Fig.  6.  Myelogenous  LEUKiBMiA. — The  blood  of  this  case  showed  1,000,000  red  cells.  20  per 
cent,  luemoglobin,  and  1.200.000  leucocytes,  the  exact  proportions  of  which  could  not  be  determined 
on  account  of  the  large  number  of  irregular  and  degenerated  forms,  but  myelocytes  and  basophfles  were 
very  abundant.  In  the  upper  left  quadrant  can  be  seen  an  eosinophile  myelocyte  with  a  single  oval 
nucleus  and  large  shot-like  granules.  Below  it  are  a  normoblast  with  granular  degeneration  of  the 
protoplasm  and  a  polymorphonuclear  neutrophile  with  fine  granules.  In  the  lower  left  quadrant  can 
be  seen  a  large  degenerated  neutrophile  myelocyte  in  which  the  granules  have  become  scattered  over 
the  slide  in  the  process  of  spreading  the  blood.  To  the  right  and  below  the  centre  are  a  normoblast 
with  clover-leaf  nucleus,  a  polymorphonuclear  neutrophile  and  a  lymphocyte,  and  above  an  eosinophile 
myelocyte.  In  the  upper  right  quadrant,  beginning  at  the  left,  can  be  seen  a  small  basophile  cell  with 
faintly  staining  nucleus,  to  the  right  two  myelocytes,  one  with  deeply  staining  nucleus,  the  other 
somewhat  fainter,  both  containing  neutrophile  granules.  To  the  right  a  normoblast  with  pyknotic 
nucleus,  and  still  farther  to  the  right  a  so-called  basket-cell  or  degenerated  leucocyte. 



Pathology-Delafield  u.  Pnidden. Plate  II. 

m 

Pig.  I.  Nonnal  Blood. 

<C-v 

h 

-> 

0 

'^. 

^ 

Fig.  3.  Secondary  Anaemia. 

*

•

 

• 

I    .* 

Pig.  5.  Chronic  lymphatic  Leukaemia. 

•    1 

^^r^ 

«*,.*/ 

'.y 

y 

Fig.  a.  Chlorosia. 

• 
 ̂
 

Fig.  4.   Pernicious  Anaemia. 

••  • . 

• .•i ', 

*.  •■ 

A 

•  •■ 

•c 

# 

Fig.  6.   Myelogenous  Leukaemia. 

Changes  in  the  Morphology  of  the  Blood. 

Drmwn  tj  FtmneU  Cajrtor  Wood. (Magnified  900  Diameters) Llth.  Anat.  v.  E.  A.  Fnnko,  Leipsig. 





THE  BLOOD  AND  THE  BLOOD-FORMING  ORGANS  461 

incurved  nucleus,  and  a  considerable  mass  of  protoplasm,  in  which  fine 
neutrophile  granules  can  occasionally  be  demonstrated. 

4.  Polynuclear  neutrophile  leucocytes,  of  the  same  size  as  the  trans- 
itional leucocytes,  with  a  partially  or  completely  divided  nucleus,  of 

which  the  separate  portions  are  either  compact  or  vesicular,  deeply  or 
faintly  staining,  and  with  considerable  protoplasm  in  which  distinct 
granules  may  be  demonstrated  by  the  neutral  dyes. 

5.  Eosinophile  cells,  of  the  same  characters  as  the  ordinary  poly- 
nuclear leucocytes,  but  containing  in  their  bodies  large  refractive  gran- 

ules, which  stain  deeply  with  so-called  acid  dyes  such  as  eosin. 
6.  Basophile  cells,  of  about  the  same  size  as  the  polynuclear  cells, 

but  containing  coarse  granulations  stained  only  by  basic  dyes  such  as 
methylene  blue.  The  nucleus  is  small,  stains  feebly,  and  is  usually 
lobular.     It  is  often  covered  very  largely  by  the  granulations. 

These  various  forms  of  leucocytes  occur  in  normal  blood  in  the  fol- 
lowing proportions,  which  represent  averages  only  and  are  subject  to 

considerable  variations: 

Polynuclear  neutrophile  leucocytes    60  to  72  per  cent. 
Large  mononuclear  and  transition  forms    2  to    4  per  cent. 
Lymphocytes       22  to  35  per  cent. 
Eosinophiles      2  to    4  per  cent. 
Basophile  cells  less  than    0.5  per  cent. 

In  the  normal  blood  of  young  children  the  relative  proportion  of 
mononuclear  cells  is  considerably  greater  than  in  that  of  adults. 

The  numbers  and  proportions  of  the  polynuclear  leucocytes  are  in 
disease  subject  to  very  wide  variations,  and  abnormal  forms  of  the 
white  cells  frequently  make  their  appearance  in  the  blood. 

The  Leucocytes  of  Abnormal  Blood. 

1.  Myelocytes. — In  many  diseases,  especially  the  leukaemias,  large 
mononuclear  cells  make  their  appearance  in  the  blood.  They  measure 
from  15  to  20  ji  in  diameter.  (Plate  II.,  Fig.  6.)  Three  types  may  be 
differentiated  by  the  tinctorial  relations  of  their  granules:  neutrophilic, 
eosinophilic,  and  basophilic.  The  nucleus  is  usually  pale,  and  oval  or 
round,  and  lies  to  one  side  of  the  cell.  The  protoplasm  is  generally  fairly 
abundant.  The  neutrophile  myelocytes  contain  large  numbers  of  fine 
neutrophile  granules  which,  however,  often  show  a  basophilic  habit  when 
compared  with  the  neutrophile  granules  of  normal  blood. 

Eosinophile  myelocytes  are  of  much  the  same  type,  but  are  easily 
differentiated  by  the  large  size  of  the  granules.  The  cells  are  very  easily 
destroyed  in  the  process  of  making  smears,  and  the  granules  may  be 
scattered  to  a  considerable  distance  from  the  nucleus. 

Basophile  myelocytes  are  quite  rare,  are  usually  smaller  than  the 
other  two  types,  and  contain  large  numbers  of  irregularly  shaped  baso- 

phile granules.  In  these  cells  also  a  considerable  variation  in  the  staining 
qualities  of  the  granules  may  be  observed,  some  taking  with  the  Jenner 
stain  a  reddish  color,  others  a  pale  violet. 



462  THE  BLOOD  AND  THE  BLOOD-FORMING  ORGANS 

All  these  types  of  cells  arise  normally  from  the  bone  marrow  and  can 
be  found  in  smears  from  this  organ.  In  advanced  leukaemias  it  is  probable 
that  the  liver  and  spleen  assume  to  a  certain  extent  their  embryonic 
function  and  act  as  centres  for  the  production  of  these  cells. 

Myelocytes  are  found  in  the  blood  chiefly  in  leukaemias,  but  the  neutro- 
phile  form  occasionally  appears  in  severe  infectious  diseases  and  in 
primary  or  secondary  tumors  of  the  bone  marrow.  Eosinophile  myelo- 

cytes have  been  very  rarely  seen  in  high  eosinophilia  due  to  the  presence 
of  parasites  in  the  body. 

2.  Large  Ljrmphocytes. — While  cells  of  a  lymphocytic  type  appear  in 
normal  blood  in  moderate  numbers,  a  very  large  cell  giving  the  same 
staining  reactions  also  occurs  in  acute  lymphatic  leukaemia.  Until 
recently  these  cells  were  considered  as  unquestionably  large  tj^pes  of 

lymphocytes;  but  the  demonstration  of  proteolytic  and  lipolytic  fer- 

ments by  Longcope^  and  of  oxidases  by  Schultze^  suggests  that  the  cells 
belong  to  the  bone-marrow  group,  and  not  to  the  true  lymphocytes  which 
do  not  give  these  reactions.  A  further  discussion  of  this  question  will  be 
found  under  acute  lymphatic  leukaemia  (p.  465). 

3.  Plasma  Cells. — In  severe  anaemias  and  leukaemias  and  in  certain 
of  the  infectious  diseases,  large  cells  measuring  6  to  15  //,  with  a  single 
pale  nucleus  and  a  cell  body  staining  very  deeply  with  methylene  blue, 
appear  in  the  circulation.  The  cell  body  shows  a  definite  spongy  struc- 

ture. These  were  named  by  Tiirck'  '*  irritation  forms.'*  It  has- been 
shown  that  these  cells  have  many  tinctorial  relations  with  the  cells  seen 
in  large  numbers  in  chronic  inflammations  occurring  in  connective  tissue, 
and  though  there  are  slight  morphological  differences  between  the  two 
forms  yet  these  blood  cells  are  usually  considered  as  of  the  plasma-cell 
group. 

4.  Myeloblasts. — In  myelogenous  leukaemia  and  also  in  typhoid  fever, 
large  cells  resembling  myelocytes  appear  in  the  circulation,  but  they 
contain  no  characteristic  granules  stainable  either  with  the  Jenner  or 
with  one  of  the  azure  stains.  They  can  be  differentiated  from  the  large 
mononuclears  by  the  fact  that  the  nucleus  is  very  rich  in  chromatin  and 
shows  large  nucleoli.  The  protoplasm  also  is  more  basophilic  than  that 
of  the  large  lymphocytes.  These  cells  have  been  named  myeloblasts  by 
Xaegoli. 

Leucocytosis. 

Leucocytosis  is  that  condition  of  the  blood  in  which  the  leucocytes 
arc  temporarily  or  persistently  increased  in  number.  When  several 
forms  of  leucocytes  are  increased  in  number  and  the  usual  proportions 

are  but  partially  disturbed,  we  speak  of  mixed  leucocytosis.  Such  a  con- 
dition is  seen  in  some  forms  of  anaemia.  When  the  polynuclear  neutro- 

phile  leucocytes  alone  are  increased,  the  condition  is  termed  polynuclear 
leucocytosis.  or  simply  leucocytosis.     If  the  mononuclear  cells  are  chiefly 

*  LonQcope  and  Donhauser,  Jour.  Exper.  Med.,  1908,  x.,  618. 
2  SchuUze,  MOnchen.  med.  Wchnachr.,  1909,  Ivi.,  167. 
*  Turk,  Vorlesungen  Qber  klinische  Hftmatologie.,  Wien,  1904. 
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affected,  the  condition  may  be  denoted  as  lymphocytosis.  The  eosino- 
phile  cells  alone  may  be  increased. 

Polynuclear  leucocytosis  may  be  either  physiological  or  pathological. 
Physiological  polynuclear  leucocytosis  is  seen  during  normal  digestion, 

in  the  later  months  of  pregnancy,  and  in  the  first  days  of  infancy,  and 
is  usually  of  moderate  grade. 

Pathological  polynuclear  leucocytosis  occurs  in  many  inflammatory 
and  infectious  diseases,  and  accompanies  the  various  cachexias.  Of  the 

infectious  diseases  attended  with  leucocytosis  may  be  mentioned  pneu- 
monia, diphtheria,  scarlet  fever,  erysipelas,  rheumatism,  suppurative 

cerebro-spinal  meningitis,  and  any  disease  associated  with  a  pronounced 
exudative  or  suppurative  lesion.  On  the  other  hand,  leucocytosis  is 
absent  in  uncomplicated  typhoid  fever,  typhus,  malaria,  measles,  and 
tuberculosis. 

The  origin  and  significance  of  the  leucocytosis  of  infectious  diseases 

are  imperfectly  understood,  but  may  be  partially  explained  by  the  princi- 
ples of  chemotaxis  and  phagocytosis.  From  experimental  evidence  and 

clinical  observation  it  is  known  that  during  the  onset  of  some  infectious 

diseases  the  entrance  of  bacteria  or  their  products  into  the  blood  is  fol- 
lowed by  a  disappearance  from  the  circulation  of  many  polynuclear  leu- 

cocytes, which  are  removed  from  the  larger  vessels  and  lodged  in  the 
capillaries,  principally  in  the  lungs  and  liver.  This  condition  of  the 

blood,  called  hypoleucocytosis ^  may  be  attended  with  a  transient  reduc- 

tion in  temperature  and  weakening  of  the  heart's  action,  and  is  usually 
succeeded  shortly  by  the  reappearance  of  polynuclear  leucocytes  in 
large  numbers,  and  by  a  rise  of  temperature.  These  leucocytes  are  apt 
to  gather  in  regions  in  which  micro-organisms  are  abundant,  and  are 
believed  to  take  up  and  destroy  micro-organisms  (phagocytosis),  and  to 
prevent  their  further  entrance,  and  possibly  the  entrance  of  their  prod- 

ucts also,  into  the  circulation.  Of  the  place  and  method  of  origin  of 
these  new  leucocytes  very  little  is  definitely  known. 

In  many  very  severe  cases  of  infectious  disease,  such  as  pneumonia, 
diphtheria,  and  peritonitis,  the  initial  hypoleucocytosis  persists,  in  which 
event  the  disease  usuallv  runs  an  asthenic  and  fatal  course,  with  a  ten- 
dency  to  low  temperature  and  feeble  pulse. 

When  leucocytosis  is  established,  the  grade  varies  frequently  with  the 
extent  of  the  local  lesion  and  the  height  of  the  fever  associated  with 
the  infectious  process,  and  disappears  with,  or  soon  after,  the  decline  of 

the  disease.  In  general,  according  to  our  present  knowledge,  the  leu- 
cocytosis of  infectious  diseases  may  be  regarded  as  the  effort  of  the 

blood-producing  organs  to  protect  the  blood  and  tissues  by  means  of 
leucocytes  against  the  invasion  of  micro-organisms  and  against  the  action 
of  toxins  present  in  the  circulation. 

The  blood  in  typhoid  fever  presents  a  peculiar  variation  from  that  in 
most  infectious  diseases.  In  the  first  weeks  of  the  disease  there  is  usu- 

ally a  reduction  in  the  number  of  leucocytes,  especially  of  the  polynu- 
clear forms.  In  the  later  weeks  the  lymphocytes  may  form  80  per 

cent,  of  the  leucocytes  present  in  the  blood.     Each  relapse  is  attended 
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with  an  increase  of  the  lymphocytosis,  while  an  increase  of  polynu clear 
leucocytes  usually  occurs  with  complications  only. 

In  the  various  forms  of  tuberculosis  there  is  no  leucocytosis  unless 

the  lesion  is  markedly  exudative  in  character,  as  in  tuberculous  menin- 
gitis, or  is  complicated  by  suppuration  or  chronic  anaemia.  In  pulmonary 

tuberculosis  with  secondary  infection  by  pyogenic  cocci,  leucocj^osis 
is  apt  to  develop. 

Cachectic  leucocytosis  is  a  feature  of  altered  conditions  of  the  blood, 
such  as  are  associated  with  the  growth  of  malignant  tumors,  and  with 

many  diseases  producing  secondary  anaemia.  This  increase  of  poly- 
nuclear  leucocytes  may  serve  to  distinguish  many  forms  of  secondary 
from  primary  anaemia.  The  inflammation  and  toxaemia  accompanying 
many  new  growths  afford  a  sufficient  reason  for  the  appearance  of 
cachectic  leucocytosis,  but  under  many  other  circumstances  its  direct 

cause  is  less  apparent.^ 
Hypoleucocytosis  occurs  not  only  in  infectious  diseases,  when  the 

polynuclear  cells  alone  are  reduced  in  numbers,  but  also  from  shock, 
reduction  of  body  temperature,  and  exhaustion,  when  all  forms  of  leuco- 

cytes may  be  diminished.  It  is  a  fairly  constant  feature  of  primary 

pernicious  anaemia.^ 
Polynuclear  Eosinophile  Leucocytosis  is  found  in  a  number  of  unre- 

lated conditions.  In  bronchial  asthma  the  eosinophile  cells  are  con- 
siderably increased,  often  forming  10  to  20  per  cent,  of  the  total 

white  cells.  A  considerable  increase  is  seen  iu  scarlatina.  In  acute 

and  chronic  diseases  of  the  skin,  such  as  pemphigus,  prurigo,  and  psori- 
asis, the  eosinophiles  are  often  increased  to  a  marked  degree,  but  the 

condition  is  not  constant.  In  trichinosis  and  helminthiasis  the  increase 
is  so  constant  that  it  becomes  of  diagnostic  value  in  these  conditions. 
A  post-febrile  eosinophilia  is  frequently  observed. 

Lymphocytosis,  frequently  seen  in  the  anaemias,  in  pertussis,  and  the 
acute  intestinal  disorders  of  childhood,  has  also  been  noted  in  some 
forms  of  secondary  anaemia  (syphilis),  and  in  an  extreme  degree  as  the 
chief  characteristic  of  the  blood  of  lymphatic  leukaemia.  It  is  also  quite 
frequent  in  exophthalmic  goitre. 

Degenerative  Changes  in  the  Leucocytes  are  usually  indicated  by 
variations  in  the  percentage  of  normal  and  abnormal  varieties,  rather 
than  by  alterations  in  the  individual  cells,  for  degenerating  leucocytes 

are  usually  quickly  removed  from  the  circulation.  Occasionally,  how- 
ever, there  may  be  seen  in  normal  blood  a  cell  in  which  the  nuclear 

chromatin  has  entirely  lost  its  power  to  take  the  stain;  and  these  degener- 
ating or  basket  cells  are  sometimes  very  abundant  in  the  leukaemias. 

Staining  reactions  of  the  various  granules,  by  which  degenerative  changes 
may  be  recognized,  have  not  yet  been  devised.  In  leukaemia,  pernicious 
anaemia,  and  diphtheria,  a  diminished  reaction  to  nuclear  dyes  has  been 
observed.     In   leukaemia,   and   in   the   severe   infectious   diseases,  the 

*  For  further  data  concerning  leucocytosis  consult  Rieder,  "Bietr&ge  surKenntniss  d.  Lcukocytoee,** 
Leipsic,  1892;  Turk,  *'Klin.  Utereuchungen  u.  d.  Verhalten  d.  Blutes,"  etc.,  Wien,  1898. 

'  For  hypoleucocytosis  consult  L&wit,  "  Studien  uber  Physiol,  und  Pathol,  d.  Blut^  u.  d.  Lympbc," 
Jena,  1892;  Swing,  "Toxic  Hypoleucocytosis,"  New  York  MedicalJoumal,  voL  Ixi.,  p.  257, 1895. 
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leucocytes  may  be  extremely  cohesive,  and  it  is  believed  that  a  large 
quantity  of  bacteria  or  toxins  in  the  circulation  may  even  effect  a  com- 

plete solution  and  destruction  of  leucocytes  (leucocytojysis).  Fatty 
and  glycogenic  degeneration  of  leucocytes  has  been  liemonstrated. 

Blood  Plates. — These  are  small  spherical  or  oval  transparent  bodies 
which  appear  in  the  blood  plasma  in  large  numbers.  They  measure 
from  2  to  3.5  /(  in  diameter,  though  occasionally  in  pneumonia  and 
suppurative  conditions  very  large  plates  may  be  found  measuring  up  to 
5  or  0  /I.  Structurally  they  are  composed  of  a  peripheral  hyaline  trans- 

parent layer  with  a  granular  central  mass  which  is  not  sharply  outlined. 
This  granular  mass  takes  a  faint  color  with  the  ordinary  chromatin  stains; 
the  periphery  is  clear.     In  stained  specimens  it  is  occasionally  possible 

FlQ.  278.— Mlo* 

to  find  long  curved  protoplasmic  processes,  simulating  cilia,  given  off 
from  the  periphery  of  the  blood  plate.  Under  suitable  conditions  the 
blood  plates  show  ameboid  motion. 

Their  number  in  the  blood  varies,  the  average  number  is  considered 
as  approximately  200,000  to  250,000.  The  number  of  blood  plates  is 
increased  in  many  anemias,  both  primary  and  secondary,  and  especially 
in  carcinoma.  In  pneumonia,  septic  processes,  and  leukemia  there  is 
also  an  increased  number  of  blood  plates.  A  diminution  of  the  plates  is 
noted  chiefly  in  cases  of  purpura  and  pernicious  anemia. 

The  blood  plates  are  closely  connected  with  the  formation  of  thrombi, 

and  some  of  the  small,  so-called  white  thrombi  arc  entirely  composed  of 
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the«e  bodies.     They  are  also  thought  to  carry   the   blood-coagulating 
ferment,  thrombokinase. 

There  are  a  number  of  theories  foncerning  the  origin  of  bloo<i  plates. 
Hayem  tonsidered  them  predecessors  of  the  red  blood  cells.  Others 

regard  them  as  individual  cells,  and  not  as  fragment's  of  leucocytes  or 
red  cells  as  has  also  been  frequently  suggested.  The  theory  that  they  arc 
formed  by  the  extrusion  of  the  nuclear  substance  of  the  red  cells  has  had 

many  adherents.  Wright'  has  recently  offered  very  strong  evidence  that 
blood  plates  are  formed  from  the  megakaryocytes  of  the  bone  marrow. 
These  cells  frequently  show  budding  masses  of  the  same  structure  as 
the  blood  plates  (see  Figs.  278  and  279).     The  hyaline  peripheral  zone 

of  the  giant  cell  has  the  power  of  aniteboid  motion  and  can  be  observed 
on  the  warm  stage  to  give  out  protoplasmic  processes.  In  addition  the 

blood  plates  are  found  only  in  such  mammalia  as  have  megakaryoc\'tcs 
in  the  bone  marrow,  and  it  has  also  been  noted  that  blood  plates  appear 
only  in  embryonal  manmialian  blood  at  the  time  when  the  giant  cells 

are  present  in  the  blood-forming  organs. 

METHODS  OF  EXAHnTATIOH  OF  THE  BLOOD. 

The  blood  may  I*  examined  fresh  on  the  warm  slage  without  the  addition  of  snv 
fixative,  wimply  surrounding  the  cover  with  oil  or  vatielin  to  prevent  evaporation. 
Thix  method  is  enpecinlly  UHcf  ul  in  the  examination  of  blood  for  the  plasmodis  malarie. 
For  most  purposes,  however,  the  cells  iihould  be  treated  the  instant  the  blood  leaves 
the  vessela  in  such  a  way  as  to  retain  their  normal  form.  This  fixation  rnay  be  aecom- 
plished  iiy  the  use  of  chemical  aRcnts  (wet  method)  or  by  quick  drying  on  the  covfr- 
glass  or  slide  (dry  method). 

I  IVritthi.  Jour,  of  .Murpholas^*,  imD,  ixi..  ->. 
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Wet  Method. — Among  the  chemical  fixative  agents  are  osmic  acid  and  a  solution 
of  corrosive  sublimate.  Osmic  acid:  Five  c.c.  of  a  1-per-cent.  solution  of  osmic  acid 
are  mixed  with  10  drops  of  glacial  acetic  acid  in  a  Petri  dish.  Short  pieces  of  glass 
tubing  are  placed  in  the  dish  to  support  the  slide  which  is  exposed  to  the  vapor  of  the 
acids  for  two  minutes.  The  finger  is  then  punctured  and  the  blood  spread  in  a  thin 
film  upon  the  surface  of  the  slide  which  has  been  exposed  to  the  vapor.  The  shde  is 
then  again  exposed  to  the  vapor  for  one  minute.  It  is  allowed  to  dry,  passed  three 
times  through  a  film,  washed  for  one  minute  in  a  dilute  solution  of  potassium  perman- 

ganate (extemporized  from  a  concentrated  solution  by  diluting  until  the  fluid  is  a 
deep  pink),  washed  in  water,  dried,  and  stained  by  any  of  the  ordinary  methods.  If 
it  is  not  desirable  to  dry  the  slide  it  may  be  transferred  into  a  very  dilute  alcohol  and 

carried  up  by  stages  of  10  per  cent,  until  thoroughly  fixed.* 
Sublimate  may  be  used  in  the  form  of  Hayem's  solution,  consisting  of 

Chlorid  of  sodium    1      gm. 
Sulphate  of  sodium     ^    5      gm. 
Corrosive  sublimate    0.5  gm. 
Water,  distilled    200      gm. 

The  blood  is  received  directly  into  this  solution,  in  which  it  is  studied.  The  wet 
method  of  fixation  is  especially  to  be  recommended  for  studies  on  the  minute  structure 
of  blood  cells. 

Another  solution  which  is  highly  recommended^  is  made  up  as  follows: 

MtiUer's  fluid           9  parts. 
Formaldehyde,  40  per  cent        1  part. 
Distilled  water      10  parts. 

The  solution  should  always  be  made  up  fresh  and  warmed  to  about  40®  C.  The 
fixed  blood  is  washed  in  distilled  water  until  all  the  chrome  salts  are  removed,  passed 
through  graded  alcohols  to  absolute,  transferred  to  absolute  alcohol  and  carbon 
bisulphid  equal  parts,  and  then  to  pure  carbon  bisulphid,  carbon  bisulphid  and 
paraffin,  and  finally  embedded  in  paraffin.  Thin  sections  can  be  cut,  which  often 
demonstrate  interesting  phases  of  mitosis  and  other  phenomena  in  the  cells. 

None  of  these  methods  of  fixation  in  bulk,  however,  is  as  satisfactory  as  the 
Weidenreich  or  the  dry  smear  methods. 

Dry  Method. — It  has  been  found  that  if  the  freshly  drawn  blood  from  a  finger 
prick  be  immediately  dried  on  a  glass  in  a  very  thin  layer,  the  cell  forms  are  quite  well 
preserved  and  may  be  exposed  to  the  action  of  staining  agents. 

For  this  purpose  square  cover-glasses  of  medium  size  should  be  cleaned  in  strong 
nitric  acid,  rinsed  in  alcohol  and  ether,  carefully  dried,  and  kept  free  from  dust. 
A  drop  of  blood  may  be  expressed  by  very  light  pressure  only  from  the  finger  tip,  previ- 

ously cleansed  with  alcohol  and  ether,  and  for  the  best  results  the  drop  must  be 
spheroidal  and  about  one-sixteenth  of  an  inch  in  diameter.  One  cover-glass  should 
be  held  in  the  forceps,  or  between  the  fingers  if  thoroughly  dry,  and  its  central  point 
touched  to  the  drop  of  blood.  After  contact  with  the  blood  this  cover-glass  should  be 
instantly  laid  upon  a  second  glass  so  as  to  cover  all  but  an  eighth  of  an  inch  along  one 
side;  and  as  soon  as  the  blood  has  spread  to  the  edges,  the  cover-glasses  should  be 
quickly  separated  by  sliding  without  pressure  and  dried  in  the  air.  If,  instead  of 
drying  in  the  air,  the  specimens  are  rapidly  dried  high  over  an  alcohol  flame,  the 
fixation  will  be  more  successful,  and  many  artificial  changes  in  the  red  cells  will  be 
avoided. 

Another  method,  more  successful  in  many  hands,  consists  in  touching  the  drop 
with  the  smooth  edge  of  a  glass  slide,  applying  this  edge  with  its  adherent  blood 
obliquely  to  a  slide,  and,  when  the  blood  has  spread  along  the  edge  of  the  slide,  draw- 

ing it  rapidly  across  the  surface  of  the  second  slide. 
For  the  permanent  fixation  of  the  cells  and  to  prevent  their  solution  by  strong  dyes, 

one  of  two  methods  may  be  recommended : 

'  Weidenreich,  Folia  hsematologica,  1906,  iii.,  1. 
^Schridde  u.  Naeodi,  Hamatologische  Technik,  Jena,  1910. 
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1.  Heat  Fixation. — The  specimens  are  heated  in  a  hot-air  bath  or  on  a  copper 
platC;  for  from  five  minutes  to  two  hours  at  a  temperature  of  110®  C.  to  120°  C. 

2.  Chemical  Fixation. — The  specimens  are  placed  for  from  one  to  thirty  minutes  in 
strong  methyl  alcohol. 

Various  staining  agents  are  to  be  employed  according  to  the  object  in  view.  The 

triacid  mixture  of  Ehrlich*  gives  an  excellent  stain  for  the  neutrophile  and  eosinophile 
granules,  but  fails  to  show  basophile  granules  or  parasites,  for  which  reason  it  is  being 

supplanted  for  general  work  by  combinations  of  methylene  blue  and  eosin.  The  com- 
position of  the  Ehrlich  stain  is  as  follows: 

Saturated  aqueous  solutions  of 
Orange  G    13  to  14  c.c. 
Acid  fuchsin       6to    7  c.c. 

Methyl  green    12.5        c.c. 

To  the  mixture  of  these  add 
Water         15  c.c. 
Absolute  alcohol    25  c.c. 

Glycerin    10  c.c. 

The  specimen  should  be  stained  in  this  fluid  for  three  to  five  minutes,  washed  in  dis- 
tilled water,  dried,  and  mounted  in  dammar  dissolved  in  xylol. 

The  red  cells  are  then  found  stained  orange-yellow,  the  nuclei  dark  green  or  blue, 
the  neutrophile  and  eosinophile  granules  dark  red.  The  mast-cell  granules  are  not 
stained. 

For  general  purposes  a  stain  which  has  been  devised  by  Jenner  bids  fair  to  supplant 
the  older  methods  on  account  of  its  simplicity,  rapidity,  and  ease  of  application.  It 
consists  of  a  half-per-cent.  solution  in  methyl  alcohol  of  a  compound  made  by  mix- 

ing a  1 . 2-per-cent.  aqueous  eosin  and  a  1-per-cent.  aqueous  methylene-blue  solution. 
The  precipitate  which  forms  is  filtered  off,  washed  with  distilled  water,  dried,  and 
dissolved  in  the  methyl  alcohol.  The  blood  smears  are  fixed  and  stained  by  this 
solution  in  from  one  to  three  minutes.  The  red  cells  are  of  a  terra-cotta  color,  the 
nuclei  blue,  the  neutrophile  and  eosinophile  granules  red,  the  mast-cell  granules 
purple;  bacteria,  malarial  organisms,  and  blood  plaques  blue. 

An  extremely  satisfactory  stain  which  not  only  demonstrates  the  important 
morphological  details  of  the  red  and  white  cells,  but  also  gives  a  characteristic  chro- 

matin stain  to  the  malarial  parasite  is  the  following:* 
Five  gm.  of  sodium  bicarbonate,  10  gm.  of  methylene  blue  (B.  X.  or  "medicinally 

pure  ")  and  1,000  c.c.  of  water  are  heated  in  a  steam  sterilizer  at  100°  C.  for  a  full  hour. 
The  mixture  should  be  contained  in  a  flask  of  such  size  as  to  allow  it  to  form  a  layer 

not  over  6  cm.  deep.  After  cooling  it  is  filtered  to  remove  the  precipitate.  AV"hen 
cold  it  should  be  of  a  deep  purple-red-color  when  viewed  in  a  thin  layer  by  transmitted 
yellowish  light. 

To  each  100  c.c.  of  the  filtered  mixture,  500  c.c.  of  a  0. 1-per-cent  aqueous  solution 

of  Griibler's  "yellowish,  water-soluble"  eosin  are  added  and  mixed  thoroughly.  The 
precipitate  which  appears  immediately  is  collected  on  a  filter  and  when  dry  dissolved 

in  methylic  alcohol  (Merck's  reagent)  in  the  proportion  of  0. 1  gm.  to  60  c.c.  of  alcohol, 
rubbing  them  together  in  a  porcelain  dish  or  mortar  to  facilitate  solution.  This  forms 
the  staining  fluid.  It  should  be  kept  in  a  well-stoppered  bottle,  and  if  it  becomes  too 
concentrated  by  evaporation,  may  be  thinned  by  the  addition  of  the  proper  amount 
of  methylic  alcohol.     The  method  of  staining  is  as  follows: 

1.  Cover  the  film  with  a  noted  quantity  of  the  stain  with  a  medicine  dropper. 
2.  After  one  minute  add  to  the  staining  fluid  on  the  film  an  equal  quantity  of 

distilled  water  by  means  of  the  dropper,  and  allow  the  mixture  to  remain  for  two  or 
three  minutes  according  to  the  intensity  of  the  stain  desired.     Too  long  staining  may 

*  Great  care  must  be  used  in  selecting  these  dyes.  Those  made  by  Grubler,  of  Leipeie,  are  reliable. 

It  is  far  better  to  purchase  the  solution  already  mixed  as  sold  by  Grubler  under  the  name  of  "  triacid 
mixture  for  neutrophile  granules," 

»  Wright,  Jour.  Am.  Med.  Assn..  1910,  Iv.,  1979. 
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produce  a  precipitate.     Eosinophilic  granules  are  best  brought  out  by  a  short  staining 

period. 
3.^  Wash  the  preparation  in  water  for  thirty  seconds,  or  until  the  thinner  portions 

of  the  film  become  yellow  or  pink. 
4.  Dry  and  mount  in  xylol-dammar. 
Films  more  than  a  few  hours  old  do  not  stain  as  well  as  fresh  ones.* 
For  the  demonstration  oifat  in  blood  from  a  finger  prick,  cover-glass  preparations 

dried  in  the  air  should  be  fixed  in  formaUn  vapor  and  stained  with  Sudan  III  (see 
p.  44).  To  avoid  numerous  sources  of  error,  a  control  preparation  should  be  previously 
placed  in  chloroform  for  twenty-four  hours  to  dissolve  the  fat,  and  two  specimens, 
carried  together  through  the  stain.  In  the  one,  red  fat  droplets  will  be  seen,  which 
should  be  entirely  absent  in  the  other. 

FOREIGN  BODIES  IN  THE  BLOOD. 

Various  bodies  which  do  not  belong  there,  aside  from  those  above 
mentioned,  may  find  access  to  the  vessels  and  mingle  with  the  blood. 
Pus  cells  may  get  into  the  blood  from  the  opening  of  an  abscess  into  a 
vessel  or  from  some  inflammatory  change  in  its  walls.  Desquamated 
endothelial  cells  from  the  vessel  walls,  either  in  a  condition  of  fatty 
degeneration  or  in  various  stages  of  proliferation,  may  be  mingled  with 
the  normal  blood  elements;  also  tumor  cells  of  various  kinds,  fragments 
of  disintegrated  thrombi,  portions  of  heart  valves,  etc.  Crystals  of 
bilirubin  have  been  found  in  the  blood  in  icterus,  and  Charcot-Leyden 
crystals  have  been  seen  post  mortem  in  the  blood  and  bone  marrow  of 
cases  of  leukaemia. 

Fat,  in  a  moderate  amount,  is  a  normal  ingredient  of  the  blood, 
during  digestion  and  in  lactation  it  is  increased.  Under  pathological 
conditions  it  may  occur  in  larger  and  smaller  droplets.  This  lipcemia 
occurs  in  diabetes,  in  drunkards,  in  acute  phosphorous  poisoning,  and  in 
some  cases  of  dyspnoea  from  various  causes.  The  droplets  are  small 
and  liable  to  escape  observation,  but  if  the  blood  is  kept  a  white  layer  of 
fat  collects  on  the  surface  of  the  serum  as  it  separates. 

In  many  cases  of  injury,  particularly  in  crushing  fractures  of  the 
bone,  the  fat  of  the  marrow  finds  its  way  into  the  blood,  and  it  may  col- 

lect in  large  drops  in  the  vessels  of  the  lungs,  forming  the  so-called  fat 
emboli  (Fig.  9,  p.  30) ;  or  it  may  pass  the  lungs  and  form  emboli  in  other 
parts,  as  the  brain,  kidneys,  etc.  Fat  embolism  in  eclampsia  is  of 
occasional  occurrence. 

The  fat  may  be  absorbed  from  the  vessels,  having  produced  little  or 
no  disturbance;  or  in  some  cases  it  may  produce  serious  results  by  the 
stoppage  of  a  large  series  of  vessels  in  the  lungs,  brain,  or  other  parts  of 

the  body.^ 

Tissues  and  organs  whose  blood-vessels  are  suspected  to  contain  fat  droplets  should 
be  fixed  in  Miilier-formol  or  4  per  cent,  formaldehyde  and  thoroughly  washed  in 

water.  Frozen  sections  are  then  treated  with  a  mixture  of  equal  volumes  of  Miiller's 
fluid  and  2  per  cent,  osmic  acid,  or  stained  with  Sudan  III  (see  p.  44).  The  sections 
should  then  be  stained  with  hsematoxyhn  and  mounted  in  glycerin. 

1  For  other  blood  stains  see  under  Malaria,  page  316. 

5  For  T^sumi  of  thin  subject,  with  bibliography,  consult  Welch  in  article  on  Embolism  in  Allbutt's 
"System  of  Medicine,"  vol.  vi.,  p.  258. 
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Air,  as  a  result  of  an  opening  in  the  veins,  is  of  occasional  occurrence. 
If  the  amount  of  air  be  small,  it  appears  to  be  readily  absorbed,  and  does 
little  or  no  harm.  If,  on  the  other  hand,  a  large  quantity  is  admitted  to 
the  veins  at  once,  it  collects  on  the  right  side  of  the  heart,  from  which 
the  contractions  of  the  organ  are  unable  to  force  it  in  any  considerable 
quantity,  and,  the  supply  of  blood  being  thus  cut  off  from  the  lungs, 
death  very  quickly  ensues.  The  blocking  of  the  smaller  pulmonary  ves- 

sels and  of  the  vessels  of  the  heart  with  air  bubbles  may  also  hasten 
death.  It  is  especially  from  wounds  of  the  veins  of  the  neck  and  thorax 
that  the  accident  is  most  apt  to  occur.  But  it  may  be  due  to  the  intro- 

duction of  air  into  the  uterine  veins  in  intra-uterine  injection,  or  in  the 
removal  of  tumors.^  One  should  remember  in  this  connection  that 
infection  w-ith  Bacillus  aerogenes  gives  rise  to  gas  bubbles  in  the  blood- 

vessels, as  well  as  in  other  tissues  (see  p.  289)  and  that  gas  may  form  in 
the  blood  in  caisson  disease  (see  p.  11). 

Parasites  and  other  Foreign  Bodies  in  the  Blood. — The  occurrence 
of  animal  and  vegetable  parasites  is  considered  more  in  detail  in  parts  of 
this  book  devoted  to  these  organisms.  It  will  suffice  to  mention  here 
that  the  more  important  of  the  parasites  found  in  the  blood  are:  The 
Plasmodium  malariae,  Trypanosomata,  Filaria  sanguinis  hominis,  the 
embryo  of  Trichina  spiralis,  the  Spirillum  Obermeieri,  and  the  Spirochseta 

pallida. 
The  various  forms  of  bacteria  which  may  be  found  in  the  blood  will 

be  considered  in  parts  of  this  book  in  which  these  organisms  are  treated 

in  detail.^     Parenchyma-cell  emboli  are  considered  on  page  29. 
Melanaemia. — In  this  condition  the  blood  contains  larger  and  smaller 

irregular-shaped  particles  or  masses  of  brown  or  black  pigment.  This 
condition  is  most  frequently  the  result  of  intermittent  and  remittent 
fever,  particularly  the  severer  forms.  It  may  be  accompanied  by  anae- 

mia and  leucocytosis.  It  does  not  occur  in  all  cases  of  the  above-named 
affections.  In  may  be  transient  in  character.  The  pigment  may  be 
free,  or,  more  usually,  enclosed  in  leucocytes.  Under  the  same  con- 

ditions pigment  may  be  deposited  in  the  liver,  spleen,  lymph-nodes, 
bone-marrow,  and  blood-vessels.  Owdng  to  the  deposit  of  pigment  in 
the  organs  they  may  assume  a  gray  or  slate  color.  The  pigment  devel- 

oped in  malaria  originates  in  the  decomposition  of  the  haemoglobin  under 
the  influence  of  the  Plasmodium.  Pigment  which  has  been  taken  into 

the  lungs  from  the  air,  such  as  coal  dust,  etc.,  may  find  its  w^ay  into  the 
blood  either  before  or  after  deposition  in  the  bronchial  or  other  lymph- 

nodes,  and  may  be  afterward  deposited  in  the  spleen  and  liver.' 

»  Welch,  ibid.,  Allbutt's  "  System  of  Medicine."  vol.  vi,  p.  254. 
'  For  methods  and  results  of  bacterial  studies  of  the  blood,  with  bibliography,  consult  Kuhnau, 

Zeit.  f.  Hyg.,  Bd.  xxv.,  p.  492,  1897;  Rosenberger,  Am.  Jour.  Med.  Sci.,  vol.  cxxvi.,  1903,  p.  234;  Canon, 

"Die  Baktenologie  dee  Blutes,"  Jena,  1905;  Lenhartz,  '*Die  Septischen  Erkrankungen,"  Wien,  1903. 
For  method  of  demonstrating  animal  parasites  see  Stdubli,  MUnch.  med.  Woch.,  1908,  No.  50. 

*  For  further  details  concerning  changes  in  the  blood  consult  Simon,  "Clinical  Diagnosis."  4th  ed.; 
Etving,  "Clinical  Pathology  of  the  Blood."  1903;  Cabot,  "Clinical  Examination  of  the  Blood,"  1904; 
or  Wood,  "Chemical  and  Microscopical  Diagnosis,"  3d  ed.,  1911. 
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General  Diseases  Inyolving  the  Blood  and  Blood -Forming  Organs.^ 

There  is  a  group  of  diseases  in  which  the  most  striking  lesion  seems 
to  be  an  alteration  in  the  composition  of  the  blood,  although  in  some 

members  of  the  group  other  lesions  are  also  present.  This  group  em- 
braces chlorosis,  secondary  and  pernicious  anapmia,  leukaemia,  and  certain 

closely  related,  but  still  obscure  conditions. 

CHLOROSIS. 

Chlorosis  is  a  disease  of  the  blood  seen  in  women  only  and  attended 
with  a  diminution  in  the  haemoglobin,  and  usually  in  the  number  of  the 
red  blood  cells. 

Of  the  essential  element  in  the  incitement  of  this  disease  and  of  the 

exact  method  of  its  origin  we  are  ignorant.  The  condition  has  been 

attributed  to  congenital  hypoplasia  of  the  heart  and  blood-vessels,  to 
prolonged  malnutrition,  to  intestinal  intoxication,  and  to  functional 
disturbance  of  an  unknown  nature  in  the  blood-producing  organs. 

In  the  mildest  grade  of  chlorosis  the  only  change  to  be  observed  is  a 
slight  diminution  of  haemoglobin.  In  severer  forms  may  be  added  a 
diminution  in  number  and  moderate  variations  in  size  and  shape  of  the 
red  cells.  In  very  severe  and  relapsing  cases  the  haemoglobin  may  be 
excessively  decreased,  the  color  index  falling  even  as  low  as  0.4;  the  red 
cells  may  number  less  than  two  millions  per  cubic  millimetre,  and  the 
average  size  of  the  cells  be  less  than  normal.  The  leucocytes  are  not 
increased  in  number.  There  may  be  a  slight  relative  increase  of  the 
lymphocytes;  megalocytes,  microcytes,  and  poikilocytes  may  appear  (see 
Plate  II.,  Fig.  2).     Polychromatophilia  is  frequent. 

The  specific  gravity  of  the  blood  is  diminished  in  proportion  to  the 
fall  in  haemoglobin;  the  total  quantity  is  greatly  increased.  The  time  of 
coagulation  is  often  very  short,  a  change  undoubtedly  correlated  with 
the  not  infrequent  thrombosis  seen  in  chlorosis.  Even  in  cases  of 

considerable  severity  the  degenerative  changes  in  the  viscera  character- 
izing other  forms  of  anaemia  have  been  found  wanting,  although  degen- 

erative changes  in  the  red  cells  may  occur  in  accordance  with  the  severity 
of  the  disease.  The  liver  does  not  contain  an  excess  of  iron,  and  the 
urine  is  free  from  pathological  urinary  pigments. 

The  regeneration  of  the  blood  in  chlorosis  under  rest  and  treatment 
with  iron  may  usually  be  rather  promptly  effected  by  increased  activity 
of  the  red  marrow,  which  is  probably  hyperplastic.  This  regenerative 
process  may  be  indicated  in  the  blood  by  the  periodical  appearance  of 

considerable  numbers  of  normoblasts.  The  appearance  of  these  nucle- 
ated red  cells  may  be  accompanied  by  a  moderate  increase  of  leucocytes, 

both  mononuclear  and  polynuclear.  Myelocytes  also  may  rarely  be 
seen. 

1  For  a  full  discussion  of  the  subjects  treated  in  this  chapter  the  reader  is  referred  to  von  NoorcUn. 
*' Bleichsucht."  Nothnagel's  "Spec.  Path.  u.  Therap.";  Ehrlich  and  Lazarus,  "Die  Anaemic." 
Nothnagcl's  "Spec.  Path.  u.  Therap.";  Helly,  ibid..  "Die  Hamatopoetischen  Organe;".  and  Naegeli^ 
"  Blutkrankheiten  und  Blutdiagnoatik,"  Leipzig,  1908. 
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SECOHDABY  AllfHIA. 

While  chlorosis  may  be  considered  usually  a  disease  of  adolescence, 
and  while  its  occurrence  is  confined  to  the  female  sex,  there  is  another 
type  of  blood  change  which  seems  best  classified  under  the  heading  of 
secondary  anemia,  and  which  is  independent  of  sex  or  age.  The  deter- 

mining agents  are  cither  of  a  genera!  nature,  such  as  poor  food  and  bad 
air,  or  they  are  actual  diseases,  or  they  may  be  intestinal  parasites,  or, 
finally,  chronic  poisoning.  Among  those  diseases  which  are  likely  to 
induce  a  well-defined  anaimia  we  may  mention  prolonged  suppuration, 
mycotic  endocarditis,  diseases  of  the  stomach  and  intestines,  malaria, 
syphilis,  and  malignant  tumors.  The  intestinal  parasites  are  chiefly  the 
Ankylostoma  duodenale  and  the   Bothriocephalus  latus.     The  poisons 

Flo.  ■IW.—Ba.hk.  .\l*t 

are  lend  and,  more  rarely,  arsenic.  The  alterations  which  are  apparent 
on  examining  the  blood  are  very  variable,  depending  upon  the  agent. 

The  ha-moglobiii  is  regularly  diminished  to  a  greater  per  cent,  than  the 
red  cells;  it  may  fall  as  low  as  15-20  per  cent.;  the  red  cells  rarely  fall 
below  one  million.  Nucleated  red  cells  of  the  normoblastic  type  are 
frequent  in  the  severe  cases;  megaloblasts  are  not  found  except  in 
advanced  cases  of  Bothriocephalus  an;£mia.  As  a  rule  the  average 
diameter  of  the  rod  cells  is  slightly  below  normal,  with  a  moderate 
poikilocytosis.  Granular  degeneration  is  present  to  a  variable  extent 
in  the  red  cells  except  in  malaria  and  lead  poisoning,  when  it  is  the  rule. 
In  the  anemias  produced  by  the  Bothriocephalus  the  blood  picture  may 
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be  that  of  pernicious  anaemia,  with  a  great  increase  in  the  size  of  the  cells 
and  the  appearance  in  the  blood  of  numerous  megaloblasts,  thus  forming 
an  exception  to  the  general  rule  that  the  blood  of  secondary  anaemia  is 
normoblastic  in  type.  In  the  anaemia  due  to  the  Ankylostoma  or  the 
Uncinaria  the  blood  shows  the  picture  of  a  chlorotic  anaemia  often  accom- 

panied by  a  considerable  eosinophilia,  which  is  not  usually  seen  in  the 
Bothriocephalus  variety.  The  leucocytes  are  increased  in  anaemia  due 
to  suppuration  and  in  about  50  per  cent,  of  the  tumor  cases;  in  other 
forms  there  is  usually  but  little  change  in  the  number,  though  it  is  im- 

possible to  formulate  a  general  rule  (Plate  II.,  Fig.  3).  When,  however, 
a  tumor  invades  the  bone  marrow  an  extensive  hyperplasia  of  this  tissue 
may  occur  with  consequent  flooding  of  the  blood  current  with  large 
numbers  of  immature  leucocytes  so  that  the  blood  simulates  that  of 
myelogenous  leukaemia  (Fig.  280). 

PERNICIOUS  ANiEMIA. 

Pernicious  anaemia  is  a  disease  of  the  blood  and  blood-forming  organs, 
characterized  by  excessive  destruction  associated  with  defective  produc- 

tion of  red  cells. 
The  exact  relation  of  the  factors  concerned  in  the  causation  of  the 

disease  has  not  been  determined.  It  may  be  said,  however,  that  while 
very  rapid  cases  of  pernicious  anaemia  have  been  observed  unaccom- 

panied by  the  usual  lesions  in  the  bone  marrow  associated  with  defec- 
tive haematogenesis,  the  disease  seems  not  to  exist  without  excessive 

haematolysis. 
Pernicious  anaemia  may  probably  originate  as  a  primary  disease  of 

the  blood  or  bone  marrow,  but  many  cases  apparently  primary  have 
been  sho\vn  at  autopsy  to  be  secondary  to  such  conditions  as  cancer, 
nephritis,  tuberculosis,  atrophy  of  the  gastric  mucosa,  or  the  presence  of 
parasites  in  the  blood  or  intestine.  The  studies  of  Hunter  indicate  that 
the  destruction  of  the  blood  may  in  some  cases  result  principally  in  the 
portal  circulation  and  particularly  in  the  spleen  from  the  action  of  toxic 
substances  absorbed  from  the  intestines,  and  Herter  has  shown  that  the 
toxic  products  arising  from  anaerobic  putrefaction  of  the  proteins  by 
certain  bacteria  may  play  an  important  part  in  the  induction  of  haematoly- 

sis. Whatever  its  origin,  the  distinguishing  feature  of  pernicious  anaemia 
is  the  fact  that  the  anaemia  is  entirely  disproportionate  to  any  apparent 
cause,  and  when  once  established  tends  to  progress  to  a  fatal  issue. 

The  essential  lesion  is  an  extreme  and  progressive  diminution  in 
number  and  very  great  variation  in  size  and  form  of  the  red  blood  cells 
(as  shown  in  Plate  II.,  Fig.  4).  Nearly  constant  is  a  widely  distributed 
lesion  of  the  bone  marrow,  in  which  the  normal  nucleated  red  cells  are 
partly  replaced  by  an  excessive  number  of  larger  nucleated  corpuscles  or 
megaloblasts,  with  atrophy  of  fat  cells.  The  destruction  of  haemoglobin 
is  followed  by  a  considerable  deposit  of  iron  in  the  liver,  spleen,  marrow, 
and  other  organs,  and  by  the  appearance  of  abnormal  pigment  in  the 
urine.     The  prolonged  anaemia  may  be  accompanied  by  fatty  degenera- 
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tion  in  the  viscera,  especially  of  the  liver,  kidneys,  and  heart  muscle. 
As  a  combined  result  of  fatty  changes  in  the  arterial  walls  and  of  the 
diminution  in  albuminous  ingredients  and  in  the  coagulability  of  the 
blood,  haemorrhages  in  various  parts  of  the  body,  especially  the  retina, 
are  of  frequent  occurrence.  Disseminated  areas  of  sclerosis  in  the  spinal 
cord  have  been  described  and  regarded  as  the  result  of  minute  haemor- 

rhages in  this  region. 
In  the  blood  the  red  cells  are  usually  reduced  to  less  than  two  millions 

and  occasionally  to  half  a  million  per  cubic  millimetre.  Of  the  remaining 
cells  a  considerable  percentage  may  be  abnormally  large  (megalocytes) , 
or  very  small  (microcytes) .  Cells  of  very  irregular  shape  are  often 
present  in  abundance  (poikilocytes)  (Plate  II.,  Fig.  4).  The  quantity  of 
haemoglobin  in  the  majority  of  the  cells  is  usually  increased,  but  may  be 
diminished  in  a  certain  proportion  of  cells,  which  then  resemble  those 

found  in  chlorosis.  The  ̂ 'haemoglobin  index" — that  is,  the  relation  of 
the  total  percentage  of  haemoglobin  to  the  total  number  of  cells — may  be 
normal  when  a  deficiency  of  haemoglobin  in  one  cell  is  counterbalanced 
by  a  proportionate  excess  in  another,  but  in  general  it  is  greater  than 
unity. 

A  variety  of  degenerative  changes  in  the  red  cells  are  commonly 
present,  including  especially  those  alterations  in  the  staining  reactions  of 
the  protoplasm  known  as  polychromatophilia  and  granular  degeneration. 
In  the  first  the  cell  stains  a  more  or  less  uniform  blue  with  methylene 

blue;  in  the  second  the  cells  contain  granules  which  give  a  strong  baso- 
philic staining  reaction. 

Nucleated  red  cells  of  normal  size  (normoblasts)  are  of  frequent  occur- 
rence in  the  blood  of  WTll-established  pernicious  anaemia.  Abnormally 

large  nucleated  red  cells  (megaloblasts)  are  a  nearly  constant  element  at 
some  stage  of  the  disease  and  are  of  great  diagnostic  importance,  as  they 
indicate  the  presence  of  a  grave  lesion  in  the  bone  marrow.  They  are 

more  abundant  than  the  normoblasts  in  well-developed  cases. 
Megalocytes  and  megaloblasts  usually  show  an  excess  of  haemoglobin, 

may  exhibit  amceboid  movement,  and  have  no  tendency  toward  the 
formation  of  rouleaux.  Extremely  large  nucleated  red  cells  (giganto- 
blasts)  are  frequently  found  in  advanced  cases,  and  in  these  cells  as  well 
as  in  the  megaloblasts  the  nuclei  may  be  rarely  seen  in  various  stages  of 

normal  or  pathological  mitosis.  *' Blood  crises,"  by  which  is  indicated 
the  appearance  of  large  numbers  of  normo-  or  megaloblasts  in  the  circu- 

lation, may  occur  in  pernicious  anaemia,  but  it  must  be  remembered  that 
the  blood  picture  in  any  severe  anaemia  varies  much  from  day  to  day 
without  any  marked  alteration  in  the  general  condition  of  the  patient. 
In  the  absence  of  complications  producing  leucocytosis  in  pernicious 
anaemia,  the  leucocytes  are  usually  diminished  in  number.  There  is  a 
relative  increase  in  the  number  of  lymphocytes,  and  usually  a  few  myelo- 

cytes may  be  found. 
Aplastic  Anaemia. — A  very  rare  variety  of  a  rapidly  fatal  form  of 

anaemia  has  been  described  in  which  the  number  of  red  cells  is  diminished 

without   the   blood   showing   the   changes   characteristic   of  pernicious 
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anapmia.  The  bone  marrow  in  these  cases  has  been  found  to  be  fatty 
instead  of  hyperplastic  as  in  the  typical  marrow  of  pernicious  anaemia. 
It  has  been  suggested  that  the  bone  marrow  for  some  unknown  reason 
had  not  responded  to  the  call  made  upon  it  by  the  rapid  hamatolysis 

taking  place  in  the  disease,  and  therefore  did  not  undergo  the  megalo- 
blastic changes  so  characteristic  of  the  bone-marrow  in  well-marked 

cases  of  pernicious  anaemia.* 

LEUKiBMU   (LEUCOCYTHiEMU). 

Leukaemia  is  a  disease  in  which  the  characteristic  changes  are  an  alter- 
ation in  the  relative  proportions  of  the  different  leucocytes  of  the  blood, 

with  usually  an  increase  in  their  number,  and  the  appearance  of  certain 
forms  not  seen  in  the  circulation  under  normal  conditions.  The  red  cells 

are  diminished  in  number,  and  abnormal  forms  appear  in  the  blood. 
Accompanying  these  alterations  in  the  circulating  blood  are  changes  in 

the  bone  marrow,  less  often  in  the  spleen  and  in  the  lymph-nodes.  Its 
inciting  factors  are  still  unknown.  Leukaemia  may  be  classed  in  four 
types,  which  are  fairly  well  defined  clinically  and  morphologically,  but 
between  these  there  exist  many  transitional  forms,  especially  from  the 
point  of  view  of  the  morphology  of  the  blood.  These  four  types  are  the 
acute  and  chronic  lymphatic  leukaemia  and  the  acute  and  chronic  myel- 

ogenous leukaemia  (spleno-myelogenous). 
Acute  Ljrmphatic  Leukaemia  is  a  disease  resembling  clinically  an 

acute  infection,  with  a  rapidly  increasing  anaemia,  enlargement  of  the 

lymph-nodes,  as  a  rule,  and  a  moderate  increase  in  the  size  of  the  spleen 
and  liver.  Cases  are  on  record,  however,  in  which  there  was  no  enlarge- 

ment of  the  spleen  or  lymph-nodes.^  The  blood  changes  are  very 
characteristic.  The  red  cells  diminish  rapidly  in  numbers,  normoblasts 
and  occasionally  megaloblasts  are  present,  and  the  leucocytes  are 
increased,  though  usually  below  100,000.  The  forms  present  are  chiefly 
lymphocytes,  either  large  or  small,  the  large,  as  a  rule,  predominating. 
While  the  staining  reactions  of  the  large  lymphocytes  in  this  disease 

correspond  with  those  of  the  cells  of  normal  blood,  yet  Longcope'  has 
shown  that  they  contain  a  proteolytic  and  lipolytic  ferment  character- 

istic of  the  granular  types  of  cells  from  the  bone  marrow.  This  has  been 

confirmed*  by  the  discovery  that  in  the  large  lymphocytes  it  is  possible 
to  demonstrate  an  oxidase,  a  ferment  heretofore  considered  to  be  con- 

fined to  the  granular  types.  These  findings  indicate  that  the  cells  in 

question  should  be  considered  rather  as  myeloblasts  than  as  large  lympho- 
cytes. The  bone  marrow  is  altered  to  a  tissue  showing  large  numbers 

of  lymphocytes,  the  so-called  lymphoid  hyperplasia,  which  often  extends 
to  the  lymphoid  tissue  in  the  viscera. 

Chronic  Ljrmphatic  Leukaemia. — The  blood  shows  a  severe  anaemia 
with  great  increase  in  the  lymphocytes.     The  small  forms  of  the  lympho- 

*  For  a  study  of  a  series  of  such  ca«e«  see  Lavenson^  Am.  Jour.  Med.  Sci.,  1907,  vol.  cxxxiii.,  p.  100. 
-  See  Kelly,  Univ.  Penn.  Med.  Bull..  190.3,  p.  270. 
'  lA)ngcope  and  Donhauser,  Jour.  Exper.  Med.,  1908,  x.,  618. 
■•  See  Schultze,  Miinchen.  med.  Wchnschr.,  1909,  Ivi.,  167,  and  Peters,  ibid,  1478. 
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cytes  arc  most  ahumlant,  in  contradistinction  to  the  acute  tj-pe  of  the 
disease,  in  which  the  largo  forms  are  usuallj'  in  excess.  The  lymph-nodes 
and  spleen  are  usually  enlarged;  the  bone  marrow  is  in  a  condition  of 
lymphoid  hyperplasia,  and  there  are  lymphoid  infiltrations  in  the  various 
organs  (see  Figs.  281  and  282  and  Plate  11.,  Fig.  5). 

Acute  Myelogenous  Leukaemia. — A  few  cases  of  leukemia  of  the 
myelogenous  type  have  Wen  reported  in  which  the  clinical  course  was 

very  acute,  with  a  rapidly  increasing  anaemia  and  the  occasional  appear- 
ance of  nucleated  red  cells.  In  some  of  the  cases  the  blood  was  not 

characteristic  and  the  diagnosis  could  be  made  only  after  death  by  a 

study  of  the  changes  in  the  bone  marrow;  in  others  the  blood  picture 
resembled  that  of  a  chronic  myelogenous  leukfemia  with  the  usual  large 

percentage  of  myelocytes.  Some  of  the  ciises  diagnosed  as  acute  myelog- 
enous leuktemia  were  undoubtedly  of  the  tjpe  of  disease  known  as 

chloroma,  while  others  were  presumably  acute  infections  with  &  high 

leukocytosis  and  the  appearance  of  a  few  myelocytes  in  the  blood  with 

a  market!  hyperplasia  of  th*^  hone  marrow  due  to  the  prolonged  septic 

condition.  The  difficulties  in  the  diagnosis  of  acute  myelogenous  Icu- 

ka-mia  are  complicated  by  the  fact  that  the  lymphocytes  in  acute  lym- 
phatic leukfemia  may  be  greatly  diminished  toward  the  end  of  the  disease. 
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and  a  few  myelocytes  may  appear  under  these  conditions,  thus  render- 
ing A  differentiation  impossible.' 
Chronic  Hyelogenous  Leuksemla. — The  blood  showij  a  severe  anjemia, 

rarely  of  a  pernicious  type,  with  marked  quantitative  and  qualitative 
changes  in  the  leucocytes.  The  increase  in  number  of  white  cells  may 
be  to  more  than  one  million  per  cubic  millimetre.  Myelocytes,  both 

neutrophilic  and  eosinophilic,  are  quite  constantly  present  in  consider- 
able numbers.     They  may  form  a  large  proportion  of  the  leucocytes 

Shoiring  infiltration  of  the  organ  with   Leu«icy1««.    The  targe  eollcctiona  are  in  GlissoD'a  cspaulea, 

present.  Basophils  cells  are  very  abundant  in  eases  of  long  duration, 

especially  the  type  with  polymorphic  nuclei,  myelocytes  with  baso- 
philic granulations  being  rare.  In  rapidly  advancing  cases  mitoses  may 

be  rarely  seen  in  the  red  cells  and  in  the  leucocytes  (see  Plate  II.,  Fig.  5). 

The  pathological  forms  of  leucocytes  in  myelogenous  and  lymphatic 
leukaemias  have  little  or  no  amceboid  motion.  This  explains  the  inter- 

esting fact  that  the  pus  from  an  abscess  in  a  leukemic  subject  contains 
only  the  polynuelear  neutrophile  cells  found  in  such  exudates  in  persons 
with  a  normal  blood  condition.  In  acute  infections  and  after  treatment 

with  the  Rontgen  rays,  the  number  of  myelocytes  present  in  the  cireu- 

1  BiUine»  and  Capp§.  ■'Acule  Myelogenic  Leukiemia,'-  Amer.  Jour.  MeJ.  ScU  vol.  es.vi.,  p.  375, 
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lation  may  be  greatly  reduced  and  the  blood  may  even  lose  the  cell  forms 
characteristic  of  leukaemia,  the  myelocytes  being  replaced  by  lymphocytes 
or  the  ordinary  polynuclear  leucocytes  of  normal  type. 

The  same  condition  may  be  seen  in  mild  cases,  which  may  under  treat- 
ment reach  a  point  in  which  it  is  difficult  to  make  a  diagnosis  from  the 

blood  alone. 

In  this  connection  it  must  be  remembered  that  the  blood  picture  in 
pernicious  anaemia  and  the  leukaemias  is  a  very  variable  one.  As  a  rule, 
more  than  one  examination  is  necessary  for  a  certain  diagnosis,  and  it 
must  not  be  forgotten  that  occasionally  a  case,  apparently  of  pernicious 
anaemia,  may  go  on  to  a  typical  lymphatic  or  myelogenous  leukaemia. 

In  myelogenous  leukaemia  there  is  hyperplasia  of  the  bone  marrow, 
which  usually  fills  the  shafts  of  the  long  bones  with  a  firm,  pink  mass 
composed  largely  of  myelocytes.  This  hyperplasia  may  involve  the 
whole  bone  marrow  of  all  the  long  bones,  or  it  may  be  confined  to  irreg- 

ular, scattered  areas,  so  that  one  should  be  critical  in  accepting  reports 
of  cases  of  leukaemia  without  bone-marrow  changes.  The  other  organs 
show  hyperplasia  of  lymphoid  tissue,  often  especially  well  marked  in  the 
gastro-intestinal  tract,  while  scattered  through  the  spleen  are  often  seen 
numerous  small  areas  containing  myelocytes. 

There  is  some  reason  to  think  that  in  the  spleen,  for  instance,  some 

multiplication  of  the  cells  goes  on  in  the  so-called  ̂ *  marrow  cell  or  mye- 
loid metastases.^'  The  same  change  may  rarely  be  seen  in  the  liver  and 

lymph-nodes.  In  the  blood,  spleen,  and  marrow,  after  death,  elongated 
octahedral  crystals  (called  Charcot-Leyden  crystals)  are  occasionally 
found.  Haemorrhages  into  the  serous  and  mucous  membranes  and  the 
retina  are  quite  frequent,  especially  the  latter,  and  fatty  degeneration 
of  the  viscera  is  a  quite  constant  expression  of  the  impoverished  condi- 

tion of  the  blood.  For  more  detail  concerning  the  lesions  of  the  organs 

see  chapters  on  spleen,  lymph-nodes,  bones,  etc. 

CHLOROMA. 

Under  this  name,  which  means  merely  "a  green  tumor,''  are  grouped 
a  number  of  forms  of  a  disease  which  shows  many  points  of  resemblance  to 

both  malignant  tumors  and  the  leukaemias.  It  is  now  generally  con- 
sidered to  belong  to  the  group  of  primary  diseases  of  the  haematogenetic 

organs,  its  closest  relationships  being  with  the  leukaemias.  The  impor- 
tant lesions  are  the  presence  of  new  growths  of  a  greenish  color  in  the 

osseous  system,  accompanied  in  many  cases  by  alterations  in  the  circu- 
lating blood.  The  tumors  are  frequently  observed  in  the  bones  of  the 

skull,  but  may  involve  any  of  the  organs  of  the  body.  Nothing  is  known 
as  to  the  chemical  relationships  of  the  coloring  matter. 

Two  chief  types  of  tumors  can  be  distinguished  histologically,  the 
lymphoid  and  the  myeloid.  In  the  lymphoid  form  the  tumor  and  its 
metastases  are  composed  of  cells  resembling  lymphocytes,  generally  of 
the  large  variety.  Diffuse  infiltration  of  the  other  organs  may  also 

occur,  resembling  that  seen  in  the  leukaemias.     In  the   myeloid  t\"pe 
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the  tumor  is  characterized  by  the  presence  of  large  cells  resembling  the 
myelocytes  or  myeloblasts  of  the  bone  marrow.  In  this  form  widespread 
involvement  of  the  bone  marrow  and  spleen  is  apt  to  occur,  and  extension 
to  other  organs  generally  takes  place  in  the  form  of  small  nodules  of 
myeloid  tissue. 

The  blood  pictures  may  be  conveniently  divided  into  four  types: 
One  with  small  lymphocytes;  one  with  large  lymphocytes,  which  is  the 
most  frequent  type;  one  with  atjrpical  large  mononuclear  cells  resembling 
myeloblasts;  and  one  in  which  the  myelocytes  are  the  cells  most  abun- 

dantly ^present.  The  red  corpuscles  also  show  the  changes  due  to  an 
ansemia. 

Unless  definite  superficial  tumors  are  present  it  is  often  impossible  to 
dififerentiate  the  blood  picture  from  that  of  a  leukaemia,  and  many  of  the 
eases  have  been  diagnosticated  only  after  death  by  the  finding  of  greenish 

tumors  scattered  throughout  the  organs.^ 

PSEUDO-LEUKjEMIA.     ("  Hodgkin's  Disease/'  "  Adenie.") 

For  a  consideration  of  pseudo-leukaemia  and  Hodgkin's  disease  see 
page  489. 

ANEMIA  INFAirrUM  PSEUDO-LEUKiEMICA.     (Von  Jaksch.) 

This  is  a  somewhat  peculiar  form  of  anaemia  occurring  in  children, 
and  characterized  by  progressive  anaemia,  by  a  considerable  increase  of 

leucocytes,  by  enlargement  of  the  spleen  and  liver,  and  often  by  hyper- 
plasia of  the  lymph-nodes.  A  large  number  of  nucleated  red  cells  are 

present  in  well-marked  cases.  Myelocytes  are  found,  but  rarely  form 
more  than  10  per  cent,  of  the  white  cells. 

By  some  authorities  it  is  regarded  as  an  early  stage  of  leukaemia  or 

as  a  type  of  leukanaemia,  by  others  as  a  form  of  secondary  anaemia  fol- 
lowing rachitis,  tuberculosis,  or  syphilis. 

The  histological  changes  in  the  blood-forming  organs  are,  so  far  as  is 

known,  very  similar  to,  but  less  pronounced  than,  those  of  leukaemia.^ 
SPLENIC  ANEMIA. 

A  very  chronic  form  of  anaemia  with  enlargement  of  the  spleen  was 

first  described  by  Banti.*  The  course  of  the  disease  may  be  divided 
into  three  stages;  one  in  which  there  is  marked  anaemia  with  increase  in 
the  size  of  the  spleen  and  irregular  attacks  of  fever,  the  white  cells  re- 

maining normal  in  number  and  proportion.  This  period  is  usually  from 
three  to  five  years,  but  may  be  much  longer.  Then  follows  an  interval 
of  a  few  months  in  which  there  are  jaundice  and  gastro-intestinal  dis- 

turbances, passing  into  the  final  stage  with  fever,  jaundice,  ascites, 
diminished  leucocytes,  extreme  anaemia,  and  often  severe  haemorrhages 

from  the  gastro-intestinal  tract.      The  chief   lesions  are  a  very  much 
»  Dock,  Amer.  Jour.  Med.  Sci.,  1893,  cvi.,  152;  Dock  and  Warthin,  Med.  News,  1904,  Ixxxv.,  971; 

L,ehndorff  (Eiigeb.  d.  inn.  Med.,  1910,  vi.,  221)  gives  a  very  complete  discussion  of  all  the  published  cases , 
now  amounting  to  about  ninety,  and  a  copious  bibliography. 

'  Consult  ilfow/t  and  Berggrun,  *'Die  chronische  Anaemie  d.  Kindesaltere,"  Leipsic,  1892. 
3  Bantif  Ziegler's  Beitr.,  1898,  xxiv.,  21;  Lossen,  Mitt.  a.d.  Grenxgeb..  1904,  xiii.,  753.  For  a  ver>' 

careful  study  of  the  remarkable  improvement. in  the  blood  following  splenectomy  see  Bierring  and 
Egdahl,  Jour.  Am.  Med.  Assn.,  1906,  xlvii.,  1149  (bibliography). 
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enlarged  spleen  with  induration  of  the  splenic  pulp,  atrophy  of  the 
Malpighian  bodies,  and  frequently,  though  not  always,  an  extreme 
sclerosis  of  the  portal  and  splenic  vessels.  The  sinuses  are  often  dilated 
and  may  contain  large  cells  filled  with  phagocyted  red  corpuscles.  A 
moderate  interlobular  cirrhosis  of  the  liver  is  usually  present,  but  is  not 
of  a  high  grade.  In  the  earlier  stages  no  cirrhosis  can  be  made  out. 

Changes  have  not  been  observed  in  either  the  lymph-nodes  or  the  bone 
marrow. 

Originally  the  condition  was  considered  merely  an  abnormal  cirrhosis 
of  the  liver  with  enlargement  of  the  spleen,  but  study  of  many  iiases  in 
recent  years,  together  with  the  striking  improvement  noticed  after 
splenectomy,  has  forced  the  conclusion  that  the  splenic  lesion  is  the  most 
important  and  that  the  cirrhosis  is  largely  a  secondary  phenomenon. 

Umber^  has  described  an  extremely  interesting  case  in  which-  there 
was  apparently  an  extensive  toxic  destruction  of  the  proteid  material  in 
the  body.  After  excision  of  the  spleen  this  destruction  was  checked  and 
the  proteid  balance  became  positive. 

In  the  type  of  splenomegaly  described  by  Gaucher,  there  is  often 
extreme  anaemia.  The  blood  may  contain  very  large  numbers  of  nucle- 

ated red  cells,  with  a  high  leucocytosis  and  a  small  percentage  of  myelo- 
cytes. This  is  not  constant,  however,  and  is  apparently  due  to  the  pres- 

ence of  metastases  in  the  bone  marrow  from  the  splenic  tumor.  (For  a 
description  of  the  lesions  of  the  spleen,  see  page  499.) 

Splenomegaly  accompanied  by  anaemia  is  occasionally  seen  in  adults, 
and  in  some  of  the  cases  there  seems  to  be  an  actual  limitation  of  the 

disease  to  this  organ,  but  there  is  no  reason  to  consider  the  condition  as 
worthy  of  a  separate  classification.  Many  of  the  cases  ultimately  prove 
to  be  obscure  forms  of  lymphatic  leukaemia  in  which  the  characteristic 
blood  pictures  appear  only  a  few  days  or  weeks  before  death.  Other 
forms  are  due  to  a  splenic  tuberculosis  or  syphilis.  In  children,  rickets, 
syphilis,  and  chronic  gastro-intestinal  lesions  are  the  chief  causes  of 
splenic  enlargement  with  ana?mia. 

A  separate  class  of  splenic  anaemias  heretofore  included  in  this  group 
has  been  shown  to  be  due  to  a  parasite  of  the  genus  Leishmania.  This 
type  of  splenic  anaemia  in  adults  is  seen  chiefly  in  India  and  the  Soudan. 
Minute  organisms,  the  Leishmania  donovani,  are  found  in  the  splenic 
pulp,  chiefly  inclosed  in  the  mononuclear  cells.  The  disease  is  also 
known  as  kala-azar.  The  organisms  can  be  grown  on  artificial  culture 
media  and  develop  into  a  flagellate  form  resembling  trypanosomes. 

The  splenic  anaemia  frequently  occurring  in  children  in  Southern 
Italy  and  Northern  Africa  has  been  shown  by  Nicolle  to  be  due  to  a 
similar  parasite,  the  Leishmania  infantum. 

A  marked  relative  lymphocytosis  characterizes  the  blood  of  both  of 
these  conditions.  The  parasites  can  be  found  in  the  blood  in  about  a 
half  of  the  adult  cases,  but  in  children  they  are  very  scanty.  In  blood 
obtained  by  splenic  puncture  the  parasites  can,  however,  be  easily  found 
in  both  forms. 

»  Umber,  Ztschr.  f.  klin.  Med.,  1904,  Iv.,  289. 



CHAPTER  II. 

THE  LYMPH-NODES. 

General  Characteristics  of  the  Lymph -Nodes. 

It  is  well,  in  studying  the  lesions  of  the  lymph-nodes,  to  remember  that  they  are 
structures  so  placed  in  the  course  of  the  lymph- vessels  that  the  lymph,  in  flowing 
toward  the  larger  central  trunks,  passes  through  them,  undergoing  a  sort  of  filtration 
as  it  percolates  through  the  trabecute  of  the  lymph  sinuses.  If  this  fact  be  borne  in 
mind  the  lesions  of  the  lymph-nodes,  which  are  in  the  majority  of  cases  secondary,  are 
much  more  readily  understood.  Particles  of  pigment,  cells  from  malignant  tumors, 

fragments  of  dead  or  disintegrating  celte  either  free  or  within  phagocj-tes,  red  blood 
cells,  bacteria,  etc.,  which  in  any  way  get  into  the  lymph-vessels,  are  carried  along 
until  a  lymph-node  is  reached,  and  here  they  are,  in  part  at  least,  deposited  among  the 
trabeculce  of  the  sinuses,  or  are  taken  up  by  phagocytic  cells,  while  the  lymph  passes  on 
and  out  of  the  efferent  vessels.  Soluble  toxic  substances  also  are  carried  into  the 

lymph-nodes,  often  inciting  marked  and  significant  alterations.* 
The  lymph-nodes  as  blood-forming  organs  stand  in  close  relationship  to  many 

abnormal  processes  in  the  body. 
What  is  called  lymphatic  tissue  embraces  not  only  the  so-called  lymph-glands  and 

the  less  complex  but  still  well-defined  structures  found  in  the  stomach,  intestines,  ton- 
sils, and  elsewhere,  and  called  lymph  follicles,  but  also  the  less  well-defined,  irregular 

masses  of  tissue  resembling  that  of  lymph  follicles,  which,  as  Arnold  has  shown  (Vir- 

chow's  Archiv,  Bd.  Ixxx.,  p.  315;  Bd.  Ixxxii.,  p.  394;  Bd.  Ixxxiii.,  p.  289;  Bd.  Ixxxvii., 
p.  114),  are  widely  disseminated  in  variable  amounts  in  different  parts  of  the  body;  in 
the  lungs,  beneath  the  pleura,  in  the  interlobular  septa,  and  elsewhere;  in  the  liver, 
kidneys,  etc.  Although  the  exact  nature  of  these  more  diffuse  masses  of  lymphatic 
tissue  is  too  little  understood,  as  indeed  is  that  of  the  lymph  follicles  and  glands  them- 

selves, there  is  reason  to  believe  that  they  are  analogous  structures  and  prone  to  be 
affected  by  similar  deleterious  agencies.  It  seems  better,  in  view  of  the  fact  that  the 
so-called  lymph-glands  are  not  glands  at  all,  in  the  ordinary  sense  of  the  word,  to  call 
them  lymph-nodes^  and  the  smaller  masses,  of  lymphatic  tissue  scattered  through 

various  parts  of  the  body  lymph-nodules  instead  of  "lymph-follicles."  ^ 
There  is  considerable  variation  in  the  situation,  number,  and  size  of  lymph-nodes 

in  special  regions  of  the  body,  and  they  vary  in  size  with  age.  It  may  be  said  that 
the  lymph-nodes  are  most  fully  developed  in  the  adult,  and  undergo  fatty  degenera- 

tion and  involution  in  old  age.^ 
Finally  the  lymph-nodes  are  built  up  of  cells  many  of  which  have  not  achieved  a 

high  degree  of  differentiation  and  thus  are  prone  to  undergo  mitosis  and  rapid  pro- 
liferation, when,  from  infective  or  destructive  processes  in  regions  to  which  they 

minister,  deleterious  agents  gather  in  their  recesses. 

ATROPHY. 

Atrophy  is  a  very  regular  occurrence  in  old  age.  In  this  condition 
the  nodes  are  small,  hard,  and,  unless  pigmented,  light  in  color.  Micro- 

scopical examination  shows  a  marked  diminution  in  the  number  of  par- 
*  For  a  study  of  bacteria  in  normal  lymph-nodes  see  Kulble,  Munch,  med.  Wochenschr.,  1899, 

p.  622. 
2  For  a  study  of  the  structure  of  lymph-nodes  see  Weidenreich,  Arch.  f.  mik.  Anat.,  Bd.,  Ixv., 

p.  1,  1905. 
*  For  a  study  of  regeneration  of  lymph-nodes  and  vessels  see  Meyer,  Johns  Hopkins  Hosp.  Bull., 

vol.  xvii.,  p.  185,  1906,  bibl. 
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enchyma  cells,  while  the  reticulum  and  the  capsule  and  traljecube  may 
be  thickenetl.  There  may  be  an  acfumulation  of  fat  around  the  node 
in  senile  atrophy. 

(Edema  of  the  lymph-nodes  may  be  associated  with  a  blocking  of  the 
associated  lymph-vessels.  Under  these  conditions  the  lymph  sinuses 
may  bo  widely  distended  {Fig.  283). 

DEGEItERATIOn. 

Amyloid  Degeneration  of  the  blood-vessels  and  reticulum  of  the 
lymph-nodes  occurs  under  the  conditions  which  favor  this  change  in 
general.  It  may  occur  in  connection  with  amyloid  degeneration  of  other 
parts  of  the  body,  or  by  itself.     It  may  occur  in  nodes  otherwise  normal. 

ir  fluid.     Thr  lymjih  follicli 

or  in  those  which  arc  the  seat  of  other  Icsions^thus  in  simple  chronic  or 
tuberculous  inflammation.  It  is  frequently  found  in  the  mesenteric 

lymph-nodes,  in  connection  with  wa\y  degeneration  of  the  intestinal 
mucous  membrane. 

Hyaline  degeneration  of  the  external  layers  of  the  smaller  arteries  and 
the  capillarief!  and  reticulum  of  the  lymph-nodes  occurs  occasionally  in 
old  age  or  in  connection  with  wasting  diseases. 
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PIGHEHTATIOK. 

The  pigment  which  is  very  frequently  found  in  lymph-nodes  may  be 
derived  from  the  haemoglobin  of  the  blood,  either  in  the  nodes  themselves 
or  in  remote  parts,  or  it  may  be  formed  of  various  materials  introduced 
into  the  body  from  without,  such  as  the  pigments  used  in  tattooing, 
respired  dust  particles  of  various  kinds — coal,  stone,  iron,  etc.  (Fig.  284). 
The  pigment  particlea,  which  usually  lodge  first  in  the  lymph  sinuses, 
may  collect  here  in  large  quantities,  either  in  the  reticulum  or  the  cells 
lying  in  its  meshes;  they  may  penetrate  the  follicles  and  cords  and  find 
permanent  lodgment  there.  They  usually  induce  a  greater  or  less  degree 
of  chronic  inflammation,  so  that  in  extreme  cases,  such  as  are  frequently 
seen  in  the  bronchial  lymph-nodes,  nothing  is  finally  left  of  the  node,  but 
a  more  or  le.ss  deeply  pigmented  mass  of  dense  connective  tissue.     The 

^.llli^■lc^s— noelulc;  C.  pcriftillirular  bmuh  sinuw. 

function  of  the  node  may  be,  of  course,  in  this  way  partially  or  entirely 

<l('stroyed.  The  pigment  in  these  cases  appears  to  reach  the  node,  in 
part  by  Ix-ing  carried  along  tree  in  the  lymph  current,  in  part  through 
transportation  by  leucocytes  in  which  the  particles  have  become  enclosed. 
Pigmentation  of  the  nodes  is  most  marked  in  those  about  the  root  of  the 
lungs,  which  arc  frequently  of  a  mottled  gray  or  a  black  color,  but  it 
may  occur  in  the  mesenteric  and  other  nodes.  Under  similar  conditions 

the  diffus*'  lymphatic  structure  in  the  lungs  and  liver  may  be  pigmented. 

IHFLAMMATIOH. 

Acute  inflammation  of  the  lymph-nodes  is  commonly  due  to  the  pres- 
ence of  pathogenic  micro-organisms  or  of  toxic  substances,  usually 

bacterial  in  origin,  which  may  be  formed  in  the  node  or  brought  to  it  in 

the  lymph  current  from  the  tributary  i-egion  of  the  body.     Under  these 
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conditions  the  nodes  are  usually  swollen,  reddened,  and  softer  than 
normal,  and  are  often  the  seat  of  small  haemorrhages.  One  or  all  of  the 
nodes  of  a  cluster  may  be  affected. 

Two  forms  of  the  acute  inflammatory  process  may  conveniently  be 
recognized,  a  hyperpl.\stic  and  an  exld.^tive. 

In  the  HYPERPLASTIC  form  a  microscopical  examination  shows  the 
lesion  to  be  largely  due,  in  addition  to  the  hyperemia  and  haemorrhage, 
to  a  proliferation  of  the  cells  of  the  node,  the  spheroidal  mononuclear 

cells  of  the  nodules  ("follicles")  and  cords,  and  especially  the  endothe- 
lial cells  of  the  lymph-spaces  (Fig.  285),  which  may  increase  in  number 

and  exfoliate  to  such  an  extent  as  to  fill  and  largely  distend  the  lymph 

simiscs.  Tho.«e  endothelial  cells  often  contain  red  blood  cells,  leuco- 
cytes, and  fragments  of  other  cells  (Fig.  28i)).  In  diphtheria,  scarlatina, 

and  typhoid  fever,  as  well  as  in  many  other  infectious  diseases,  necrosis 

of  the  hyperplastic  tissue  is  common.  The  necrosis  is  usually  in  circum- 
scribed areas— focal  necrosis — and  often  involves  especially  the  ger- 

minal centres  of  the  nodules. 

After  simple  hj-perplasia  of  the  lymph-nodes,  resolution  readily 
occurs.  But  if  necrosis  have  taken  place,  such  areas  may  be  replaced 
by  fibrous  tissue. 

This  form  of  lesion  of  the  lymph-nodes  is  common.  It  may  occur  in 
the  cervical  nodes  with  many  forms  of  angina;  in  the  inguinal  nodes  in 
connection  with  acute  infectious  processes  in  the  external  genital  organs; 
in  the  axilla  with  infectious  processes  in  the  hand,  arm,  or  breast;  in 
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the  mesenteric  nodes  with  infection  or  intoxication  of  intestinal  or  other 

origin.  Similar  lesions  occur  in  the  soHtary  lymph-nodules  and  Peyer's 
patches  of  the  intestine  (Fig.  287). 

In  EXUDATIVE  or  suppurative  forms  of  inflammation  of  the  lymph- 
nodes,  in  addition  to  the  simple  hyperplastic  changes  just  described, 
there  are  emigration  and  collec- 

tion of  leucocytes,  with  the 
formation  of  more  or  less  fibrin 

in  the  lymph  sinuses  'as  well  as in  the  interstices  of  the  nodules. 

The  capsule  of  the  nodes  may 
be  infiltrated  with  exudate. 

With  these  changes  there  may  ^^ 
be  necrosis  and  softening  of  the  (  , 

tissue  of  the  nodes  and  the  do-  '. 
velopment  of  abscesses.     8mall        *   *  - 
abscesses  may  coalesce,  and  thus  pio.  ass.— Endothelial  Ckllb  in  Htpehpusia 

a  considerable  part  of  the  node  ■*'  ̂ ^  Luiph-noihs. 

i,  converted  into  a  suppurating  '^r*l"„1';^"."i?b'£5',°i*i'"' necrotic    mass—bubo.      Such   a 
bubo  may  open  externally  or  into  the  surrounding  tissue  and  heal  by 
granulation  tissue  and  cicatricial  tissue;  its  contents  may  be  absorbed 
or  become  dry  and  dense  and  calcified,  and  surrounded  by  fibrous  tissue. 

Suppurative  inflammation  of  the  lymph-nodes  often  occurs  in  connection 
with  suppurative  processes  elsewhere,  in  pyaemia,  venereal  infection,  etc. 

■  The  lymph-nodes  of  children  are,  as  a  rule,  more  readily  involved  in. 
infectious   processes  of 
other   parts   than    are 
those  of  adults. 

Chronic  Inflamma- 
tton.— This  is  charac- 

terized by  the  increase 

'-.  of  the  connective-tissue 
.'  elements  of  the  node, 

with  a  gradual  and 

commensurate  disap- 

pearance of  the  lym- 
phoid cells.      The  ret- 

Fio.  2S7.— HiPEHPLAfllA  or  Petkr-b  Patch  in  Ttfuo.d  iculum    of    the   follicleS 

Showing  new-fomietl  endDthr"l  rulb  in  the  meahta  of  ths  ̂ ""^      sinUSeS      beCOmeS reticular  tissue  between  the  blood-vessels.  thickened    and   fibrOUS, 
and  in  the  trabeculfe 

and  capsule  new  connective  tissue  is  formed,  until,  in  advanced  cases, 
the  entire  node  may  be  more  or  less  extensively  converted  into  a  mass  of 
fibrous  tissue.  This  condition  is  very  frequently  seen  in  the  lower  tracheal 
and  in  the  bronchial  nodes,  apparently  as  a  result  of  the  lodgment  in  them 
of  respired  pigment  particles;  but  it  may  occur  in  any  nodes,  either  as  a 
result  of  repeated  moderate  degrees  of  inflammation  or  from  causes 
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which  we  do  not  know.  In  some  cases  the  nodes  are  greatly  enlarged 
and  the  new  tissue  contains  many  large  cells,  while  in  other  cases  the 

connective  tissue  is  dense  and  contains  but  few  cells  (Fig.  288).' 
Tuberculous  inflammation  may  be  local,  confined  to  the  nodes,  or  it 

may  occur  in  connection  with  general  acute  miliary  tuberculosis,  or  with 
tuberculous  inflammation  of  single  organs.  It  may  occur  in  single  nodes, 
or  in  several  nodes  of  the  same  group,  or  in  groups  situated  in  different 

parts  of  the  body.  In  its  simple  and  acute  form  there  may  be  no  evi- 
dent change  to  the  naked  eye  in  the  appearance  of  the  nodes,  or  they  may 

be  besprinkled  with  small,  grayish  white,  translucent  spots.  Under 
these  conditions  the  nodes  may  be  reddened  and  soft,  or  swollen  and 
denser  than  normal.  In  more  advanced  forms  of  the  lesion  the  tubercles 

coalesce  and  undergo  a  greater  or  loss  degree  of  cheesy  degeneration. 
Under  these  conditions  the  cheesy  areas  are  evident  to  the  naked  eye  as 
more  or  less  sharply  circumscribed,  opaque,  whitish  or  yellowish  areas, 
frequently  surrounded  by  an  irregular,  more  translucent,  grayish  zone 
of  tubercle  tissue  which  merges  insensibly  into  the  adjacent  tissue. 
The  entire  node  may  become  involved,  and  more  or  less  completely  con- 

verted into  a  cheesy  mass,  in  the  periphery  of  which  a  zone  of  tubercle 
tissue  may  or  may  not  be  evident. 

Microscopically  the  small  nodules  or  miliary  tubercles  are  seen  to 
consist  of  more  or  less  circumscribed  collections  of  small  spheroidal,  or 

more  frequently  larger  polyhedral  cells,  with  or  without  well-defined 
giant  cells.  They  usually  commence  to  form  in  the  follicles  and  lymph 
cords  of  the  nodes,  and  from  these  may  spread  and  involve  the  entire 

'Consult  nmm.  -Uebw  Rwenernlion  unrl  Enttundung  der  I.ymphdnisen."  Zifgler's  B«ilrlge 
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surrounding  tissue..  The  cheesy  degeneration,  which  here  as  elsewhere  is 
apt  first  to  involve  the  central  portions  of  the  tubercles,  presents  the 
usual  appearances.  Tubercle  bacilli  may  be  found  in  the  edges  of  the 
cheesy  areas  or  in  the  tubercle  tissue  about  them. 

Simple  inflammatory  changes  regularly  occur  in  the  periphery  of  the 
tubercles.  There  is  an  increase  of  cells  in  the  lymph  sinuses  and  follicles, 
and  a  more  or  less  marked  swelling,  and  apparently  a  proliferation  of  the 
cells  of  the  reticular  tissue  of  the  node.  In  cases  in  which  the  process  is 
chronic  there  is  often  marked  increase  of  the  connective  tissue  of  the 

nodes,  the  reticular  tissue  becomes  dense  and  fibrous,  and  the  trabeculae 

and  capsule  are  thickened.  The  tubercles  themselves,  instead  of  under- 
going cheesy  degeneration,  may  become  fibrous  or  be  converted  into  a 

hyaline  material. 
The  cheesy  material  may  dry  and  shrink,  and  become  enclosed  by  a 

capsule  of  dense  connective  tissue  and  become  calcified;  or  it  may  soften, 
and  thus  cavities  be  formed  in  the  nodes,  filled  with  grumous  material; 
or  inflammatory  changes  may  be  induced  in  the  vicinity  of  the  nodes, 
leading  to  abscesses.  On  the  other  hand,  hyperplastic  inflammation  in 
the  periphery  of  the  affected  nodes  may  result  in  their  becoming  bound 
together  into  a  dense  nodular  mass. 

The  formation  of  bone  in  lymph-nodes  has  been  described  in  con- 
nection w-ith  tuberculous  inflammation,  carcinoma,  and  other  lesions.^ 

Scrofula. — Tuberculous  inflammation  of  the  lymph-nodes,  espe- 

cially in  those  of  the  cervical,^  bronchial  (Plates  III.  and  IX.),  and 
mesenteric  groups,  often  occurs  in  children,  particularly  in  those  who  are 
ill-nourished.  Xorthrup  and  Bovaird  found  in  an  analysis  of  200  cases 
of  tuberculosis  in  children  that  the  lungs  and  bronchial  lymph-nodes 

were  involved  in  148.^  Such  persons,  in  addition  to  the  lesion  of  the 
lymph-nodes,  are  very  liable  to  suffer  from  chronic  tuberculous  and 
other  inflammations  of  the  mucous  membranes,  skin,  periosteum,  joints, 

and  the  subcutaneous  and  other  connective  tissues.  This  general  con- 
dition is  known  as  scrofula  ̂   and  the  lesion  of  the  nodes  is  sometimes 

called  scrofulous  inflammation. 
While  in  many  cases  the  portal  of  entry  of  the  tubercle  bacilli  is  not 

evident,  and  the  lesions  often  present  the  appearance  of  hyperplasia  of 
the  lymphoid  tissue  with  cheesy  degeneration  and  the  formation  of  more 

or  less  dense  fibrous  tissue  rather  than  the  typical  characters  of  tubercu- 
lous tissue,  nevertheless,  miliary  and  other  forms  of  tuberculous  inflam- 

mation are  often  present  in  so-called  scrofula,  and  tubercle  bacilli,  while 

sometimes  absent,  are  often  present  and  virulent.* 
The  necrotic  portions  of  such  cheesy  lymph-nodes  in  scrofula  may 

>  See  Merkel,  Munch,  med.  Woch.,  1905,  p.  1238. 
2  For  bibliography  of  cervical  tuberculous  lymph-nodes  see  Dowd,  Annals  of  Surgery,  May,  1899. 
'  For  a  study  of  tuberculous  bronchial  lymph-nodes  in  children  consult  Northrup,  N.  Y.  Med. 

Jour.,  vol.  liii.,  p.  203,  1891;  also  Bovaird,  ibid.,  vol.  Ixx.,  p.  1,  1899.  See  further,  reference  to  Mar/an^ 
p.  543.  For  later  study  of  tuberculosis  of  lymph-nodes,  especially  in  childhood,  see  Harbitz,  Jour.  Inf. 
Dis.,  vol.  ii,,  p.  143,  1905. 

■*  In  the  examination  of  lymph-nodes  for  tubercles  and  tubercle  bacilli  it  should  be  remembered 
that  not  infrequently,  though  one  fails  to  find  either  morphological  tubercles  or  stained  bacilli,  the 
inoculation  of  portions  of  the  fresh  tissue  into  guinea-pigs  will  show  that  living  and  virulent  bacilli 
were  present. 
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soften  and  break  down,  and  by  the  establishment  of  purulent  and  necrotic 
inflammation  about  them  abscesses  may  form  which  may  open  externally. 
These  abscesses  may  heal;  but  usually  the  healing  is  difficult  and  slow, 

and  long-continued  suppurations,  frequently  with  the  development  of 
fistute,  are  very  common.  Instead  of  softening,  the  cheesy  material  in 
the  nodes  may  become  dry  and  hard  and  undergo  calcification. 

Generalized  Tuberculous  Lymphadenitis. — Several  cases  have 

been  recorded  of  extensive  tuberculous  hyperplasia  of  the  lymph-nodes 
in  various  parts  of  the  body,  the  lesion  resembling  in  its  gross  characters 
that  of  pseudo-leukaemia.  While  in  some  of  these  cases  the  morphology 
of  the  lesions  is  characteristic  of  tuberculosis,  in  others  the  new  tissue  is 

diffuse  and  consists  largely  of  new-formed,  small,  spheroidal  and  poly- 
hedral cells  with  large  multinuclear  cells,  and  of  fibrous  tissue.  The 

new-formed  cells  may  undergo  necrosis.  Thus  the  tuberculous  nature  of 
the  lesion  is  not  always  plain,  even  on  microscopic  examination.  Animal 
inoculations  are  often  necessary  for  the  establishment  of  the  nature  of 

such  cases. ^ 
Sjrphilitic  Inflammation. — The  lesions  of  the  lymph-nodes  which  occur 

in  connection  with  syphilis  vary  greatly,  depending  upon  the  stage  of  the 
disease.  In  the  primary  stage  the  nodes  in  the  region  of  the  seat  of 
infection  are  apt  to  present  the  lesions  of  an  ordinary  acute  inflammation, 
frequently  with  suppuration. 

In  the  secondary  stage  of  the  disease  the  nodes  of  other  regions,  neck, 

elbow,  axDla,  etc.,  are  often  swollen  and  hard.  On  microscopic  exam- 
ination, there  may  be  an  increase  of  connective  tissue  in  the  capsule  and 

trabecule,  but  the  chief  change  is  in  the  accumulation  in  the  follicles  and 
lymph  sinuses  of  larger  and  smaller  spheroidal  and  polyhedral  cells. 
The  reticular  tissue  may  be  thickened  and  the  walls  of  the  blood-vessels 
infiltrated  with  cells.  In  this  condition  the  nodes  may  remain  for  a  long 
time,  not  tending  to  form  abscess;  or  they  may  undergo  resolution  through 
degeneration  and  absorption  of  the  cells. 

In  the  tertiary  stage  of  the  disease  the  nodes  may  be  the  seat  of 
chronic  inflammation  characterized  by  the  formation  of  gummata. 
Under  these  conditions  they  may  form  large,  firm  nodular  masses  from 
the  growing  together  by  new  connective  tissue  of  several  altered  nodes. 
The  gross  and  microscopical  characters  of  gummata  of  the  lymph-nodes 
are,  in  the  main,  similar  to  those  in  other  parts  of  the  body. 

HYPERPLASIA  OF  THE  LYMPH -NODES.     (Lymphoma.) 

In  addition  to  the  considerable  enlargements  of  the  lymph-nodes  in 
inflammation  which  have  been  described  above,  they  become  enlarged 
under  a  variety  of  conditions  which  we  do  not  understand.  This  lack 
of  knowledge  of  the  etiology,  together  with  our  ignorance  of  certain 
functions  of  the  lymph-nodes,  and  the  morphological  similarity,  or  even 
identity,  which  these  enlarged  nodes  present  under  various  conditions, 

*  For  a  study  of  this  form  of  tuberculosis  consult  Crowder,  N.  Y.  Med.  Jour.,  vol.  Ixxii..  pp.  443 
and  490.  1900,  bibl. 
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render  it  very  difficult  to  decide  upon  the  exact  nature  of  the  change, 
and  in  many  cases  to  distinguish  one  form  of  enlargement  from  another. 

In  the  first  place,  there  is  a  class  of  cases  in  which,  sometimes  slowly, 
sometimes  with  great  rapidity,  the  lymph-nodes  of  certain  regions, 
especially  the  abdominal,  axillary,  cervical,  and  inguinal,  enlarge,  not 
infrequently  to  an  enormous  extent.  They  may  be  either  hard  or  soft, 
even  almost  fluctuating;  the  individual  nodes  may  be  distinct  or  merged 
into  one  another.  Sometimes  the  nodes  in  nearly  all  parts  of  the  body 
are  affected.  Microscopic  examination  shows,  in  the  soft  varieties,  a 
large  increase  of  small  spheroidal  and  polyhedral  cells  and  a  growth  of 
the  reticular  tissue.  It  is  a  new  formation  of  lymphatic  tissue,  but  the 
normal  relations  of  follicles,  cords,  and  lymph  sinuses  are  not  preserved. 
In  the  harder  varieties  there  is  a  thickening  of  the  reticular  tissue  in 
addition  to  an  increase  of  cells.  In  rare  cases  portions  of  the  nodes 
become  necrotic.  Sometimes  larger  and  smaller  haemorrhages  occur  in 
the  nodes,  especially  in  the  softer  forms.  In  addition  to  these  changes 
in  the  lymph-nodes  there  is,  in  a  considerable  proportion  of  cases,  a  new 
formation  of  lymphatic  tissue  in  greater  or  less  quantity,  in  other  parts 
of  the  body,  in  the  spleen,  in  the  gastro-intestinal  canal,  in  the  marrow 
of  bones,  in  the  liver,  kidneys,  etc.,  and  the  number  of  lymphocytes  in 
the  blood  and  in  other  parts  of  the  body  is  increased.  This  general 
condition  is  known  as  leukcemia  and  has  been  considered  above,  under 

"Diseases  of  the  Blood  and  Blood-forming  Organs."  The  enlarged 
lymph-nodes  in  this  disease  may  be  called,  for  convenience,  leukcemic 
lymphomata. 

There  is  occasionally  a  moderate  enlargement  of  the  lymph-nodes  in 
the  myeloid  form  of  leukemia,  though  the  increase  in  size  is  rarely  so  great 
as  that  seen  in  the  lymphatic  type.  The  nodes  remain  discrete,  though 
the  capsule  is  frequently  infiltrated  with  cells  resembling  lymphocytes 
or  myelocytes.  Microscopically  there  is  a  growth  of  mononuclear  cells 
of  the  granular  types  ordinarily  found  in  the  bone  marrow.  As  these 
areas  of  myelocytes  increase  in  size  the  lymph  follicles  gradually  dis- 

appear and  finally  the  whole  lymphoid  tissue  of  the  node  may  be  replaced 
by  myeloid  structures.  Usually  such  nod^  are  soft  and  do  not  undergo 
fibrous  changes.  The  blood  changes  of  a  myelogenous  leukaemia  also  help 
to  differentiate  this  type  of  lesion  from  the  purely  lymphatic  enlargement. 

PSEUDO-LEUKSMIA. 

There  are  two  forms  of  disease  resembling  leukaemia  in  many  respects, 
but  usually  accompanied  with  a  less  marked  involvement  of  the  spleen 
and  no  increase  in  the  number  of  leucocytes  in  the  blood.  These  may  be 

called  pseudo-leukaemia  and  Hodgkin^s  disease.  While  the  gross  appear- 
ances of  the  lymph-nodes  in  both  of  these  diseases  are  quite  similar,  there 

are  differences  in  the  microscopical  structure  which  warrant  the  separa- 
tion of  the  two  conditions.  In  the  true  pseudo-leukaemia  there  is  a  pro- 

gressive hyperplastic  growth  of  lymph-nodes,  and  often  in  addition  a 
diffuse  hyperplasia  of  the  lymphoid  tissue  normally  present  in  such 
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organs  as  the  liver  or  kidney.  It  is  not  impossible  that  transitions 
between  this  disease  and  ieukiemia  may  occur,  or  that  many  of  the  eases 
included  under  this  head  may  have  been  forms  of  chronic  lymphatic 
leukfemia  without  blood  changes  sufficiently  marked  to  compel  their 
consideration  as  true  leuksemias. 

The  changes  niay  involve  individual  nodes,  or,  what  is  more  usual, 

the  nodes  of  a  definite  region  may  enlarge  simultaneously.     When  sec- 

tioned the  tumors  are  soft  anil  grayish  red.  They  usually  do  not  show 
necrotic  areas. 

Microscopically  the  nodes  re.semble  those  seen  in  lymphatic  leukieniia, 
there  being  a  loss  of  the  typical  structure  and  replacement  by  a  <li(Tuse 
growth  of  lymphocytes  and  fine  reticular  connective  tissue  (Fig.  289). 
Rarely  large  or  even  multinucleated  cells  may  be  found.  The  amemia 
in  these  cases  is  no  greater  than  that  due  to  interference  by  similarly 
extensive  malignant  growths  affecting  any  other  tissue. 

The  -second  type,  or  Hodgkin's  disease,  shows  microscopically 
changes  in  the  lymph-nodes  which  are  entirely  different  from  those  just 



THE    LYMPH-MODES  491 

described.  The  nodular  lesions  in  some  cases  which  have  until  recently 

been  classified  as  Hodgkin's  disease  resemble  tubercle  tissue,  and  the 
changes  are  unquestionably  due  to  a  diffuse  tuberculosis  of  the  lymphoid 

system,'  though  the  bacilli  can  usually  be  demonstrated  only  by  animal 
inoculations. 

This  group  should  be  sharply  differentiated  from  the  other  form, 

which  has  been  designated  by  I'appenheim  "granulomatous  pseudo- 
leukiemia"  and  is  the  type  to  which  Hodgkin's  name  is  now  generally 

t  Hodokih'h  Dm 

attached.  True  tubercles  are  not  present  except  aa  an  accidental  super- 
imposed lesion,  but  the  nodes  undergo  peculiar  changes  which  are  quite 

characteristic  even  in  an  early  stage.  The  alterations  characteristic  of 

Hodgkin's  disease  may  involve  the  superficial  nodes  of  the  neck,  axilla, 
inguinal,  or  cubital  regions,  or  the  lesion  may  be  confined  entirely  to  the 

bronchial  or  retroperitoneal  nodes.-  In  some  cases  the  spleen  is  very 
slightly  affected;  in  others  extensive  necroses  with  fibrous-tissue  replace- 

ment  may  occur.     The    bone  marrow  shows  a  moderate  hyperplasia 

■  Slrrnbrra  (Zticbc.  f.  Heilk.,  1H9S,  lix..  21)  bos  uuiIf  a  rairful  xludy  of  c»gc3  of  this  Upe- 
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(Fig.  290).  In  advanced  cases  the  liver  may  show  a  few  of  the  charac- 
teristic,nodules  (Fig.  291).  The  gross  appearance  of  the  nodes  is  con- 

siderably altered  from  the  normal.  They  may  be  lobulated,  soft  or  hard, 
and  white,  gray,  or  red,  and  often  show  areas  of  necrosis.  They  are 
usually  entirely  discrete,  and  there  is  no  infiltration  of  the  capsule  or 
perinodular  fat  with  lymphocytes  as  is  the  case  in  the  forms  of  enlarge- 

ment due  to  leukffimia  or  lymphosarcoma.     At  first  the  only  lesion, 

FlQ. 291 
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besides  a  moderate  hyperplasia,  may  be  the  development  of  areas  con- 
taining a  considerable  number  of  large  cells  with  a  faintly  staining  cell 

body  and  a  single  large  nuclei,  sometimes  showing  mitosis  (Fi^.  292  and 
29;i).  In  this  early  stage  these  cells  correspond  closely  in  morphology 
with  the  largo  cells  of  the  germinal  centres;  they  are  not  the  same  as 
the  multinucleated  cells  of  the  later  development  of  the  disease.  Not 
all  the  enlarged  nodes  show  these  changes  equally  well.  Such  alterations 
in  the  structure  can  scarcely  bo  considered  as  specific,  since  they  may  be 



THE    LYMPH-NODES 

93.~-Hoi>aUN's  Dui 



494  THB    LYMPH-NODES 

found  in  nodes  undergoing  chronic  hyperplasia  in  response  to  the  irrita- 
tion of  a  neighboring  malignant  epithelial  growth. 

In  the  second  stage,  however,  the  diagnosis  is  usually  possible  from 
an  individual  node,  for  there  are  present  not  only  the  large  cells  before 
mentioned,  but  necrotic  areas  surrounded  by  cells  of  the  epithelioid 
(Fig.  294)  type  and  more  or  less  numerous  large  cells  with  polymorphic 
nuclei  or  with  two  or  more  small  oval  nuclei  lying  in  the  centre  of  the 

cell  body.  True  giant  cells  of  the  Langhans'  type  (see  Fig,  264,  p,  413) 
with  peripherally  arranged  nuclei  are  rare  in  eomparisou  with  the  other 

form  (t'ig.  2!)o) .  This  group  of  cells  is  probably  produced  by  hyperplasia 
of  the  reticular  endothelial  cell-s.  Necrosis  in  the  nodes  and  spleen  in 

these  Ciises  may  be  very  extensive.  There  is  usually  a  beginning  re- 
placement hyperplasia  of  the  fibrous  tissue  of  the  reticulum. 

In  the  third  stage  the  nodes  may  be  smaller  than  the  previous  types, 

and  arc  composed  very  largely  of  dense  anastomosing  bands  of  fibroii.-! 
tissue  which  ocensionally  undergo  hyaline  degeneration  (Fig.  2!Hi). 
Thrombosis  or  extensive  obliterative  endarteritis  of  the  vessels  is  not 

uncommon,  and  the  lymphoid  tissue  may  project  under  the  epithelium 
so  as  nearly  to  close  the  lumen.     The  lymphoid  tissue  is  occasionally 
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reduced  to  a  few  scattered  areas  surrounded  by  dense  connective  tissue 
(Fig.  297). 

Eosinophile  cells  may  be  abundant  in  the  nodular  substance,  and 
sometimes  an  increase  in  eosinophiles  is  seen  in  the  circulating  blood ;  but 
neither  condition  is  constant.  Plasma  cells  also  may  be  found  in  the  tis- 

sues in  large  or  small  numbers.  Lymphoid  infiltration  in  the  organs, 
such  as  is  seen  in  leubemia,  is  not  usually  found.     In  fact,  an  important 

characterislic  of  Hodgkin's  di.scase  is  thjil  the  lesions  have  a  teiulenfv 
to  remain  in  nydular  form  and  not  to  destroy  the  organ  involved  com- 

pletely, if  we  except  the  lymph-nodes.  There  is  always  a  severe  pro- 
gresfivt;  secondary  amemia  with  occasionally  a  high  leucocyte  count, 
though  usually  the  alterations  in  number  and  proportions  of  the  white 

cells  from  the  normal  are  slight.' 
Le  Count  has  recently  described  a  benign  tumor — lyinphonia — in  the 

'  Imparlant  paprn  on  the  hixtoh^-  of  Hoilgkin't  ilL-utiM'.  with  hibliogmphy.  are  those  by 
Lonooipf.  Hull,  AycrClin.  Liil->ralorj-,  lW);i.  No.  l;Rm;,  J..hrw  Hopkins  Hosp.  Rp[,.,  1WJ2,  k.,  133, 
unii  Hiifimam.  Jour.  .Meel.  l(p...,  l!Ki;(.  Lx.,  37N. 
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groin  having  the  structure  of  a  lymph-node.^  A  form  of  generalized 
tuberculous  lymphadenitis  which  may  be  mistaken  for  Hodgkin's  dis- ease is  described  above. 

TUMORS. 

Sarcoma  occurs  in  the  lymph-nodes  as  a  primary  and  secondary 
tumor,  and  may  be  of  various  forms:  spindle-celled,  large  and  small 
round-celled,  and  angio-sarcoma.  It  is  not  easy  in  many  cases  to  dis- 

tinguish morphologically  between  the  small  round-celled  sarcomata  and 
the  above-described  lymphomata,  but  in  general  the  leukaemic  and 
pseudo-leukaemic  lymphomata  remain  circumscribed,  while  the  sarco- 

mata tend  to  break  through  the  node  capsule  and  invade  the  surround- 
ing tissues.  Fibroma,  myxoma,  and  chondroma  occur  in  the  lymph- 

nodes,  but  are  rare.  Endotheliomata  are  described,  but  are  not  common. 
Secondary  carcinomata  of  metastatic  origin  are  of  frequent  occurrence, 
the  form  of  the  cells  and  the  nature  of  their  growth  depending  upon  the 
seat  and  character  of  the  primary  tumors. 

When  the  cells  of  malignant  tumors  are  detached  in  lymph  channels 
and  are  carried  away  in  the  lymph  currents,  they  are  usually  sooner  or 
later  caught  in  the  meshes  of  the  perifollicular  lymph  sinuses  of  the 
nodes.  Here  they  may  grow,  encroaching  upon  the  lymphoid  tissue  of 
the  node,  which  they  may  finally  largely  or  wholly  replace.  The  node 
is  then  markedly  enlarged  and  harder  than  normal.  After  a  time  the 
proliferating  tumor  cells  may  overcome  the  retarding  action  of  the  lymph- 
node  filter,  and  pass  beyond  them  into  the  veins,  whence  they  may  be 
widely  distributed. 

PARASITES. 

Aside  from  the  various  forms  of  bacteria  which  are  not  infrequently 

found  in  the  lymph -nodes  in  infectious  diseases,  among  the  animal  para- 
sites filaria,  trichina,  and  pentastomum  have  been  described. 

ttffiMOLYMPH-NODES. 

Numerous  observers  have  described  the  occurrence  in  man  and  certain  of  the  lower 

animals,  under  normal  as  well  as  pathological  conditions,  of  structures  which  resemble 
lymph-nodes,  but  are  usually  smaller  and  are  red  or  mottled  red  and  white.  In  man 
they  are  found  especially  in  the  prevertebral  fat,  in  the  deep  cervical  region,  in  the 
retroperitoneal  region,  near  the  renal  vessels,  and  about  the  rim  of  the  pelvis.  They 
are  normally  present,  but  they  may  be  more  conspicuous  under  certain  pathologi- 

cal conditions — pernicious  ana>mia,  acute  infections,  intoxications,  etc.  Their  color  is 
due  to  the  presence  of  blood  in  the  sinuses  of  the  nodes.  There  are  numerous  transi- 

tional forms  between  nodes  containing  lymph  sinuses  only  and  those  which  more 
nearly  resemble  the  spleen  in  character.  They  become  more  prominent  and  are 

increased  in  number  after  splenectomy  in  animals.^  These  structures  do  not  appear 
to  be  lymph-nodes  in  which  blood  has  accumulated  from  hypersemia  or  haemorrhage, 

1  Le  Count,  Jour,  Exp.  Med.,  vol.  iv.,  p.  559,  1899,  bibliography  of  lymphoma. 
'  See  Warthin,  Jour.  Med.  Res.,  vi.,  3,  1901,  and  '*  VaughanAnnivereary  Contribution  to  Medical 

Research,"  1903,  p.  216. 

32 
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and  the  sinuses  containing  blood  may  be  injected  from  the  blood-vessels.  In  the  most 
typical  forms  of  haemolymph-nodes,  the  cortical  and  medullary  portions  are  not  well 
defined  and  the  germinal  areas  in  the  lymphoid  tissue  are  less  marked  than  in  lymph- 
nodes.  Many  large  cells,  probably  proliferated  endothelium,  containing  red  blood 
cells  and  blood  pigments,  are  usually  present  in  the  lymph  sinuses.  In  addition  to 
these,  phagocytic  cells,  eosinophiles,  and  mast  cells  may  be  present. 

In  the  opinion  of  Warthin,^  who  has  made  especially  careful  studies  of  these  struc- 
tures, and  of  others,  they  are  inconstant  or  variable  organs  related  to,  but  distinct  from, 

lymph-nodes,   and   having  special  haemolytic   and   possibly  other  functions.    The 
studies  of  Dayton  in  general  confirm  the  conclusions  of  Warthin.^ 

*  For  a  full  and  excellent  summary  of  this  subject,  with  bibliography,  consult  Warthin,  Trans. 
Chicago  Path.  Soc,  vol.  v.,  p.  161,  1902.     For  a  study  of  the  development  of  luemolymph-nodes  iq 
adipose  tissue  see  Proc.  Path.  Soc.  of  Phila.,  vol.  vi.,  p.  229,  1903. 

'  Dayton,  Am.  Jour.  Med.  Sci.,  vol.  cxxvii.,  p.  448,  1904. 



CHAPTER  III. 

THE  SPLEEN  AND  THYMUS. 

The  Spleen. 

General  Characteristics  of  the  Spleen. 

In  studying  the  lesions  of  the  spleen  it  is  important  to  bear  in  mind  the  peculiar 
relations  in  which  this  organ  stands  to  the  blood-vessels  and  to  the  circulation.  After 
passing  through  the  various  branches  of  the  splenic  artery  and  the  limited  systems  of 
capillaries  which  are  associated  with  it,  the  blood  is  not  received  at  once  into  venous 
trunks,  as  in  other  parts  of  the  body,  but  is  poured  directly  into  the  pulp  tissue.  In 
this  it  circulates,  under  conditions  which  render  it  liable  to  stagnation  and  undue  accu- 

mulation, before  it  is  taken  again  into  well-defined  vessels  through  the  open  walls  of 
the  cavernous  veins.  Moreover,  these  conditions,  naturally  unfavorable  to  undisturbed 
and  vigorous  circulation,  are  reinforced  by  the  association  of  the  splenic  with  the 
sluggish  and  often  interrupted  portal  circulation.  Bearing  these  considerations  in 
mind,  it  is  in  a  measure  plain  why,  as  is  in  fact  the  case,  the  spleen  should  be  more 
liable  to  alterations  in  size  than  any  other  organ  in  the  body,  and  why,  serving  as  it 
does  as  a  sort  of  blood  filter,  it  should  be  especially  susceptible  to  the  influence  of 
deleterious  materials  of  various  kinds  which  in  one  way  or  another  gain  access  to  the 
blood.  The  relationship  between  the  lymph-vessels  and  the  spleen  is  also  intimate. 
Finally,  the  spleen  as  a  blood-cell  forming  and  blood-cell  destroying  organ  bears  an 
important  relationship  to  many  abnormal  conditions  in  the  body. 

Malformations  and  Displacements. 

The  spleen  may  be  absent  in  acephalous  monsters,  and  with  defective  development 
of  other  abdominal  viscera.  Absence  of  the  spleen  in  otherwise  normally  developed 
individuals  has  been  recorded.  There  may  in  this  condition  be  a  compensatory  hyper- 

plasia of  the  lymphatic  tissues  of  the  body.^  Small  accessory  spleens^  from  the  size  of 
a  hazlenut  to  that  of  a  walnut,  are  not  infrequent.  They  usually  lie  close  to  the  spleen, 
but  may  be  at  a  considerable  distance  from  it ;  thus  they  have  been  found  embedded  in 

the  head  of  the  pancreas.*  Two  spleens  of  about  equal  size  have  been  observed.  The 
spleen  may  be  made  up  of  several  distinct  lobes.  It  may  be  displaced  congenitally  or 
as  the  result  of  disease.  It  may  be  on  the  right  side  in  transposition  of  the  viscera. 
As  the  result  of  congenital  defects  in  the  diaphragm  the  spleen  may  be  found  in  the 
thorax;  or  in  deficient  closure  of  the  abdominal  wall  it  may,  together  with  other 
abdominal  viscera,  be  found  outside  of  the  body. 

The  spleen  may  be  pressed  downward  by  any  increase  in  the  contents  of  the  thorax, 
It  may  be  bound  by  adhesions  to  the  concave  surface  of  the  diaphragm,  so  that  its 
long  axis  is  nearly  horizontal  instead  of  vertical.  It  may  be  displaced  by  changes  in 
the  contents  of  the  abdominal  cavity.  If  the  organ  be  increased  in  size  it  frequently 
becomes  tilted,  so  that  its  lower  border  reaches  the  right  iliac  region.  If  the  ligaments 
be  too  long  congenitally,  or  if  they  are  lengthened  by  traction,  and  if  the  organ  is  at 
the  same  time  increased  in  weight,  it  may  become  very  movable.  It  may  sink  down- 

ward, with  its  hilus  turned  upward;  or  it  may  be  rotated  on  its  axis,  and,  owing  to 
torsion  of  the  vessels  thus  produced,  the  organ  may  atrophy;  or  the  pressure  of  the 
ligaments  and  vessels  across  the  duodenum  may  cause  occlusion  of  the  gut. 

1  See  Hodenpyl,  Med.  Ree.,  vol.  liv.,  p.  695,  1898,  bibl.  For  a  study  of  the  eflfect  of  splenectomy 
in  animals  on  the  haemolymph-nodes  see  Warthin,  '*  Vaughan  Anniversary  Contributions  to  Med. 
Research,"  1903,  p.  216. 

2  Hsemolymph-nodea  may  be  mistaken  for  accessory  spleens. 499 
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WOUNDS,  RUPTURE,  AND  HEMORRHAGE. 

Wounds  of  the  spleen  are  usually  accompanied  by  extensive  hsemor- 
rhage  and  are  commonly  fatal.  Death  usually  occurs  as  the  result  of 
this  haemorrhage,  but  it  may  be  due  to  secondary  inflammatory  changes. 
Healing  and  recovery  may,  however,  occur. 

Rupture  of  the  spleen  may  be  traumatic  or  spontaneous.  In  the 
former  case  it  may  be  due  to  direct  violence  in  the  region  of  the  organ 
or  to  injury  to  the  thorax,  falls,  etc.  In  certain  diseased  conditions  the 
spleen  is  more  liable  to  rupture  than  when  it  is  normal.  The  rupture 
usually  involves  not  only  the  capsule,  but  a  more  or  less  considerable 
portion  of  the  parenchyma,  and  of  course  leads  to  haemorrhage.  Spon- 

taneous rupture  is  rare,  but  may  occur  in  excessive  enlargement  of  the 

organ,  as  in  typhoid  fever,  malaria,  etc. — see  below — or  as  the  result  of 
abscess. 

Haemorrhage. — Aside  from  the  extensive  haemorrhages  from  injury 
and  rupture,  the  spleen  may  be  the  seat  of  small  circumscribed  haemor- 

rhages in  various  infectious  diseases,  although,  owing  to  the  peculiar 
distribution  of  the  blood,  it  is  often  very  difficult  to  distinguish  between 
a  moderate  interstitial  haemorrhage  and  hyperaemia.  Sacculat^id  aneu- 

rism of  the  splenic  artery  has  been  reported. 

ATROPHY. 

Atrophy  of  the  spleen  may  occur  in  old  age;  as  a  result  of  prolonged 
cachexiae,  and  in  connection  with  profound  and  persistent  anaemia;  or, 
more  rarely,  from  unknown  causes.  The  capsule  may  be  wrinkled  and 
thickened,  the  color  pale,  the  trabeculae  prominent,  the  consistence  in- 

creased. The  change  is  largely  in  the  pulp,  whose  parenchyma  cells 
are  decreased  in  number. 

DEGENERATION. 

Amyloid  Degeneration. — This  may  affect  the  glomeruli  or  the  pulp 
tissue,  or  both  together.  When  confined  to  the  glomeruli  the  spleen  may 
or  may  not  be  enlarged,  and  the  cut  surface  is  more  or  less  abundantly 
sprinkled  with  round  or  elongated,  translucent  bodies  resembling  consid- 

erably in  general  appearance  the  grains  of  boiled  sago.  These  are  the 

waxy  glomeruli.  Such  a  spleen  is  often  called  "sago  spleen"  (Fig.  298). 
Microscopical  examination  shows  that  the  degeneration  is  confined  to  the 
walls  of  the  arteries,  capillaries,  and  reticulum  of  the  glomeruli,  with 
atrophy  and  often  finally  total  disappearance  of  the  lymphoid  cells. 

In  other  cases,  either  with  or  without  involvement  of  the  glomeruli, 
there  is  waxy  degeneration  of  the  blood-vessels  and  reticulum  of  the 
pulp,  which  may  occur  in  patches  or  be  general  and  more  or  less  exces- 

sive. If  the  alteration  is  general  and  considerable,  the  spleen  is  enlarged, 
its  edges  are  rounded,  its  consistence  is  increased.  On  section  it  appears 
translucent,  and  the  distribution  of  the  degenerated  areas  may  be  readily 
seen  by  holding  a  thin  slice  up  to  the  light.  The  spleen  alone  may  be 
affected,  or  there  may  be  similar  degenerations  in  other  organs. 
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PIGHEnTATIOH. 

This  may  occur  as  the  result  of  the  decomposition  of  hemoglobin  in 
the  organ  or  elsewhere,  under  a  great  variety  of  conditions:  thus  after 
hiemorrhagic  infarctions,  small  multiple  haemorrhages,  acute  hyper- 

plastic splenitis,  and  in  hiemochromatosis,  etc.  Or  the  pigment  may  be 
anthracotic  and  be  brought  to  the  organs  from  the  lungs  or  bronchial 
nodes;  bile  pigment  may  also  be  deposited  in  the  spleen  in  jaundice. 
The  pigment  may  lie  in  the  walls  of  the  smaller  arteries,  in  the  cells  and 
reticulum  of  the  pulp,  or  free  in  the  latter  tissue,  or  in  the  follicles.     It  is 

usually  quite  unevenly  distributed.  The  pigment  may  be  red,  brown, 
or  black.  Anthracotic  pigment  is  deposited  cipecially  along  the  adven- 

titial sheaths  of  the  arteries.  It  may  be  sometimes  seen  with  the  naked 
eye  in  the  periphery  of  the  glomeruli  as  dark  crescents.  This  pigment, 

derived  from  the  lungs,  has  gained  access  to  the  blood-vessels,  through 
which  it  is  brought  to  the  spleen. 

DISTDKBAnCES  OF  THE  CIRCULATIOIT. 

Aniemia. — This  may  l>e  associated  with  general  anemia,  but  it  is  not 
always  present  in  this  condition.  When  marked  and  unassociated  with 
other  lesions  the  spleen  is  apt  to  be  diminished  in  size,  the  capsule  more 
or  less  wrinkled,  the  cut  surface  dry  and  lighter  in  color  than  normal, 
the  trabeculie  unduly  prominent. 

In  this,  as  in  other  alterations  simply  of  the  blood  content  of  the 
spleen,  neither  the  gross  nor  microscopical  appearances  are  con.stant, 
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because  of  the  redistribution  of  blootl  which  is  apt  to  occur  in  the  viscera 
after  death. 

Hypersemla. — Passive  hiter-emia  may  occur  in  obstruction  to  the 
portal  circulation,  most  frequently  in  cirrhosis  of  the  liver,  but  also 
with  certain  valvular  lesions  of  the  heart,  emphysema,  etc.  The  spleen 
is  enlarged,  but  usually  only  to  a  moderate  dogreo.  The  capsule  is  apt 
to  be  tense,  and  on  section  the  pulp  is  dark  red  and  may  be  soft  or  firm. 
The  cavernous  veins  arc  dilated  (Fig.  29U).  Usually,  when  the  lesion 

has  existed  for  some  time,  there  is  a  thickening  of  the  tralx-cula?  and 

reticular  framework  of  the  spleen,  so  that  these  are  prominent  on  section. 
In  other  words,  there  is  a  chronic  interstitial  splenitis  following  the 
chronic  congestion. 

.\cTivE  HVPEK.EMIA  of  the  splceu,  which  in  most  cases  is  scarcely 
to  be  differentiated  from  some  forms  of  acute  inflammation,  and  prob- 

ably in  many  cases  is  associated  with  it,  very  frequently  occurs  in  a  great 
variety  of  acute  and  infectious  diseases,  such  as  typhoid  fever,  pneu- 

monia, diphtheria,  pyaemia,  the  exanthemata,  etc.  The  spleen  is 
enlarged,  the  capsule  tense;  on  section  the  pulp  is  soft,  dark  red  in  color, 

often  swelling  out  from  the  cut  surface  and  toni'caling  the  glomei'uli  and 
trabeculie.  Under  these  conditions  the  cavernous  veins  are  distended 

with  blood  and  the  interstices  of  the  pulp  infiltrated  with  a  variable, 
sometimes  large  quantity  of  red  and  white  blood  cells.  Or,  in  addition 
to  this,  there  may  be  hyperplasia  (sec  below). 

Embolism  and  Infarctloa  of  the  Spleen. — Embolic  infarcts  of  the  spleen 
are  of  frequent  occurrence.  They  may  be  single  or  multiple,  small  or 
very  large,  sometimes  occupying  half  of  the  organ.  They  usually  arise 
from  the  detachment  of  thrombi  from  the  aorta  or  the  heart  valves. 
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They  are  in  general  approximately  wetlge-shapcd,  corresponding  to  the 
area  of  tissue  supplied  by  the  occiuded  artery  (Fig.  10,  p.  30).  They 
may  be  hemorrhagic,  i.e.,  red,  or  they  may  be  white.  Infarctions, 
originally  red,  may  become  white  after  a  time  from  changes  in  the  blood 
pigment  (Fig.  300).  They  may  usually  be  seen  as  dark  red,  reddish 

white,  or  white,  hard,  sometimes  slightly  projecting  areas  on  the  sur- 
face of  the  organ.  Not  infrequently  the  centre  of  the  infarction  is  light 

in  color,  while  the  peripheral  zone  is  dark  red.  A  layer  of  fresh  fibrin 
is  sometimes  seen  over  the  surface  of  the  infarction.  The  general  as 
well  as  the  microscopical  appearances  which  they  present  depend  largely 
upon  the  age  of  the  infarctions.  In  the  earlier  stages  the  hsemorrhagic 
infarctions  present  little  more  under  the  microscope  than  a  compact 

mass  of  red  blood  cells,  among  which  may  be  seen  the  compressed  paren- 
chyma.    The  white  infarction  may  show  at  first  an  outline  of  the  splenic 

structure,  but  the  entire  tissue  is  in  a  condition  of  coagulation  necrosis. 
The  tissue  may  disintegrate  and  soften,  and  be  more  or  less  completely 
absorbed,  with  or  without  fatty  degeneration.  A  zone  of  inflammatory 
tissue  may  appear  around  the  infarction  and  upon  the  capsule,  and  this 
tissue,  becoming  denser,  assume  the  characters  of  a  cicatrix  and  con- 

tract around  the  unabsorbed  remnant  of  the  infarction,  so  that  finally 

nothing  may  be  left  but  a  dense  mass  of  fibi-ous  tissue,  which  frequently 
draws  in  the  surface,  causing  more  or  less  distortion  of  the  organ.  This 
cicatrix  may  be  pigmented  or  white. 

If  the  embolus  be  infective,  in  addition  to  its  mechanical  effects  there 

may  be  suppuration,  gangrene,  and  the  formation  of  abscess.  There 
may  be  perforation  of  the  capsule  and  fatal  peritonitis.  Infarctions  of 
the  spleen  may  follow  thrombosis  of  the  splenic  vein. 

Thrombosis  of  the  splenic  vein  is  rare  as  a  primary  lesion,  but  it 
"lay  be  of  secondary  occurrence  in  connection  with  portal  or  mesenteric 
thrombosis,  with  other  lesions  of  the  spleen,  or  with  acute  inflammation 
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of  the  pancreas.     Thrombosis  of  the  splenic  vein  has  been  reported 
following  typhoid  fever. 

INFLAMMATION. 

Inflammatory  H3rperplasia  (Acute  Hyperplastic  Splenitis ^  Acute  Splenic 
Tumor). — The  conditions  under  which  hyperplasia  and  acute  inflamma- 

tion of  the  spleen  occur  have  already  been  mentioned  under  "Active 
Hypersemia,"  with  which  it  is  usually  associated.  It  is  a  frequent  though 
not  a  constant  accompaniment  of  the  acute  infectious  diseases.  The 
spleen  is  enlarged,  sometimes  to  two  or  three  times  its  normal  size.  On 
section  the  pulp  is  soft,  often  almost  diffluent,  and  projects  upon  the  cut 
surface.  The  color  is  sometimes  dark  red,  sometimes  grayish  red,  or 
mottled  red  and  gray.  The  trabecule  and  glomeruli  are  usually  con- 

cealed by  the  swollen  and  softened  pulp,  but  the  glomeruli  are  sometimes 
unusually  prominent. 

Microscopical  examination  shows  the  marked  increase  in  size  to  be 
due  in  part  to  the  hyperaemia;  in  part  to  a  swelling  and  increase  in  the 
number  of  cells,  sometimes  of  the  pulp,  sometimes  of  the  glomeruli,  or 
of  both.  There  are  multinuclear  cells;  cells  resembling  the  ovoid  and 
polyhedral  cells  of  the  pulp,  but  larger  and  with  evident  division  of  the 
nuclei.  Cells  resembling  leucocytes  may  be  present  in  large  numbers, 
and  larger  and  smaller  cells  in  a  condition  of  fatty  degeneration,  or  con- 

taining pigment,  are  often  seen.  The  elongated  cells  lining  the  cavernous 
veins  may  be  swollen  or  increased  in  number.  Not  infrequently  the 
larger  and  smaller  cells  contain  red  blood  cells  or  their  fragments.  In 
some  cases,  particularly  in  scarlatina,  hyperplasia  of  the  glomeruli  is  a 
prominent  feature;  in  other  cases,  particularly  in  typhus  and  recurrent 
fevers,  the  cells  of  the  glomeruli  undergo  marked  degenerative  changes, 
so  that  they  may  form  small  softened  areas  looking  like  little  abscesses. 
Focal  necroses  and  areas  of  small-celled  accumulation  or  cell  prolifera- 

tion are  common  in  typhoid  fever  and  other  infectious  diseases  (see 
p.  203).  As  the  primary  disease  runs  its  course  the  swelling  of  the 
spleen  subsides,  the  capsule  appears  wrinkled,  the  color  becomes  lighter, 
and  sometimes  the  organ  remains  for  a  long  time,  or  permanently,  small 
and  soft. 

The  lesions  of  the  spleen  are  in  many  cases  due  to  the  presence  of 
micro-organisms  which  are  usually  present  in  the  spleen  in  septicaemia 
or  they  may  be  due  to  soluble  toxic  substances  in  the  blood. ^ 

Suppurative  Splenitis  {Splenic  Abscess). — Small  abscesses  may  be 
found  in  the  spleen  as  the  result  of  minute  infectious  emboli,  and  these 
may  coalesce  to  form  larger  abscesses.  Sometimes  the  entire  paren- 

chyma is  converted  into  a  soft,  necrotic,  purulent  mass  surrounded  by 
the  capsule.  It  is  rare  for  simple  infarctions  to  result  in  abscess.  Ab- 

scess of  the  spleen  may  occur  from  the  propagation  of  a  suppurative 
inflammation  to   the  organ  from   adjacent   parts;  from  perinephritic 

^  For  a  study  of  the  r6le  of  the  spleen  in  infections  see  CourmorU  and  Duffau,  Arch,  de  m^.  exp., 
t.  X.,  p.  431,  1898,  bibl. 
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?a,  ulcer  and  carcinoma  of  the  stomach,  etc.  They  may  open 
into  the  peritoneal  cavity,  inducing  fatal  peritonitis,  or,  owing  to  an 
adhesive  inflammation,  the  opening  may  occur  into  the  post -peritoneal 
tissue,  into  the  pleural  cavity,  lung,  stomach,  intestines,  or  they  may 
open  on  the  surface.  On  the  other  hand,  the  contents  of  the  abscess  may 
dry,  shrink,  and  become  encapsulated  and  calcified.  Abscesses  may 
occur  in  ulcerative  endocarditis,  pysemia,  typhoid  fever,  and,  more  rarely, 
in  intermittent  fever,  and  under  a  variety  of  other  conditions. 

Chronic  Indurative  Splenitis  {Chronic  Splenic  Tumor). — There  may  be, 
as  we  have  already  seen,  a  new  formation  of  connective  tissue  in  the 
spleen  as  a  result  of  chronic  congestion  or  infarctions,  or  about  abscesses. 
But  there  is  a  more  diffuse  formation  of  connective  tissue,  usually  in  the 
nature  of  a  hyperplasia,  which  occurs  under  a  variety  of  conditions, 
and  is  now  marked  and  extensive,  and  again  comparatively  ill-defined. 
It  is  always  associated  with  more  or  less  extensive  changes  in  the  paren- 

chyma. In  its  most  marked  form  it  is  found  in  chronic  malarial  poison- 
ing; and  under  these  conditions  it  may  be  found  not  only  in  persons  who 

have  suffered  from  repeated  attacks  of  intermittent  fever,  but  also  in 
those  who  have  not  thus  suffered  but  have  resided  in  malarial  regions. 

The  enlarged  spleen  is  often  called  "ague  cake."  Similar  conditions, 
though  usually  less  marked,  may  occur  in  congenital  and  acquired 
syphilis,  from  prolonged  typhoid  fever,  and  as  a  result  of  acute  hyper- 

plastic splenitis  from  various  causes,  and  also  in  leukaemia  and  pseudo- 
leukemia. 

The  gross  appearance  of  the  spleen  in  chronic  indurative  splenitis 
varies  greatly,  both  in  the  size  of  the  organ  and  in  the  appearance  of  the 
section.  The  spleen  may  be  enormously 
enlarged  or  it  may  be  of  about  normal  size. 

It  is  usually,  however,  enlarged.  The  cap- 
sule is  commonly  more  or  less  thickened, 

frequently  unevenly  so.  The  consistence 
is  as  a  rule  considerably  increased,  but  this 
is  not  always  the  case.  The  color  and  ap- 

pearance of  the  cut  surface  pres<!nt  much 
variation.  It  may  be  nearly  normal  or  it 
may  be  grayish,  or  dark  brown,  or  nearly 
black.  The  color  may  be  uniform  or  the 
surface   may  be  mottletl.      The  glomeruli 

may  be  scarcely  vLsible  or  very  prominent;  "*      '   spi^Tt  a  '"'""*"  ̂  
the  trabcculae  are  in  some  cases  nearly  con-  Showiog  awtii  ng  an  i  pmi  ferai  an 

cealed  by  the  pulp;  in  others  they  are  large,  veiil^^  ''""  *  ""*  "'  ""^  c^raouB 
prominent,  and  abundant,  so  that  the  sur- 

face is  crossed  in  all  directions  by  an  interlacing  network  of  broadtrand 
narrower  irregular  bands,  between  which  the  red  or  brown  or  blackish 

pulp  lies. 
Not  less  varied  are  the  microscopical  appearances  of  the  fpletn  under 

these  conditions.  In  one  class  of  cases  there  is  more  or  \at>  uniform 

hyperplasia  of  both  pulp  and  interstitial  tissue.     The  piitnLh^ma  cclU 
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are  increased  in  size  and  number;  there  may  be  swcliiag  and  prolifera- 
tion of  the  lining  cells  of  the  cavernous  veins  (see  Fig.  30!).  The  retic- 

ulum of  the  pulp,  as  well  as  that  of  the  glomeruli,  and  also  the  trabecule, 
are  thickened.     In  another  clas.s  of  cases  the  thickening  of  the  reticular 

and  trabecular  tissue,  either  uniformly  or  in  patches,  is  the  prominent 
feature  (Fig.  302),  while  the  changes  in  the  pulp  are  rather  secondary 
and  atrophic.     In  both  forms  irregular  pigmentation  is  frequent,  the 
pip;ment  particles  being  <Iepositcd  either  in  the  cells  of  the  pulp  or  glom- 

eruli, or  in  the  new-formed  interstitial  tissue 
(Fig.  303).     Finally,  there  arc  all  intermediate 
fornm  of  induration  between  those  descril>ed, 
and  the  changes  arc  by  no  means  uniform  in 
the  same  organ.     When  these  spleens  are  large 
they  arc  liable  to  displaceniont. 

S]rphllitic  Splenitis.— This  lesion  may  pre- 
sent itself  as  an  indurative  process  due  to  the 

fornuition  of  new  connective  tissue,  and 
present  no  distinct  morphological  charactcr- 

Fio.  303.— Maur[*l    Hplbe.i.  ■  »■  t  l 

showin  thirkenin*  of  the  istics.  In  rare  cascs,  howevcr,  gummata  mav iroiwoiiUir  network  of  the  pulp,  bc  present  in  Connection  with  the  new 
With  piKm«ntaiioii  o  t  c  pu  p  fibrous  tissuc;  then  the  nature  of  the  lesion  is evident. 

Tuberculous  Splenitis. — This  lesion  is  usually  secondary  to  tuberculous 
inflammation  in  some  other  part  of  the  body,  or  is  the  result  of  the  gen- 

eral infection  in  acute  general  miliary  tuberculosis.  The  tubercles  may 
be  very  numerous  and  still  invisible  to  the  naked  eye,  or  they  may  be 
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just  visible,  or  as  large  as  a  pin's  ht-ad,  anil  very  thickly  strewn  through 
the  organ  or  sparsely  seattcred.  In  other  cases  the  tubercles  are  larger, 
sometimes  as  large  as  a  pea  (Fig.  304),  and  they  are  then  ordinarily  not 
numerous.  Microscopically  they  present  the  usual  variety  of  structure, 

sometimes  as  simple  tubercle  granula,  sometimes  as  eonglonieratc  tuber- 
cles; they  may  consist  simply  of  a  collection  of  small  spheroidal  cells, 

or  there  may  be  larger  polyhedral  cells  and  giant  cells  with  a  weil-tlcfincd 
reticulum.  Cheesy  degeneration  occurs  under  the  usual  conditions. 
Tul>erele  bacilli  are  commonly  present,  particularly  in  the  more  acute 
forms,  sometimes  in  small,  sometimes  in  enormous  numbers.  They  seem 

to  he  especially  abundant  in  acute  general  miliary  tuberculosis  of  chil- 

ilren.  These  tubercles  may  be  formed  in  the  glomeruli,  in  the  walls 

of  the  smaller  arteries,  in  the  pulp  tissue,  and  in  the  trabecula*  and  cap- 
sule. Owing  to  the  peculiar  character  of  the  spleen  tissue  the  earlier 

stages  are  not  readily  recognized,  since  simple  collections  of  small  sphe- 
roidal cells  are  not  distinctly  outlined  against  the  normal  tissue.  There 

is  fre(|uently  a  moderate  swelling  of  the  spleen,  owing  to  hypera-niia  and 
hyperplasia  of  the  parenchyma. 

Perisplenitis. — .Acute  infl.xmm.miox  of  the  capsule  of  the  spleen 
may  occur  as  a  part  of  a  general  or  Jocahzed  peritonitis,  or  as  a  result 
of  lesions  of  the  spleen  itself,  such  as  infarctions,  abscesses,  and  acute 
hyperplastic  inflammation.  Uniler  these  conditions  a  fibrinous  pellicle, 
with  more  or  less  pus,  may  he  formed  on  the  ."surface  of  the  organ. 

C'hroxic  inflammation,  resulting  in  the  production  of  new  connective 
tissue,  either  in  patches  or  as  a  more  or  less  general  thickening  of  the 
capsule,  is  of  frequent  occurrence.  It  may  follow  acute  inflammation  of 
the  capsule,  or  he  a  part  of  general  or  localized  chronic  peritonitis.     It 
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is  common  in  connection  with  chronic  indurative  splenitis,  and  it  may 
occur  from  unknown  causes.  Sometimes  the  capsule  is  three  or  tour 
millimetres  in  thickness  over  a  considerable  area;  sometimes  very  small 
nodular  thickenings  or  papillary  projections  occur.  As  a  result  of  this 
process,  adhesions,  sometimes  very  extensive,  may  form  between  the 
spleen  and  adjacent  parts.  The  thickened  capsule  is  sometimes  more 
or  less  extensively  calcified. 

CHROniC  Eni>OTHELIAL  HYPERPLASIA  OF  THE  SPLEEN.     ("Priauiy 

^CDomegalj.") 

Bovaird  has  recently  described  a  slowly  progressive  lesion  developing 

in  early  life  in  which  the  spleen  was  greatly  enlarged  and  firm  in  tex- 
ture, presenting  on  section  numerous  irregular  white  or  yellowkh  areas, 

extending  from  the  capsule  into  the  sub.stance  of  the  organ.     The  splenic 

and  mesenteric  lymph-nodes  and  the  liver  were  enlarged.  On  micro- 
scopic examination  the  spleen  lesion  was  found  to  consist  largely  of  an 

excessive  proliferation  of  the  endothelial  cells  of  the  pulp  (Fig.  305),  in 

part  alone,  in  part  associated  with  fibrous  hyperplasia.  Similar  endo- 
thelial hyperplasia  occurred  in  the  splenic  and  mesenteric  lymph-nodes 

antl  in  the  connective  tissue  of  the  liver.  There  was  marked  pigmenta- 
tion of  the  involved  lymph-nodes  and  in  the  liver  lesion.  This  condition 

has  apparently  been  several  times  described,  but  has  been  usually  regarded 
as  tumor  rather  than  endothelial  hyperplasia.' 
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ALTBRATIOnS  OF  THE  SPLEEN  IIT  LEUX^HIA  AND  PSEDDO-LEmUEIOA. 

The  lesions  of  the  spleen  are  essentially  similar  in  both  of  these  con- 
ditions. They  consist,  in  general,  of  a  hyperplasia,  sometimes  most 

marked  in  one,  sometimes  in  another,  of  the  structural  elements  of  the 
organ,  but  they  usually  all  participate  in  the  alterations.  The  changes 
which  occur  in  the  earlier  stages  are  but  little  known  (Fig.  300),  The 

gross  appearances  of  the  spleen  vary.  It  Is,  as  a  rule,  enlarged  and  some- 
times i.-s  ten  or  fifteen  times  the  normal  size.     It  is  commonly  hard,  but 

is  sometimes  of  the  ordinary  consistence,  or  softer,  and  the  capsule  is  gen- 
erally thickened  and  rough  (Fig.  307).  The  section  of  the  spleen  may  be 

of  a  uniform  dark  red  color,  but  it  is  more  frequently  mottled  red  and 
gray.  Sometimes  the  glomeruli  are  inconspicuous,  but  they  are  very 
often  enlarged  and  prominent.  They  may  be  two  to  four  millimelrea  in 
diameter,  and,  owing  to  an  infiltration  of  the  arterial  sheaths  with  lymph 
cells,  may  appear  to  the  naked  eye  as  grayish,  round  or  elongated  bodies, 
arranged  along  branching,  interrupted,  grayish  streaks.     The  trabeeulfe 
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may  be  greatly  thickened,  as  also  the  reticulum  of  the  pulp,  so  as  to  be 
evident  to  the  naked  eye.  Brown  or  black  pigment  may  be  collected 

around  the  glomeruli  or  in  the  pulp.  Hemorrhagic  infarctions  or  cir- 
cumscribed extravasations  of  blood  may  further  complicate  the  picture. 

Microscopically  the  appearances  are  essentially  the  same  as  those 
above  described  in  acute  hyperplasia  and  in  chronic  interstitial  splenitis, 
depending  upon  the  stage  and  variety  of  the  disease.     Owing  to  the  great 

Fla.   307,— t*l'BENOIlTHBLI*L  INFILTRATION    OF   SpLBNIC  SlNfSCa   BT   LTUPHUID   C«LLB   IN    A   CaSB   OF 

A  eimJIsr  lesioii  occurs  in  Hodgkia's  diseaae. 

size  which  some  such  spleens  attain  they  are  liable  to  displacement, 
and  they  may  interfere  by  pressure  with  the  functions  of  neighboring 

organs. 
TUMORS. 

Primary  tumor.s  of  the  spleen  are  rare.  Small  fibromata,  sarcomata, 
and  cavernous  anglomata  soinetimes  occur.  Sarcoma  and  carcinoma 
may  occur  in  the  spleen  secondarily  either  as  metastatic  tumors  or  by 
extension  from  some  adjacent  part,  as  the  stomach.  Dermoid  cysts 
are  described,  but  are  rare.  Other  larger  and  smaller  cysts,  whose  mode 
of  origin  is  in  most  cases  obscure,  not  infrequently  occur;  some  of  these 

may  be  lymphangiomata.' 
'  For  cyaU  of  spleen  we  0/(0.  ArheilenpBlli.a.int,  Init.  TUWngen.  BiL.  v„  p,  13,  190*. 
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PARASITES. 

Pentastomum  denticulatum  is  not  infrequently  found  in  the  spleen, 
usually  encapsulated  and  calcified.  Cysticercus  is  rare.  Echinococcus 
is  occasionally  found,  and,  if  the  cysts  are  large  or  numerous,  may  cause 
more  or  less  extensive  atrophy  of  the  organ. 

Various  forms  of  bacteria  have  been  found  in  the  spleen.  The  pyo- 
genic cocci  have  been  found  in  pyaemia,  small  pox,  ulcerative  endocar- 
ditis, diphtheria,  and  under  other  conditions.  The  Bacllltis  antliracis 

occurs  here  in  anthrax;  the  Bacillus  tuberculosis  in  tuberculous  inflam- 
mation; and  typhoid  bacilli  in  typhoid  fever.  Spiroclisete  Obermeieri  may 

be  present  in  relapsing  fever. 

The  Thymus. 

MALFORMATION  Am)  HYPERTROPHY. 

Small  accessory  thymus  glands  are  occasionally  found  near  the  thyroid. 
It  is  usual  for  the  development  of  the  thymus  to  reach  its  height  in  the  early  years 

of  life.  It  then  undergoes  involution  or  atrophy,  losing  its  epithelial  characters  and 
becoming  largely  composed  of  lymphoid  cells.  It  is  finally  represented  in  old  age  by  a 
small  mass  of  fat  tissue.  Occasionally,  however,  the  thymus  persists  until  youth  or 

middle  age  *  (Fig.  275).  Furthermore,  it  may  become  enlarged — so-called  hypertrophy 
of  the  thymus.  The  enlargement  is,  however,  due  to  a  hyperplasia  rather  than  hyper- 

trophy: the  new-formed  tissue  may  present  a  more  or  less  marked  lobulated  or 
glandular  appearance.  This  new-formed  tissue,  according  to  the  studies  of  Sultan 
and  Lochte,  may  be  largely  composed  of  lymphoid  cells,  or  of  larger  polyhedral  cells, 

so-called  "epithelioid"  cells.'     Focal  necroses  have  been  recorded  in  diphtheria. 

HEMORRHAGE. 

Small,  and  sometimes  large,  haemorrhages  are  occasionally  seen  in  the 
thymus  of  young  children  as  the  result  of  venous  congestion  in  asphyxia, 

poisoning,  etc.     They  may  also  occur  in  the  haemorrhagic  diathesis.' 

INFLAMMATION. 

Suppurative  inflammation  of  the  thymus  is  of  occasional  occurrence, 
and  is  usually  secondary  to  a  similar  inflammatory  process  in  some  other 
part  of  the  body.  Tuberculous  and  sjrphilitic  lesions  of  the  thymus  are 
described,  but  are  rare. 

TUMORS. 

Sarcoma  of  the  spheroidal-cell  form  is  the  most  common  tumor; 
Angioma,  Endothelioma,  and  Dermoid  Tumors  are  recorded. 

'  See  Lochte,  Centbl.  f.  allg.  Path.  u.  path.  Anat.,  Bd.  x.,  p.  1,  1899,  bibl. 
*  For  the  significance  of  a  persistent  thymus  in  certain  cases  of  sudden  death  see  Norton,  Phila. 

Med.  Jour.,  vol.  i.,  p.  249,  1898,  bibl,;  also  ref.  to  Ewing,  p.  1.  On  the  relationship  of  hyperplasia  in  a 

persistent  thymus  to  Hodgkin's  disease  consult  Brigidi  and  Piccoli,  Ziegler's  Beitr.  z.  path.  Anat., 
etc.,  Bd.  xvi.,  p.  388,  1894.  For  a  study  of  the  weight  of  the  thymus  in  infancy  see  Bovaird  and 
Nicoll,  Arch,  of  Pediatrics,  Sept.,  1906.  For  a  thorough  and  admirable  study  of  the  normal  and  path- 

ological histology  of  the  thymus  see  Pappenheimer,  Jour.  Med.  Res.,  xxii.,  1,  1910. 

'  For  a  study  of  "Apoplexy"  of  the  thymus  see  Mendelsohn,  Arch.  f.  Kinderheilkunde,  Bd.  xUv., 
p.  1,  1906. 



CHAPTER  IV. 

THE  THYROID  AND  ADRENALS. 

The  Thyroid. 

Malformations. 

The  thyroid  gland  is  sometimes  very  small,  either  as  the  result  of  atrophy  or 
as  a  congenital  deficiency.  For  the  relationship  of  this  condition  to  cretinism  and 
myxoedema  see  page  429. 

The  thyroid  may  be  irregularly  lobulat^d.  There  may  be  small  accessory  glands 

situated  at  some  distance  from  the  normal  position,  as  in  the  mediastinum  or  pleunu* 

DEGENERATION. 

Colloid  degeneration  of  the  epithelial  cells  of  the  gland,  and  the  filling 
of  the  alveoli  with  colloid  material,  are  of  common  occurrence,  and  when 
in  moderate  degree  may  be  regarded  as  normal,  since  a  certain  amount  of 
this  change  is  found  in  many  otherwise  apparently  normal  glands.  It 
may  occur,  however,  to  such  an  extent  as  to  constitute  an  important 
lesion  (see  below). 

Amyloid  degeneration,  particularly  of  the  blood-vessels,  is  of  infre- 
quent occurrence. 

Hyaline  degeneration  of  the  stroma  of  the  thyroid  may  occur. 

DISTURBANCES  OF  CIRCULATION. 

H3rper8emia  of  the  thyroid  gland,  often  accompanied  by  considerable 
enlargement  of  the  organ,  may  be  the  result  of  vahmlar  disease  of  the 

heart;  it  occurs  in  Basedow's  disease;  it  may  be  temporary  or  perma- 
nent, and  in  the  latter  case  may  be  associated  with  the  formation  of  new 

connective  tissue.  Haemorrhages  may  occur,  leading  to  cysts  and  to 
pigmentation  of  the  organ. 

INFLAMMATION.     (Strumitis.) 

Inflammation  of  the  thyroid  gland  is  not  very  common  and  may  occur 

under  a  variety  of  conditions,  especially  in  infectious  diseases,  septi- 
caemia, typhoid  fever,  diphtheria,  etc.  It  may  result  in  the  formation  of 

larger  and  smaller  abscesses  or  in  the  production  of  new  connective 

tissue  which  may  be  associated  with  atrophy  of  the  parenchyma.  Tuber- 
culous inflammation,  with  the  formation  of  miliary  tubercles,  is  of  infre- 
quent occurrence.^  S3rpliilitic  inflanmiation,  with  the  formation  of 

gummata,  has  been  described,  but  is  rare.* 
For  references  to  studies  on  removal  and  transplantation  of  the  thyroid  see  foot-note,  p.  7S. 

'  See  Roger  and  Gamier,  Arch,  g^n.  de  med.,  t.  iii.,  p.  385.  1900,  bibl. 

»  P'or  a  study  of  the  normal  and  pathologic  histology'  of  the  thyroid,  with  bibliography,  consult 
Muller,  Ziegler's  Beitr.  z.  path.  Anat.,  etc..  Bd.  xix..  p.  127.  1896;  Si]so  Erdheim,  Zieglers  Beitr.  Bd. 
xxxiii.,  1903,  p.  1.59.  For  myxoedema  and  Basedow's  disease  see  pp.  429  and  432.  For  rebtioos  of 
thyroid  to  pregnancy  see  Ward,  Surgery,  (lynecologj',  and  Obstetrics,  ix.,  617,  1909. 
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STRUMA.     (Byp«rpIasU  of  the  Thyroid;  Goitre.) 

Among  the  most  important  of  the  lesions  of  the  thj'roid  is  the  enlarge- 
ment of  the  organ  commonly  known  as  the  goitre  or  struma.  The 

enlargement  of  the  gland  may  occur  in  several  ways.  Thus,  a  simple 
hyperaemia  may,  as  above  stated,  lead  to  considerable  enlargement  of 

the  organ,  and  this  is  sometimes  called  struma  hypenrmica.  The  true  goi- 
tre, however,  consists  in  the  enlargement  of  the  old  and  the  formation 

of  new  gland  alveoli,  while  with  these  changes  there  is  very  frequently 

associated  a  greater  or  less  amount  of  colloid  degeneration.  When  there 
is  new  formation  of  gland  tissue  the  growth  has  the  character  of  an  ade- 

noma. The  hyperplasia  may  occur  diffusely,  so  that  the  whole  gland  is 
more  or  less  enlarged;  or  it  may  occur  in  the  form  of  circumscribed  nod- 

ules. When  the  colloid  degeneration  is  prominent,  so  that  the  tumor 

has  a  gelatinous  appearance,  it  is  called  colloid  druma  (Fig.  308).'  Accu- 
mulations of  fluid,  blood,  colloid,  etc.,  in  the  old  or  new-formed  alveoli, 

may  lead  to  dilatation  and  atrophy  of  the  walls  of  the  alveoli,  so  that 
cysts,  sometimes  of  large  size,  are  formed.  Thus  occurs  the  cystic  struma. 

Again,  the  blood-vessels  may  undergo  marked  dilatation,  so  that  we  may 
have  a  tflangiectalic  struma;  or  cavernous  angiomata  may  form  within 
goitres.  Very  frequently  all  these  varieties  of  lesions  are  preseiit  in  the 
same  goitre.  The  appearances  may  be  rendered  still  more  complex  by 
the  occurrence  of  hsemorrhages  and  pigmentation,  calcification,  purulent 
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or  indurative  inflammation  (strumitis),  and  by  the  not  very  infrequent 
association  with  carcinoma  and  sarcoma.  The  excitants  of  goitre  are  not 

well  understood.  The  growth  is,  as  a  rule,  slow,  but  occasionally  a  ver}' 
rapid  enlargement  occurs  as  the  result  of  a  sudden  increase  of  the  col- 

loid degeneration.  In  many  cases  even  very  large  goitres  give  rise  to 
but  moderate  inconvenience,  but  they  may  assume  great  significance  by 
encroaching  upon  neighboring  parts.  Thus  death  may  be  caused  by 
pressure  on  the  trachea,  oesophagus,  or  on  the  large  vessels.  For  lesions 
believed  to  be  characteristic  of  exophthalmic  goitre  see  page  432. 

TUMORS. 

Some  of  the  forms  of  goitre  above  described  may  be  regarded  as 
tumors  or  may  be  associated  with  tumors.  Sarcoma  and  endothelioma 
are  the  most  common  tumors  of  the  thyroid. 

Sarcoma,  either  spheroidal  or  spindle-celled,  may  occur  as  primary 
tumors  in  the  thyroid,  either  in  otherwise  normal  glands  or  in  connec- 

tion with  struma.^  Melano -sarcoma  has  been  observed.  Secondary 
sarcomata  are  rare. 

Primary  carcinoma,  both  glandular  and  scirrhous,  occurs  in  the  thy- 
roid, and,  particularly  in  the  softer  forms,  may  spread  to  adjacent  parts 

and  occasionally  form  distant  metastases.  Dermoid  cysts  are  of  occa- 
sional occurrence.^     Blood  cysts  are  frequently  found.' 

PARASITES. 

Echinococcus  cysts  have  been  found  in  the  thyroid. 

PARATHYROID  GLAIfDS. 

Closely  connected  with  the  thyroid,  occasionally  within,  sometimes  without  its 
capsule,  are  four  small  gland-like  bodies,  usually  two  on  each  side.  These  are  the 

parathyroids  (''epithelial  bodies")  and  are  apparently  in  some  way  associated  with 
the  thyroid  in  function.*     There  may  be  accessory  parathyroids. 

The  parathyroids  appear  to  be  of  great  importance  in  the  metabolism  of  the  body, 
since  their  complete  removal  apparently  usually  leads  to  fatal  tetany.  It  has  been 
shown  by  MacCallum  and  Voegtlin*  that  the  calcium  salts  of  the  bcniy  are  rapidly 
excreted  on  the  removal  of  the  parathyroids  in  dogs,  and  that  the  symptoms  of  tetany 
following  the  removal  cease  on  the  administration  of  calcium  salts.  It  is  inferred 
from  these  observations  that  the  parathyroids  control  the  calcium  metabolism  of  the 

body.  Berkeley  and  Beebe*  conclude  from  their  experiments  that  the  symptoms 
following  removal  of  the  thyroid  are  due  to  deranged  metabolism  giving  rise  to  some 
active  poison  and  not  to  the  abnormal  excretion  of  calcium. 

^  Consult  for  summary  of  observations  on  sarcoma  of  the  thyroid,  Morf^  Jour.  Am.  Med.  Ass'n, vol.  xxxii.,  p.  911,  1899,  bibl. 

*  For  a  risum^  of  mixed  tumors  of  the  thyroid  see  Leo  Loeb,  Am.  Jour.  Med.  Sci.,  voL  cxxv.,  P- 
24.3,  1903.    • 

*  For  a  study  of  hsemorrhagic  cysts  of  the  thyroid  see  Bradley,  Jour.  Exp.  Med.,  vol.  i.,  p.  -Wl. 1896. 

*For  a  study  of  the  parathyroids,  with  bibl.,  see  Thompaon,  Jour.  Med.  Res.,  vol.  xv.,  p  399, 
1906. 

'  MacCallum  and  Voegtlin,  Johns  Hopkins  Hoep.  Bull.,  xix.,  91,  1908,  and  Jour.  Exp.  Med.,  xu 
118,  1909. 

*  Berkeley  and  BeAe,  Jour.  Med.  Res.,  xx.,  149,  1909. 
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The  parathyroids  may  be  the  seat  of  tumors.'  Other  lesions  have  been  described, 
but  the  nature  and  pathology  of  these  organs  are  too  little  understood  to  permit  of 
further  consideration  of  them  here.' 

The  Adrenals.     (Suprarenal  Bodies,  Suprarenal  Capsules.) 
Halfomutlona. 

In  acephalic  and  other  monsters  the  adrenals  may  be  atrophied  or  entirely  absent. 

Sometimes  in  well-formed  adults  these  organs  cannot  be  discovered.  There  may  be 
little  rounded  nodules  loosely  attached  to  the  surface  of  the  adrenals  and  having  the 
same  structure.  Accessory  and  misplaced  adrenals  are  not  uncommon,  A  few  coses 

have  been  reported  of  accessory  adrenals  in  the  broad  ligament.'  They  may  be 
present  in  the  liver.' 

If  one  kidney  be  absent  or  in  an  abnormal  position  its  adrenal  usually  retains  its 

proper  position.' 

ATROPHY  AND  DEGEHERATIOIT. 

Atrophy  of  the  adrenals  may  be  extreme. 

Fat  Infiltration. — An  accumulation  of  fat  or  of  myelin  droplets*  in 
the  cortical  portion  is  the  rule  in  the  adult.     It  sometimes  occurs  in 

nodular  areas  (Fig.  309).     In  children  under  five  years  of  age  it  ia  patho- 
logical. 

Amyloid  degeneration  may  involve  both  the  cortical  and  medullary 

portions.  In  the  cortex  it  usually  involves  only  the  wails  of  the  blood- 

vessels; in  the  medulla  both  the  blood-vessels  and  the  cells  of  the  parcn- 

Bull,  vol.  ivi..  p.  87,  1B05;  also  Wdchtrlbaum,  Verh 

LnnUon.  Jour,  lletl. Rm,.  mi,,  i;(5 
1909. 

'  See  Warthin.  Ameii™i  Joura.l  of  ObsletriM,  vol.  xlii..  1 900.  bihi. 
'  Sw  A'oiia,  TtaM.  New  York  Path.  Soc..  18B9-1B00,  p. :  also  Bter.  ZelU.  f.  H ilkuDde— Abth. 

P*lh.  AnaL.  Bd.  »iv..  p.  .381.  1904. 

xandtr.  Zi(«ler-« 
*  For  B  ebidy  of  myelin  suhatsncn  in  tbe  BdretiHl  nee  Herrma 

Inst.,TObmgep 

Bd.T.,  p.  417,  190«. 
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chymn  may  undergo  this  degeneration.     The  organs  are  usually  linn 
and  have  a  grayish,  seraitransluccnt  appearance. 

Pigmentation  of  the  inner  cortical  zone  is  frequent  in  old  persons. 
Focal  necroses  may  occur  in  infections. 

THROMBOSIS  AflD  HvEHOR^AGE. 

Venous  and  capillary  thrombosis  may  occur. 
In  children,  soon  after  birth,  it  is  not  very  infrequent  to  find  large 

haemorrhages  in  one  of  the  adrenals,  converting  it  into  a  cyst  filled  with 

blood  (Fig.  310).     This  lesion  has  been  observed  in  a  few  cases  in  adults.' 

IHFLAHHATIOH. 

Suppurative  inflammation,  with  the  formation  of  abscesses,  has  been 
Been  in  a  few  cases. 

The  most  frequent  lesion  of  the  adrenals  is  tuberculous  inflammation. 
They  are  usually  increased  in  size;  their  surfaces  arc  smooth  or  nodular. 

FlO.   310.— HsUOHRHAaE   INTO   AND  ABOUT  THE  AdHEHAI.       (iDfuit.) 

The  normal  structure  of  the  gland  is  more  or  less  replaced  by  tubercle 
tissue,  which  usually  undergoes  cheesy  degeneration  and  may  soften. 
Fibrous  tissue  may  form  in  considerable  amount.  For  a  consideration 

of  the  relationship  of  lesions  of  the  adrenals  to  Addison's  disease  see  page 

433." Sjrphllltlc  inflammation,  with  and  without  the  development  of  guni- 
mata,  is  of  occasional  occurrcnce. 

.,  Bee  Abel,  toot- nole 
p,  434 

Fo 

r  B  (tudj'  0 
373 

IWW, 

trtMSialo 

263,  leOfl.  bibl. 
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TUMORS. 

Sarcoma,  glioma/  and  endothelioma  occur  in  the  adrenals. 

Neuroma. — Ganglionic  neuromata  have  been  described  by  Weichsel- 
baum  and  Freeman. 

Adenoma  of  the  adrenals,  resembling  in  type  the  structure  of  the 
cortex,  may  form  as  small  encapsulated  nodules  or  as  large  vascular 
tumors,  often  necrotic  and  haemorrhagic,  which  may  invade  the  neigh- 

boring vessels  and  form  metastases.  This  condition  has  been  called 

stroma  suprarenalis  lipomatosa.  The  so-called  fat  droplets  here,  as  in 
the  normal  suprarenal,  are  probably  myelin.  Some  of  the  so-called 
adenomata  of  the  kidney  are  adenomata  of  displaced  accessory  adrenals 
(see  p.  777). 

Carcinoma  is  not  common,  but  may  be  primary  or  secondary.^ 

The  Pituitary  Body.     (Hypophysis  Cerebri.) 

This  organ,  formed  like  the  adrenals,  of  epithelial  and  nerve  struc- 
tures, presents  three  sections:  1,  anteriorly,  a  series  of  epithelial  cells 

with  abundant  blood  vessels;  2,  an  intermediary  portion,  containing 
epithelial  cells  and  neuroglia  fibrils;  and  3,  a  posterior  portion  formed  of 
neuroglia  cells  and  fibres.  While  the  function  of  this  gland  is  not  known, 
it  has  been  found  that  extracts  of  the  intermediary  and  posterior  portions 

have  an  influence  on  blood  pressure  and  on  urinary  excretion.  Com- 
plete removal  of  the  gland  is  fatal. 

Hyperplasia  and  tumors  involving  the  gland  are  often  associated 
with  acromegaly  (see  p.  438). 

The  Carotid  Gland. 

This  is  a  small  ductless,  encapsulated  structure,  five  to  seven  milli- 
metres long,  lying  at  the  bifurcation  of  the  carotid  artery.  It  is  com- 

posed of  a  connective-tissue  framework  and  masses  of  polyhedral  cells 
grouped  w4th  tufts  of  blood  capillaries.  It  contains  many  nerves.  It 
is  believed  to  be  analogous  to  the  adrenals,  hypophysis  cerebri,  and 
coccygeal  gland.  The  carotid  gland  is  occasionally  the  point  of  origin 
of  lobulated  tumors.  These  have  been  called  angio-sarcoma,  endo- 

thelioma, perithelioma.' 
1  For  a  study  of  glioma  of  sympathetic  and  adrenal,  see  Schilder,  Frankfurter  Zeitschr.  f  Path., 

iii.,  317,  1909. 
*  For  bibliography  of  primary  malignant  tumors  of  the  adrenaU  see  Ramsay,  Johns  Hopkina 

Hospital  Bulletin,  vol.  x..  p.  20,  1S99. 
'  For  a  study  of  carotid  tumora  see  Keen  and  Funke,  Jour.  Amer.  Med.  As^n.,  vol.  xlvii.,  pp.  469 

and  588,  1906,  bibl. 



CHAPTER  V. 

THE  CIRCULATORY  SYSTEM. 

The  Pericardium. 

mjURIES. 
The  pericardium  may  be  injured  by  penetrating  weapons,  by  gunshot 

wounds,  and  by  fragments  of  bone.  It  may  be  ruptured  by  severe  con- 
tusions of  the  thorax,  and  by  rapid*  extravasation  of  blood  into  the 

pericardial  sac.  Perforations  may  occur  with  empyema,  mediastinal 
abscesses,  abscesses  of  the  chest  wall  and  of  the  liver,  or  in  connection 

with  aneurisms  of  the  aorta  and  suppurative  inflammation  of  the  peri- 
cardium. 

HEMORRHAGE.     (Haemopericardium.) 

Extravasations  of  blood  into  the  cavity  of  the  pericardium  may  follow 
wounds  and  rupture  of  the  heart,  rupture  of  the  aorta  and  of  aneurisms, 

and  may  occur  with  pericarditis  from  the  rupture  of  new-formed  blood- 
vessels. Small  extravasations  in  the  substance  of  the  pericardium  are 

found  with  scurvy,  purpura,  and  in  infectious  diseases. 

HYDROPERICARDIUM.     (Dropsy.) 

At  autopsies  a  few  hours  after  death  a  few  cubic  centimetres  of  clear, 

light-yellow  serum  are  usually  present  in  the  pericardial  sac.  If  decom- 
position have  commenced,  this  may  be  reddish,  or  it  may  be  slightly 

turbid  from  the  falling-off  of  the  pericardial  endothelium. 
Large  accumulations  of  clear  yellowish  serum  are  often  found  as  part 

of  general  dropsy  from  heart  disease,  kidney  disease,  etc.  The  amount 
is  sometimes  so  great  as  to  interfere  with  the  movement  and  nutrition  of 
the  heart. 

PNEUMOPERICARDIUM. 

Air  or  gas  in  the  pericardium  may  be  the  result  of  post-mortem 
decomposition  and  there  may  then  be  drying  of  portions  of  the  pericar- 

dium. Wounds  or  paracentesis  of  the  pericardium;  the  perforation  of 
ulcers  of  the  stomach,  cavities  of  the  lungs,  and  ulcers  of  the  oesophagus, 

or  subdiaphragmatic  abscess,  may  admit  air  into  the  pericardial  cavity.* 
In  purulent  pericarditis  with  foul,  decomposing  exudate,  gases  may  be 
evolved. 

INFLAMMATION.     (Pericarditis.) 

Pericarditis  is  rarely  primary,  but  is  usually  secondary  to  infectious 

diseases,  such  as  pneumonia,  pleurisy,  tuberculosis,  typhoid  fever,  endo- 
^  See  James,  Am.  Med.,  vol.  viii.,  p.  23,  1904. 
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canlitis,  and  pyspmia.  It  may  follow  injuries  and  is  frequently  associated 

with  rheumatism  or  inRammation  of  the  kidneys.  It  may  be  ex-udative 
or  productive  in  character. 

Exudative  Pericarditis. — It  is  convenient  to  distinguish  in  exudative 
pericarditis  n.  fibrinous,  a  sero-fibrinous,  and  a  purulent  form. 

Fibrinous  and  yEKo-FiBRiNous  Pericarditis, — In  the  earlier 
stapps  or  lighter  forms  of  fibrinous  pericarditis,  the  whole  surface  or 
portions  of  the  pericardium  may  be  dull  or  slightly  roughened  from  a 
dchcate  fibrinous  pelliclp,  more  or  less  hyperaemic.  and  often  studded  with 
minute  petochife.     Later,  if  the  exudate  accumulate,  the  entire  surface 

of  the  pericardium  may  be  covered  with  a  net-like  layer  of  thick  masses 
of  fibrin.  This  may  cover  both  the  visceral  and  parietal  surfaces  and 
is  often  beset  with  irregular  villosities  (Fig.  311).  Fibrinous  adhesions 
may  form  between  the  two  layers.  There  is  usually  some  .serous  fluid 
as  well  as  leucocytes  mingled  with  the  fibrin. 

Serum  may  accumulate  in  considerable  quantity — sero-fibrinous  peri- 
carditiit.  The  pericardial  sac  maybe  greatly  distended  with  this  form  of 
exudate  so  as  to  displace  the  heart  and  compress  the  larger  air  passages, 
the  crsophagus,  or  the  aorta. 
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PuRLLEXT  Pericarditis.— In  this  form  of  exudative  pericarditis 
there  are  usually  more  or  less  serum  and  fibrin  mingled  with  pus  cells  and 

often  red  blood  cells.  The  process  may  start  as  a  sero-fibrinoua  iDflam- 
mation,  It  is  apt  to  occur  as  an  extension  of  an  infectious  process  in  the 
ncighborhoo<l  or  as  a  part  of  a  general  pysemic  process.  Streptococcus 
pyogenes,  Diplocoecus  pneumonife,  Staphylococcus  pyogenes  aureus, 
and  the  tubercle  bacillus  are  the  bacteria  most  commonly  found  in 
exudative  pericarditis. 

Chronic  Pericarditis. — In  exudative  pericarditis  the  mesothelium' 
(endothelium)  in  the  early  stages,  and  later  this  with  the  underlying 
connective-tissue  cells  contributes  to  the  cellular  elements  in  the  exudate. 
In  recovery  the  exudates  degenerate  and  are  gradually  absorbed,  while 

from  the  blood-vessels  and  the  connective-tissue  cells  of  the  pericardium 
more  or  loss  new  fibrous  tissue  is  formed ,  at  first  very  cellular  and  vascular, 

later  dense  in  character.  There  may  finally  be  local  or  general  thicken- 
ings of  the  pericardium.  If  a  moderate  amount  of  new  fibrous  tissue 

is  formed  this  may  appear  as  thin,  white  patches  on  the  pericardium  sur- 
face, the  so-called  macula:  tettdinew.  The  new  fibrous  tissue  may  extend 

between  the  subpericardial  muscle  fibres  of  the  heart.  Calcification  of 

this  new-formed  fibrous  tissue  may  occur.  But  more  or  less  permanent 
adhesions  may  form  between  the  visceral  and  parietal  pericardium. 
These  may  be  in  the  form  of  delicate  fibrous  strings  (Fig.  312)  or  of 
larger  areas  of  firm  adhesion. 

Obliteration-  of  the  Per!<;ardi,ai,  Sac. — As  the  result  of  the  for- 

1  S..e  t^firem^e  W  Xfinol,  p.  ;t77. 
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mation  of  vascular  new  connective  tissue  between  the  pericardial  walls, 
the  sac  may  be  partially  or  wholly  obliterated  (Fig.  313). 

This  may  be  the  conclusion  of  an  acute  inflammatory  process  or  it 

may  result  from  the  organization  of  a  blood-clot  following  hjemorrhage 
into  the  sac.     It  may  occur  as  the  result  of  the  latter  process  early  in  life. 

Sl'PHA-ARTER^.^L  EpiCARDiAL  FiBRoiD  XoDULEs. — Small  fibrous  nod- 

ules are  occasionally  formed  along  the  branches  of  the  coronary  arter- 
ies, especially  on  the  surface  of  the  ventricles.  According  to  the  studies 

of  Knox'  they  are  frequently  associated  with  lesions  of  the  arteries,  lead- 
ing to  the  weakening  of  their  walls  at  these  situations. 

Tuberculous  Pericarditis. — This  lesion  may  occur  by  itself,  but  is  apt 
to  be  associated  with  other  tuberculous  inflammation  in  the  vicinitv  of 

aad  in  placpi  the  two  Inyera  bad  cooleseed.  obtiterating  Che  sHc. 

the  heart.  There  may  be  miliary  tubercles  scattered  diffusely,  or  limited 
lo  certain  regions  in  the  pericardium,  which  is  otherwise  little  changed. 
Not  infrequently,  however,  there  is  a  considerable  thickening  of  the  peri- 

cardium, either  visceral  or  parietal,  or  both. 
In  such  cases  the  new-formed  tissue  consists  of  fibrous  tissue  and  of 

tubercle  tissue  which  has  undergone  extensive  cheesy  degeneration  (Fig. 
314).  The  thickened  visceral  and  parietal  layers  of  the  pericardium  are 
often  more  or  less  grown  together,  so  that  the  pcricanlial  sac  may  l>e 
partially  or  almost  completely  obliterated.  An  inflammatory  exudate 

often  accompanies  the  tuberculous  process.^ 



ULATORY    SYSTEM 

Fibromata  are  sometimes  developed  in  the  pericardium.  They  are 
often  of  polypoid  form,  and  from  atrophy  of  the  pedicle  may  become 
free  in  the  pericardial  sac.  Lipoma  of  the  pericardium  has  been  de- 

scribed.    Endotheliomata  are  of  occasional  occurrence  aa  primary  tumors. 
Sarcomata  and  cardnomata  occur  as  secondary  growths  cither  from 

continuous  infiltration  or  as  metastatic  tumors.  Primary  sarcoma  of  the 

pericardium  has  been  described.' 

iheeay  deaenenitioQ.     The  tree— uppei^-aurfoce  is 

Cysts  of  the  visceral  pericardium  have  been  described.  The  writer 

has  seen  a  pedunculated  cyst,  containing  aboiit  C  c.c.  of  clear  fluid,  hang- 
ing into  the  pericardial  sac  from  its  attachment  near  the  pulmonary 

artery.     The  origin  of  such  cysts  is  obscure. 

The  Heart. 

HaUormations  and  MalpoBitions. 

Malform.vtions  of  the  Heaht. — The  malformations  of  the  heart  are  usually 
closely  aiwoclated  with  malformations  of  the  aorta  and  pulmonary  artery.  They 
depend  on  arrest  of.  or  abnormal,  development ;  on  emiocarditis.  myocarditis,  throm- 

bosis, or  mechanical  causes, 
I.  The  common  arterial  trunk  is  only  partially,  or  not  at  all,  separated  into  aorta 

and  pulmonary  artery.     The  divisions  between  the  heart  cavities  are  at  the  same  time 

'  Williamt.  N.  \.  ileJ.  Jour.,  vol.  \xxi..  p.  537.  1900,  bibl. 



THE    CIRCULATORY    SYSTEM  523 

defective,  bo  that  there  may  be  one  ventricle  and  no  auricles;  one  ventricle  and  one 

auricle — reptihan  heart  (Fig.  315);  or  one  ventricle  and  two  auricles. 
II.  The  trunk  of  the  pulmonary  artery  or  of  the  aorta  is  stenosed  or  obliterated, 

and  from  the  obstruction  to  the  current  of  blood  there  is  interference  with  the  develop- 
ment of  the  septa  between  the  heart  cavities. 

1.  The  aorta,  at  its  ori);in,  or  in  the  ascending  portion  of  the  arch,  is  stenosed  or 
closed.  The  pulmonaryarterygiveHoffthedcMending  aorta,  and  supplies  the  carotids 
and  subclavian^.  The  foramen  ovale  remains  open,  or  there  is  no  septum  between 
the  auricles.  The  ventricular  septum  is  also  usually  defective.  The  right  ventricle  is 

hype  rt  rophied . 
2.  The  pulmonary  artery  is  stenosed  or  closed  (Fig.  316}.  Its  branches  are  sup- 

plied by  the  aorta,  through  the  ductus  arteriosus.  The  ventricular  septum  is  defec- 
tive, the  foramen  ovale  is  open,  or  the  auricular  septum  defective. 

III.  The  malformation  affects  the  aorta  and  pulmonary  artery  after  they  a 
fully  developed. 

1 .  There  is  stenosis  of  the  aorta  between  the  left  subclavian  and  ductus  ai 

or  just  at  the  opening  of  the  ductus  arteriosus.     The  descending  aorta  is  then  a  con- 
tinuation of  the  pulmonary  artery, 

2.  The  aorta  gives  off  all  its  branches  from  the  arch,  but  the  descending  aorta  is  a 

continuation  of  the  pulmonary  artery;  or  the  carotid.<<  may  spring  from  the  aorta,  the 
aubclavians  from  the  pulmonary  artery. 

3.  The  vessels  are  transposed;  the  pulmonary  arlery  arises  from  the  left,  the  aorta 
from  the  right  ventricle;  the  pulmonary  veinu  empty  into  the  left,  the  venir  cavie  into 
the  right  auricle;  or  the  veins  also  may  l)e  transposed.     The  septa  are  defective. 

'  For  B  rleseriplion  of  thii  p^ise  sw  .Vort/irup,  Trnn?.  N.  Y.  Path.  Soc.,  188S,  p.  *1. 
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IV.  The  BortH  and  pulmonary  artery  are  normal,  but  the  cardiac  septa  are 
defectEve. 

1.  The  foramen  ovale  remains  partly  open.  This  condition  may  continue  throu|i 

life  without  ill  effects.  It  has  been  found  by  some  observers  in  about  one-fifth  of 
their  autop>»ies. 

2.  The  ductus  arterioaun  may  remain  open  tor  many  years;  this  also  may  cause  no 
disturbance. 

3.  There  is  a  small  or  lar^  openinK  in  the  ventricular  septum,  usually  in  its  upper 
part  (Fig.  317).  This  may  give  rise  to  no  symptoms,  unless  disease  of  the  heart  or 
lungK  be  superadded. 

v.   Either  of  the  a uriculo- ventricular  orifices  may  be  entirely  closed.     The  fora- 

is  open,  and  the  ventricular  septum  is  defective.' 

VI.  The  valves  of  the  different  orifices  of  the  heart  may  be  absent  or  defective. 
The  arterioM  or  the  ventriclcM  are  usually  defective  at  the  same  time. 

The  aortic  and  pulmonary  valves  may  consist  of  two  large  or  four  small  leaves, 
instead  of  the  usual  three. 

The  erlKcs  of  the  semilunar  valves  may  be  fenestrated.  This  alteration  is  usually 
of  no  siKniticance.  It  is  frequenl  in  the  aortic  anil  pulmonary  valves.  The  valves 
may  be  thinner  than  normal,  and  near  their  free  edges  are  small  shts  or  openings  (see 
Fig.  3!  XI. 

Generally  speaking,  the  oxi.Mence  of  ojienings  between  the  two  auricles  or  the  two 

'Conniilt  [»r  a^tudy  of  nire  fgnnr' u(  r:inlmF  anoniuUc».  r/cA-lain.  Am.  Jour.  Med.  Sti..  vol  lui-. 
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ventricles,  admitting  some  admixture  of  venous  and  arterial  blood,  prcwluces  do 
marked  chanfte  in  the  circulation.  If,  however,  the  pasMge  of  the  current  of  venoua 
blood  into  the  riftht  heart  is  in  any  way  interfered  with,  tlie  consequences  are  very 

Bcrioua.  Cyanosis  is  produced,  the  skin  is  of  a  bluish  color,  the  small  veins  and  capil- 
laries are  dilated,  exudation  of  serum  and  hypertrophyof  connective  tissue  take  place, 

especially  in  the  fingers  and  toes. 

There  may  be  absence  of  the  heart;  abnormal  septa  and  chorda  tenditie^ffi'  (Fig. 
319)  in  the  heart  cavities;  abnormal  shapes  of  the  heart.  Very  rarely  two  more  or 
less  perfect  hearts  are  found  in  the  same  thorax. 

Malpositions  of  the  Heart. — I.  There  is  a  smaller  or  larger  defect  in  the 
walls  of  the  thorax,  so  that  the  heart  projects  on  the  outside  of  the  chest;  the  pericar- 

dium is  usually  absent, 
2.  The  diaphragm  is  alisent,  and  the  heart  is  in  the  abdominal  cavity. 
3.  The  heart  is  in  aome  part  of  the  neck  or  head;  this  occurs  only  in  fcctuses  very 

much  malformed. 

4.  The  heart  is  transposed,  being  on  the  right  side. 

Abnormal  .Size  ok  the  Heart, — 1.  The  heart  may  be  abnormally  large  in  con- 
nection with  oljstructive  anomalies  of  the  great  vessels. 

>  For  a  study  of  Ihr.  arigin  of  uliDonim]  chorda!  (cnilinoe  in  the  heart  «rf  Taaara.  Zieglti's  Beitr.. 
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2.  The  heart  may  be  abnormally  small  (hypoplasia).  This  aboormality  is  apt  to 
be  associated  with  the  so-called  status  lymphaticus  (see  p.  439). 

Displacements  of  the  Heart.— Changes  in  the  position  of  the  heart  are  eoa- 
genital  or  acquired.     The  congeoilal  malpositions  have  already  been  mentioned. 

The  acquired  malpositions  may  be  associated  with: 
1.  Hypertrophy  of  the  heart;  its  long  aitis  approaching  the  horiiontsl  poeition. 
2.  Changes  In  the  thoracic  viscera.  Emphysema  of  both  lungs  may  push  the  heart 

downward.     Emphysema,  pleurisy  with  effusion,  or  pneumothorax  of  one  side  pushes 

Fia.  31S.— Fehuitb:1tioh  or  thb  SiuiLCWAa  VtLvu. 

the  heart  to  the  other  side.  Pleurisy  or  chronic  pneumonia,  producing  retraction  of 
one  aide  of  the  thoran,  draws  the  heart  to  that  side.  New  growths,  aneurisms,  and 
curvatures  of  the  spine  displace  the  heart  in  various  directions. 

3.  Changes  in  the  abdomen.  Accumulations  of  fluid  and  new  growths  in  tbe 
abdomen,  and  tympanites,  may  push  the  heart  upward. 

WODHDS  Ain>  RUPTURES. 

Wounds  of  the  heart  are  most  frequently  made  by  penetrating  instru- 
ments, by  bullets,  and  by  fragments  of  bone.  The  right  ventricle  is  the 

more  frequently  wounded  (Fig.  320);  next  the  left;  rarely  the  auricles. 
The  wound  may  penetrate  into  the  cavities  of  the  heart  or  pass  only  partly 
through  its  wall,  or  a  bullet  or  the  broken  end  of  a  weapon  may  be 
embedded  in  the  wall.  If  the  wound  penetrate  a  cavity  and  be  gaping, 
death  may  follow  instantly  and  the  pericardium  be  found  filled  with 

blood.  If  the  wound  be  small  and  oblique,  the  blood  may  escape  grad- 
ually and  death  may  not  ensue  for  several  days.  In  rare  cases  adhesions 

are  formed  with  the  pericardium  and  the  wound  cicatrizes.  Wounds 
which  do  not  penetrate  may  cause  death  by  the  inflammation  which  they 
excite,  or  they  may  cicatrize. 

Bullets  and  foreign  bodies  may  become  encapsulated  in  the  heart  wall 
and  remain  so  for  years. 

Rupture  of  the  heart  wall  occurs  in  various  ways: 
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1.  Severe  contusions  of  the  thorax  may  produce  rupture,  usually  of 
one  of  the  auricles.' 

2.  Spontaneous  rupture  occur.-}  usually  in  advance<l  life.  Rupture 
is  most  frequent  in  the  left  ventricle,  and,  in  a  considerable  proportion  of 
cases,  near  the  apex.  There  is  usually  one  rupture,  but  sometimes  there 
are  more.  The  rupture  is  usually  oblique  and  larger  internally  than 
externally.     The  heart  wall,  near  the  seat  of  rupture,  may  be  infiltrated 

Theae  unila  to  fonn  a  slender  band  ilretchms  ocrom  the  cavity  of  the  ventrkto. 

with  blood,  or  blood  may  infiltrate  the  subperi cardial  fat.  The  heart 
wall  may  be  of  normal  thickness,  or  thin;  it  is  usually  soft  and  in  a  con- 

dition of  fatty  infiltration  or  degeneration.  The  rupture  very  frequently 
takes  place  when  the  patient  is  quiet.  Death  may  be  almost  instan- 

taneous or  may  not  ensue  for  several  hours. 
Fatty  degeneration  leading  to  rupture  of  the  heart  may  be  general,  or 

It  is  frequently  circumscribed  and  due  to  obliterating  endarteritis,  ather- 

i.  ISe9.     Also  HamiUon.  Phila.  Med. 
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oma,  thrombosis,  or  embolus  of  one  of  the  coronary  arteries,  whereby  a 
portion  of  the  heart  wall  is  deprived  of  nourishment  and  degenerates.  Or 
rupture  of  a  branch  of  one  of  the  coronary  arteries  may  induce  rupture 
of  the  heart  wall.     Acute  and  chronic  myocarditis,  with  or  without  the 

formation  of  abscess  or  cardiac  aneurism,  or  the  presence  of  tumors  in 

the  heart  wall,  or  hydatids,  may  lead  to  rupture.' 
3.  In  rare  cases  rupture  is  associated  with  stenosis  of  the  aorta  and 

dilatation  of  the  heart  cavities. 

4.  Rupture  of  the  papillary  muscl<;s  and  tendons  may  be  due  to  fatty 
degeneration  or  inflammatory  or  ulcerative  processes. 

ATROPHY. 

Atrophy  of  the  walls  of  the  heart  may  be  accompanied  with  no  change 

in  the  size  of  its  cavities;  or  with  dilatation  ("passive  dilatation");  or, 
more  frequently,  with  diminution  in  the  size  of  the  cavities. 

The  atrophy  involves  most  frecjuently  all  the  cavities  of  the  heart, 
but  may  be  confined  to  one  or  more  of  thera. 

I  Consult  CofJii-ilmaTi.  "  On  Sudden  Dcnths  duo  to  the  Heart."  Boston  Med.  vnA  Surg.  Jour.,  Xov. 
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The  muscular  tissue  appears  normal,  or  may  be  brown  from   the 
presence  of  little  granules  of  pigment  in  the  muscle  fibres,  which  are  some- 

times present  in  large  numbers — brown  atrophy;  or  the  muscle  fibres  may 
undergo  fatty  degeneration;  or  there  may  be  an  abnormal  accumulation 
of  fat  beneath  the  pericardium; 
or  there  may  be  a  peculiar  gela- 

tinous material  beneath  the  peri- 
cardium—this    consists    of     fat 

which  has  undergone  mucous  de- 
generation.    The  heart  may  be  so 

much  atrophied  as  to  weigh  only 
four  ounces. 

Atrophy  of  the  heart  may  be 
congenital;  it  may  be  associated       :::; 
with    repeated    hieniorrhages    or         ̂  
wasting  diseases,  or  senility,  with         11 
chronic  pericarditis,  with  effusion, 
with  obstructive  lesions  of  the  coro- 

nary arteries,  with  chronic  myo- 
carditis, or  with  mitral  stenosis. 

Atrophy  of  the  pericardial  fat         'p^^  ̂  you^^^iMn'il'aii""/ ™rTbotnarf''thB tissue   not    infrequently    occurs   in         elomach  and  p*riloneum.     stained  withoamic  acid 

persons  emaciated  by  chronic  dis-      ""   "^^   ' 
ease,  and  then  the   usual   situa- 

tions of  the  fat  arc  occupied  by  a  tissue  resembling  mucous  tissue  in  its 
gross  characters.     Microscopical  examination  shows  that  in  this  atrophic 
fat  the  fat  cells  have  largely  lost  their  contents,  and  the  whole  tissue 

has  undergone  a  partial  revei-sion  to  its  embryonic  form  (sec  Fig.  321). 

AITEURISH  OF  THE  HEART  AHD  VALVES. 

AneuTiBm  of  the  Heart. — Sacs  filled  with  blood,  situated  in  the  walla 
of  the  heart  and  communicating  with  its  cavities,  are  formed  in  several 
different  ways: 

1.  In  interstitial  myocarditis  a  small  or  large  portion  of  the  wall  may 
be  replaced  by  fibrous  tissue,  and  this,  yielding  to  the  pressure  of  the 
blood  from  within,  may  be  pressed  outward.  Such  a  pouch  may  be  a 

circumscribed  sac  communicating  with  the  heart  cavity  by  a  small  open- 
ing, or  may  be  a  simple  dilatation  of  part  of  the  ventricle.  The  wall  of 

such  an  aneurism  becomes  thinner  as  the  sae  increases  in  size.  It  is  com- 
posed of  the  endocardium,  new  fibrous  tissue,  visceral  pericardium,  and 

sometimes  the  adherent  parietal  pericardium.  The  walls  may  calcify,  or 

rarely  they  become  so  thin  as  to  rupture  externally  or  into  the  right  ven- 
tricle.    The  sacs  may  contain  fluid  blood  or  be  filled  with  fibrin. 

Such  aneurisms  are  usually  situated  in  the  wall  of  the  left  ventricle; 
rarely  in  that  of  the  left  auricle.  If  they  are  in  the  septum  they  may 
project  into  the  right  ventricle  or  auricle  (Fig.  322).  They  are  usually 
single,  but  sometimes  two  or  three  are  found  in  the  same  heart. 
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2.  Fatty  degeneration  of  the  heart  wall  may  reach  sueh  a  degree  that 
the  wall  yields  and  is  pouched  out  into  an  aneurismal  sac. 

3.  Endocarditis  and  myocarditis,  or  fatty  degeneration,  may  so  soften 
a  portion  of  the  heart  wall  that  the  endocardium  and  part  of  the  muscular 
tissue  arc  ruptured  and  a  ra|tged  cavity  is  formed.     This  form  of  aneu- 

rism usually  does  not  attain  a  large  size,  but  soon  ruptures  externally 
and  causes  the  death  of  the  patient. 

Small  aneurisms  of  the  sinus  of  Valsalva  are  of  occasional  occurrence. 

Aneurisms  of  the  Valves. — These  are  formed  in  two  ways: 
1.  They  are  the  result  of  endocarditis.  One  of  the  lamellse  of  the 

leaf  of  a  valve  is  destroyed,  and  the  other  lamella  is  converted  into  a  sac 

filled  with  blood.  These  aneurisms  are  found  in  the  aortic  valve,  pro- 
jecting into  the  ventricle,  and  in  the  mitral  valve,  projecting  into  the 

auricle.  Not  infrequently  the  wall  of  the  aneurism  gives  way,  so  that 
there  is  a  rupture  entirely  through  the  valve. 

2.  The  entire  thickness  of  a  leaf  of  a  valve  is  pouched,  forming  a  sac 
filled  with  blood.     This  occurs  in  the  aortic,  mitral,  and  tricuspid  valves. 



THE    CIRCULATORY    SYSTEM 

THROMBOSIS  OF  THE  HEART. 

It  is  common  to  find  after  death,  in  the  heart  cavities,  yellow,  succu- 
lent, semi  translucent  masses.  They  are  most  common  and  of  firmest 

texture  in  persons  who  die  of  acute  inflammatory  diseases.  They  may 
adhere  quite  firmly  to  the  walls  of  the  heart  and  may  extend  in  long, 
branching  cords  into  the  vessels.  They  are  formed  in  the  last  hours 
of  life  and  just  after  death.  They  are  not  of  clinical  or  pathological 
importance.  It  is,  however,  often  difficult  to  determine  to  what  extent 

such  clots  have  been  formed  during  life,  for  these  so-called  "agonal" 
clots  may  be  continuous  with  those  formed  some  time  before  death  as 
well  as  with  those  formed  after  life  has  become  extinct. 

Coagula  of  the  fibrin  of  the  blood  in  the  heart  form  during  life,  and 
may  exist  for  years.  If  the  fibrin  adheres  to  the  valves  in  small  masses 
these  are  called  vegetations;  if  it  coagulates  in  the  heart  cavities  in  larger 
bodies  they  are  called  thrombi  or  heart  polypi. 

Such  thrombi  are  found  in  all  the  heart  cavities.  They  form  flattened 
masses  firmly  adherent  to  the  endocardium;  or  rounded  bodies  in  the 
spaces  between  the  trabeculfe;  or  have  a  polypoid  shape  and  are  attached 
by  a  narrow  pedicle  (Figs.  323  and  324) ;  or  very  rarely  are  globular  and 
free  in  the  cavity  of  the  auricle  (Fig.  325).  Cardiac  thrombi  are  most 
frequent  in  the  auricular  appendages  and  between  the  columrue  carnese 
near  the  apices  of  the  ventricles.     (See  Fig.  32(i.) 
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They  are  usually  found  in  connection  with  some  valvular  lesion  (Fig. 
327),  which  involves  a  roughening  of  the  surface,  or  prevents  the  free 

circulation  of  blood  through  the  heart.' 
Old  cardiac  thrombi  are  firm,  dry,  and  of  a  whitish  color;  they  may 

soften  and  break  down  at  their  centrea,  so  as  to  look  like  cysts  filled 
with  pus,  or  they  may  calcify.  They  are  usually  entirely  unorganized, 
consisting  simply  of  fibrin,  but  may  become  organized. 

Cases  are  reported  of  organized  thrombi  in  the  auricles,  the  seat  of 
tuberculous  inflammation.^ 

Sometimes  sarcomatous  and  carcinomatous  tumors  in  different  parts 
of  the  body  are  accompanied  by  the  formation  of  thrombi  in  the  heart 
cavities,  which  are  composed  partly  of  coagulated  blootl,  partly  of  tissue 
like  that  of  the  primary  tumor. 

f  Martin  Dnd  Hrnnir,  LnnnM,  1HV9,  ii..  p.  7S2.     See  aliia r  a  alqrfy  of ™r^ilir  Ihron 

.\llbuti'»-W 
VMrro  of  Med 
1.  r.  Bilk..  Bd. 
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DEGENERATION. 

Albuminous  Degeneration.  (Parenchymatous  Degeneration.) — This 
lesion  frequently  occurs  in  diphtheria,'  typhoid  and  typhus  fever,  pysemia, 
erysipelas,  and  other  infectious  diseases,  as  a  result  of  burns,  and  under 
a  variety  of  other  conditions.  It  is  characterized  by  the  presence  in  the 
muscle  fibres  of  the  heart  of  greater  or  less  numbers  of  albuminous  gran- 

ules of  various  sizes,  most  of  them  very  ̂ mall.     They  are  not  as  refractile 

as  fat  droplets,  and  are  insoluble  in  ether,  while  swelling  up  and  becom- 
ing almost  invisible  under  the  influence  of  acetic  acid.  Sometimes 

they  are  so  abundant  as  to  conceal  the  striations  of  the  fibres.  The 
degeneration  is  usually  quite  uniformly  diffused  through  the  heart,  whose 
walls  are  softer  than  normal  and  of  a  grayish  color.  This  lesion  may  be 
associated  with  or  followed  by  fatty  degeneration. 
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Fatty  Degeneration  of  the  Heart  Huscle.^Thio  consists  in  the  trans- 
formation of  portions  of  the  muscle  fibres  of  the  heart  into  fat  or  closely 

allied  substances,'  which  collect  in  the  fibres  in  larger  and  smaller  drop- 
lets, sometimes  few  in  number,  sometimes  so  abundant  as  almost  entirely 

to  replace  or  conceal  the  normal  striations  (Fig.  328).  These  droplets 
are  soluble  in  ether,  and  remain  unchanged  on  treatment  with  acetic 
acid.  This  degeneration  is  sometimes  quite  universal,  but  is  more  apt 
to  occur  in  patches,  giving  the  heart  mu.scle  a  mottled   appearance. 

This  mottling  may  usually  be  best  stu'n  on  the  papillary  muscles.  The 
degenerated  areas  have  a  pale  yellowish  color,  and  the  muscle  tissue  is 

soft  and  flabby;  but  when  moderate  or  slight  in  degree  the  gross  appear- 

ance may  be  little  changed,  and  the  microscopical  examination  be  neces- 
sary for  its  determination.     This  degeneration  may  lead  to  thinning  of 
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the  walls,  or  to  rupture  of  the  heart,  or  to  inability  to  fulfil  its  functions. 
It  is  not  infrequently  the  cause  of  sudden  death. 

Fatty  degeneration  may  be  secondary  to  hypertrophy  of  the  heart,  to 
inflammation  of  the  heart  muscle,  or  to  pericarditis;  to  disturbances  of 
the  circulation  of  the  coronary  arteries  by  inflammation,  atheroma,  etc. 
It  may  be  due  to  deteriorated  condi- 

tions  of   the  blood  in  wasting  dis- 
eases,  excessive    hemorrhages,   ex- 

hausting fevers,   leukfcmia,  etc.,  to 

poisoning  with  phosphorus  and   ar- 
senic, and  to  the  toxins  of  microbic 

origin   developed   in  infectious  dis- 
eases, such  as  diphtheria,  scarlatina, 

typhoid  fever,  etc'     It  may  occur 
in     otherwise     apparently    healthy 

persons. 
Fatty  Degeneration  of  the  Endo- 

cardium.^It  is  not  uncommon  to 
find,  especially  in  elderly  persons, 
fatty     degeneration     occurring     in 

patches,  especially  on  the  valves,  but       ̂ AoVuhYn^Jem""'  THrM^AL""  J"" also  on  the  general  endocardium.     It 

may  also  occur  in  ill-nourished  and  ana>mic  individuals.     Small,  or  even 
considerable,  areas  of  fatty  degeneration  appear,  as  a  rule,  to  be  of  little  or 
no  clinical  significance.     They  are  at  least  not  inconsistent  with  perfect 

health.     In  these  areas  of  fatty  degeneration  the  connective-tissue  cells 
are  more  or  less  completely  filled  with  larger  and  smaller  fat  droplets. 

Amyloid  degeneration  of  the  endocanlium  or  the  walls  of  the  blood- 
vessels  and   intermuscular  con- 

nective-tissue   septa    is    a    not 
very  infrequent,  but  usually  not 
very  important,  lesion. 

Hyaline  degeneration  some- 
times occurs  in  the  blood-vessels 

and  in  the  muscle  fibres. 

There  may  be  calcification  of 
the  products  of  inflammation  in 

pericarditis,  or  of  connective- 
tissue  membranes  in  chronic 

pericarditis;  In  the  latter  case 
Fio.328.—FATrT  Deoeneratioh  OF  He*bt, Muscle.       jj^p    Jjp^p^    jj,j,y    )^p    more  Or  less 

enclosed  by  a  calcareous  shell. 
The  muscle  fibres  of  the  heart  wall  may,  though  rarely,  become  densely 
infiltrated  with  salts  of  lime. 

Fatty  Infiltration. — This  lesion,  which  should  be  clearly  distinguisheil 
from  fatty  degeneration,  consists  of  an  unusual  accumulation  of  fat 
about  the  heart  and  between  its  muscle  fibres. 

1  Conault  Fleinrr.  Johiu  Hoiikins  Hosp.  Bull.,  vol.  v..  p.  26.  1804. 
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The  subpericardial  fat,  which  may  be  present  in  considerable  quantity 
under  normal  conditions,  may  be  so  greatly  increased  in  amount  as  to 
form  a  thick  envelope  enclosing  nearly  the  entire  organ.  Sometimes  the 
accumulation  of  fat  extends  into  the  walls  of  the  heart,  between  the 
muscles,  causing  atrophy  of  the  latter,  frequently  to  a  very  great  extent 

(Fig.  329),  80  that  the  function  of  the  heart  is  seriously  interfered  with. 
This  occurs  sometimes  in  general  obesity,  or  as  a  result  of  chronic  peri- 

carditis, or  in  drunkards,  or  in  debilitated  or  old  persons. 

SEGHEnTATIOn  AND  FRAGMEHTATIOH  of  the  BfYOCARDIDH. 

Attention  has  been  called  by  a  number  of  observers  to  a  condition  of 

the  heart  muscle  sometimes  observed,  it  is  said,  in  acute  infectious  dis- 
eases, in  acute  and  chronic  diseases  of  the  central  nervous  system,  and 

in  sudden  death  from  a  variety  of  causes.  The  muscle  tissue  is  soft, 
friable,  opaque,  and  often  yellowish.  Examination  shows  a  loosening  of 
the  muscle  cells  from  one  another,  as  if  by  some  change  in  the  cement 

sub8tance^se(/nMrji(o(ion— or  the  fibres  may  be  broken  across — fragmen- 
tation. The  significance  of  this  alteration  is  not  yet  fully  established,  for 

though  in  some  eases  it  is  associated  with  degeneration  and  other  changes 
in  the  heart  muscle,  in  others  these  are  not  present  and  the  alteration 

may  be  agonal,  or  it  may  in  some  instances  be  due  to  post-mortem 

changes.' 
'CoMult  Hfklnrn,  Am.  Jour.  Med.  Sci.,  vol.  citiv.,  p.  555.  1897,  bibl.;  MacCaUum,  Jour.  Eip. 
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LESIONS  OF  THE  CORONARY  ARTERIES. 

Lesions  of  the  Coronary  Arteries  in  Acute  Infections. — It  has  recently 
been  shown  that  in  acute  infectious  diseases,  typhoid  fever,  diphtheria, 
influenza,  scarlatina,  pyaemia,  and  others,  the  media  and  the  intima  of 
the  coronary  arteries  may  be  involved  in  necrotic  and  hyperplastic 
processes  which  are  apparently  of  great  significance  in  leading  to  certain 
forms  of  sclerosis  of  these  vessels. 

The  coronary  arteries  may  show,  on  gross  examination,  in  both  larger 

and  smaller  trunks,  circumscribed,  yellowish  w^hite,  elevated  spots,  from 
2  to  6  mm.  in  diameter,  or  small  dull  white  depressions  of  the  intima. 
These  lesions  seem  to  begin  as  a  localized  serous  infiltration  in  the  media 
which  undergoes  necrosis.  At  a  later  period,  after  recovery  from  the 

acute  disease,  fibrous  tissue  may  form  in  the  media  and  intima,  some- 
times associated  with  calcification.  Thus  a  patchy  form  of  arterio- 

sclerosis may  be  developed.^ 

SCLEROSIS  AND  THROMBOSIS. 

Obliterating  Endarteritis — Sclerosis — of  the  coronaries,  which  occurs 
frequently,  is  of  great  significance,  since  diminished  nutrition  of  the  heart 
wall  may  lead  to  local  anaemia,  degeneration  of  the  muscle,  fibrous 
hyperplasia  or  aneurism,  etc.;  but  the  formation  of  thrombi  increases  the 
gravity  of  the  lesion.  Thrombosis  most  commonly  occurs  in  connection 
with  degenerative  or  inflammatory  processes  in  the  coronary  arteries.  It 
may,  however,  be  associated  with  occlusion  of  the  coronary  arteries  at 
their  orifices  either  through  inflammation  of  the  aorta  in  this  region  or  by 
vegetations  or  clots  on  the  aortic  valves. 

The  blocking  of  one  main  trunk  of  the  coronary  arteries  by  a  throm- 
bus may  cause  death,  but  this  is  not  alw^ays  the  case. 
When  through  obliterating  endarteritis,  thrombosis,  or  embolus  of 

a  branch  of  the  coronary  arteries,^  the  blood  supply  is  cut  off  from  a 
circumscribed  portion  of  the  heart  wall,  the  tissue  in  the  affected  area 

may  undergo  fatty  degeneration,  leading  to  rupture.'*  Or,  instead  of 
extensive  fatty  degeneration,  the  cutting  off  of  the  blood  supply  from 

a  limited  region  may  result  in  necrosis — white  infarction.  These  areas, 
grayish  in  color,  often  slightly  projecting  from  the  surface,  are  fre- 

quently surrounded  by  a  red  zone  of  hyperaemia.     The  nuclei  of  muscle 

^  For  a  study  of  this  lesion  of  the  coronary  arteries  see  Wiesel,  Wiener  klin.  Woehenschr.,  1906, 
p.  723;  and  Zeits.  f.  Heilkunde,  Abt.  f.  path.  Anat.,  Bd.  xxvii.,  p.  262,  1906;  also  Wiesner,  Wien.  klin. 
Woch..  1906,  p.  725. 

'  According  to  Sternberg,  the  right  coronary  artery  supplies  the  following  regions  of  the  heart: 
most  of  the  right  auricle:  the  posterior  part  and  most  of  the  anterior  part  of  the  right  ventricle;  most 
of  the  interauricular  and  interventricular  septa;  the  posterior  part  of  the  left  ventricle  and  the  posterior 
papillary  muscles.     The  remainder  of  the  heart  is  supplied  by  the  left  coronary  artery. 

While  there  are  superficial  anastomoses  between  the  larger  trunks  of  the  coronary  arteries,  their 
branches  do  not  communicate  after  they  enter  the  heart  muscle.  For  a  study  of  coronary  arteries 

see  the  monograph  of  Jamin  and  Merkel,  "Die  Koronararterien  des  menschl.  Herzens,"  1907. 
•  Through  the  Thebesian  vessels  sufficient  nutriment  may  reach  the  myocardium  to  maintain 

the  muscle  for  a  time,  even  with  considerable  lesion  of  the  coronarj'  arteries  See  Pralt,  American 
Journal  of  Physiology,  vol.  i,,  p.  86,  1898.  Also  Baumgarlen,  ibid.,  vol.  ii.,  p.  243,  1899.  For  a  study 
of  the  results  of  occlusion  of  one  or  more  of  the  coronary  arteries  see  Porter,  Jour,  of  Physiol.,  vol.  xv., 
p.  121,  1898;  also  Jour.  Exp.  Med.,  vol.  i.,  p.  46,  1896. 
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and  fibrous  tissue  fail  to  stain,  the  muscle  cells  become  necrotic,  lose 
their  striation  and  degenerate,  and  may  be  absorbed  or  gradually 
replaced  by  fibrous  tissue.  When  larger  areas  are  involved,  the  muscle 
fibres  may  break  down  into  a  granular  detritus  and  the  connective  tissue 
about  them  suffer  degeneration  or  necrosis,  so  that  the  whole  affected 
area  may  be  soft  and  yellowish  white  or  grayish  in  color.  If,  as  not 
infrequently  occurs,  there  is  considerable  extravasation  of  blood,  the 

degenerated  area  may  be  of  a  dark  red  color.  ̂   Under  these  conditions 
the  heart  wall  may  rupture,  or  acute  inflammatory  processes  may  occur, 
or  the  degenerated  muscle  tissue  may  be  gradually  absorbed  and  replaced 
by  granulation  tissue  formed  from  the  surrounding  fibrous  tissue  and 

blood-vessels.  This  gradually  grows  dense,  shrinks,  and  assumes  the 
characters  of  cicatricial  tissue. 

This  may  occur  in  any  part  of  the  heart  wall  or  in  the  papillary 
muscles,  but  is  most  common  in  the  region  supplied  by  the  left  coro- 

nary artery;  that  is,  in  the  interventricular  septum  and  the  anterior  wall 
of  the  left  ventricle  near  the  apex.  Thrombosis  of  the  coronary  arteries 
is  more  frequent  than  embolism  and  more  commonly  leads  to  infarction. 

When  the  heart  wall  is  involved  the  new-formed  connective  tissue  may 
yield  to  the  blood  pressure  from  within  and  aneurism  of  the  heart  be 
formed. 

Impaired  nutrition  of  a  portion  of  the  heart  wall  as  the  result  of 
narrowing  or  obliteration  of  the  coronary  arteries  or  their  branches, 
whether  it  lead  to  such  extreme  lesions  as  those  just  described,  or  to 
fatty  degeneration,  or  to  atrophy  of  the  muscle  cells  with  a  production  of 
new  connective  tissue,  is  of  great  significance,  and  it  may  be  the  domi- 

nant factor  in  many  cases  of  sudden  death. 

Embolism  of  the  coronary  arteries  is  much  less  common  than  thrombo- 
sis and  may  be  followed  by  similar  lesions  of  the  myocardium.  Infective 

emboli  are  frequent  excitants  of  suppurative  lesions  of  the  myocardium. 

INFLAMMATION. 

Myocarditis. — The  inflammatory  changes  in  the  walls  of  the  heart 
involve  primarily  the  interstitial  tissue  and  blood-vessels,  the  muscle 
fibres  being  secondarily  affected  by  atrophic  and  degenerative  changes. 

Interstitial  myocarditis  may  be  acute  and  suppurative,  or  chronic 
with  the  formation  of  new  connective  tissue. 

Acute  suppurative  myocarditis  may  be  diffuse,  infiltrating  the  wall  of 
the  heart  with  pus.  This  may  occur  as  a  complication  of  infectious 

diseases,  such  as  scarlatina,  diphtheria,  typhoid  fever,  gonorrhoea,^  or 
may  be  associated  with  ulcerative  endocarditis.^ 

More  frequently  the  suppurative  inflammation  is  circumscribed, 
resulting  in  abscesses.     These  occur  with  pyaemia,  mycotic  ulcerative 

*  This  condition  of  the  heart  is  often  called  "myomalacia." 
2  For  a  consideration  of  gonorrhcpal  myocarditis  consult  Councilman,  Am.  Jour.  Med.  Sci.,  vol 

cvi.,  p.  277,  1893. 

'  For  a  special  study  of  this  mode  of  origin  see  Josserand  and  Bonnet,  Arch,  de  m6d.  exp.  et  d. 
Path,  anat.,  t.  xi.,  p.  570,  1899. 
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endocarditis,  and  other  infectious  diseases.  They  are  of  different  sizes 
and  either  single  or  multiple.  They  are  produced  by  the  lodgment  of 
infectious  emboli  in  small  vessels.  There  is  at  first  necrosis  of  the  muscle 

fibres  near  the  bacterial  mass  (Fig,  330),  followed  by  local  suppuration 
and  the  formation  of  abscess.  The  contents  of  the  abscesses  consist 

of  pus,  broken-down  muscle  tissue,  and  bacteria.  These  abscesses  may 
open  into  the  pericardial  sac  and  set  up  a  purulent  pericarditis;  or  into 
a  heart  cavity,  giving  rise  to  thrombi  in  the  heart  and  infective  emboli 
in  different  parts  of  the  body;  or  the  wall  of  the  heart  is  weakened  by  the 
abscess  so  that  it  ruptures,  or  an  aneurismal  sac  is  formed;  or  an  abscess 
in  the  interventricular  septum  may  establish  an  opening  between  the 
ventricles;  or  the  suppurative  process  may  extend  upward  and  form  an 

Tbe  bucteria  have  multipl>«l  since  lodgment  in  thp  Bmall  vs»el,  no  that  the  utter  is  widely  dig- 

abscess  in  the  connective  tissue  at  the  base  of  the  heart.  Streptococcus 
and  Staphylococcus  pyogenes  are  the  most  common  excitants. 

In  rare  cases  the  patients  recover,  the  contents  of  the  abscesses 
become  dry  and  hard  and  enclosed  by  a  wall  of  fibrous  tissue,  or  the  con- 

tents may  be  absorbed  and  the  whole  replaced  by  fibrous  tissue.' 
Chronic  interstitial  myocarditis  may  be  associated  with  chronic  peri- 

carditis or  endocarditis;  it  may  be  secondary  to  damage  to  the  muscle 
by  bacterial  or  other  toxins,  but  in  a  large  proportion  of  cases  it  occurs  in 
connection  with  lesions  of  the  coronary  arteries. 

Lesions  of  the  coronary  arteries  which  interfere  with  the  blood  supply 
of  the  heart  muscle,  such  as  obliterating  endarteritis  with  or  without 
thrombosis  or  embolism,  may  lead  to  degeneration  or  necrosis  of  the 
muscle  and  to  a  new  formation  of  fibrous  tissue  which  is  in  reality  a 
replacement  hyperplasia.  Thus  either  in  small  foci  or  over  more  diffuse 
areas,  patches  of  fibrous  tissue  may  be  formed  as  the  muscle  disappears 
(Figs.  330  and  331). 

If  the  occlusion  of  the  coronaries  has  led  to  infarctions  of  the  heart, 

1  For  study  of  experimental  mxornnlitis.  F/nVAcr  and  Locb.  Arch.  Int.  Med.  ilL.  7S,  1909. 
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then  also,  as  we  have  seen  above,  new  fibrous  tissue  may  form,  replacing 
the  muscle. 

Local  degenerative  processes  and  necrosis  in  the  muscle  tissue  of  the 

I.  331.— Chronic  IsTKiisTn 

heart  may  be  associated  with  acute  infectious  diseases,  especially  with 
diphtheria,  typhoid  fever,  and  scarlatina.  In  such  areas  of  damaged 
muscle  new  connective  tissue  may  form.     This  is  at  first  cellular,  later 

Fin.  :«a.— Chronic 

dense  anti  cicatricial  in  character.  As  the  result  of  this  replacement 
hyperplasia,  patches  of  fibrous  tissue  may  be  scattered  through  the 
myocardium,     yimilar  lesions  may  be  induced  experimentally  in  animals 
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by  the  injection  of  bacterial  toxins,'  Calcification  of  the  muscle  fibres 
has  been  observeti  in  connection  with  the  degenerative  procewHes  clue  to 
the  action  of  toxins.* 

Chronic  interstitial  myocarditis,  whether  difTuae  or  focal,  leads  to  a 

weakening  of  the  heart  wall.  This  may  be  slight  or  excessive.  Hyper- 
trophy of  the  muscle  may  follow  or  be  associated  with  it;  degeneration 

of  the  remaining  muscle  may  occur;  or  the  heart  wall  may  yield  to  the 
internal  pressure  and  pouch,  forming  aneurism  of  the  heart.     Thrombi 

may  under  these  conditions  form  in  the  dilated  cavities.  Lack  of 

rhythm  Jn  the  heart-beats  or  cardiac  pain — -angina  pectoris — may  result 
from  myocarditis. 

It  is  believed  by  most  modern  observers  that  the  new  connective 
tissue  which  develops  in  the  heart  in  connection  with  atrophy  of  the 
muscle  fibres,  as  a  result  of  impaired  nutrition  due  to  a  narrowing  of  the 
lumen  of  the  coronary  arteries  or  due  to  other  causes,  is  not  in  the  stricter 
sense  inflammatory  in  its  nature,  but  is  rather  a  fibrous  hyperplasia, 
the  ne\v-forme<i  connective  tissue  forming  secondarily,  to  replace  the 
muscle    fibres   which    have   atrophied.     Nevertheless   we   still  for  con- 

'  FUxntT.  Johiw  Hopkins  Hrup.  Hpd-.  vol-  vi..  p.  250.  1S97. 
DegenFmllon  of  musrlp  Rlirra  and  the  formnlian  of  nrw  ronnrirljve  tiiiue  hiu  hneo  iniluc<^  by 

P»rce  in  the  hQnrf  of  mlibilt  by  Ihr  iojerlion  Ol  ndrrnnlin  in(o  the  car  vrin.  See  Pranr.  Jour.  Exp. 
Me  J.,  vol.  viii..  p.  401).  1006. 

'  Culltn.  Johns  Hupkini  Hoip.  Bjll..  vol.  jivii..  p.  267.  1906. 
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venience  call  the  lesion  myocarditis,  thus  implying  inflammation.  It 
is  interesting  in  this  connection  to  note  that  under  these  conditions 
the  muscle  fibres  immediately  beneath  the  endocardium  and  close 

around  the  blood-vessels  where  the  nutritive  supply  is  most  abundant 
are  often  not  atrophied,  nor  is  the  growth  of  connective  tissue  marked 
(Fig.  333). 

Tuberculous  myocarditts  is  of  occasional  occurrence  and  may  be  asso- 
ciated with  tuberculosis  of  the  pericardium  or  endocardium.* 

Syphilitic  Myocarditis  is  accompanied  by  the  growth  of  connective 
tissue  or  granulation  tissue  in  the  wall  of  the  heart  between  the  muscle 

fibres  or  in  the  walls  of  the  blood-vessels.  The  pericardium  and  endo- 
cardium may  also  be  thickened,  and  pericardial  adhesions  may  be 

formed.     Gummata  of  the  heart  are  of  rare  occurrence.' 
Endocarditis. — The  endocardium  is  a  connective-tissue  membrane, 

containing  but  few  blood-vessels,  which  lines  the  cavities  of  the  heart  and 
forms  its  valves.  Its  inner  surface  is  covered  with  a  layer  of  endothelial 

cells.  The  connective-tissue  cells  and  basement  substance  are  princi- 
pally concerned  in  the  inflammatory  processes.  The  new  tissue  thus 

produced  is  prone  to  degeneration  and  calcification.     The  roughening  of 

Am.  Jnur.  Meil.  Srienrw.  vol.  tx..  p.  339,   IS9S.  bibl.     Also  Adl^.  Trmu.  J 
i..  p.  7».  1M9S.  bibl. 
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the  endocardium  due  to  the  inflammation  often  leads  to  the  formation 
of  fibrin  on  the  affected  surface. 

The  endocardium  which  forms  the  valves  is  that  which  is  most  fre- 
quently involved,  but  the  other  portions  of  it  are  by  no  means  exempt. 

In  adult  life  it  is  the  endocardium  of  the  left  ventricle,  and  especially  the 
aortic  and  mitral  valves,  which  are  most  commonly  affected. 

In  fcetal  life  it  is  the  endocardium  of  the  right  heart  which  is  usually 
affected. 

I.  Simple  Acute  Endocarditis. — This  is  frequent  with  rheumatism,  but 
may  occur  under  other  conditions.  It  may  occur  in  a  heart  previously 
healthy,  or  in  one  already  the  seat  of  chronic  endocarditis. 

In  some  cases  the  only  lesion  is  a  simple  swelling  of  the  valves.     These 

are  thick  and  succulent,  but  their  surfaces  remain  smooth.  The  base- 
ment substance  is  swollen,  and  there  is  a  moderate  production  of  new 

connective-tissue  cells.  In  other  cases  the  growth  of  connective-tissue 
cells  is  more  marked,  the  basement  substance  is  split  up,  and  little  cellu- 

lar fungous  masses  of  connective  tissue,  called  "vegetations,"  project from  the  free  surface  of  the  endocardium.  This  is  sometimes  called 

verrucous  endocarditis.  On  these  roughened  surfaces  the  fibrin  of  the 
blood  may  be  deposited,  and  thus  vegetations  of  considerable  size  may 
be  formed  (see  Fig.  334).  In  still  other  cases  the  cell  growth,  while  in 
some  places  forming  vegetations,  in  other  places  degenerates,  and  thus 
portions  of  the  valves  are  destroyed.  This  is  simple  acute  utceralive 
endocardlfis.  In  some  cases  of  this  disease  the  patients  recover  and  the 
valves  seem  to  return  to  a  normal  condition;  in  other  cases  the  valves 
are  left  permanently  damaged;  and  in  still  others  chronic  endocarditis 
follows  the  acute  form. 
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2.  Mycotic  or  Malignant  Endocarditis  (Malignant  Ulcerative  Endo- 
carditt8).^The  direct  excitants  of  simple  acute  endocarditis  of  the  forma 
described  above  are  unknown,  but  in  a  considerable  number  of  cases  of 

acute  endocarditis  bacteria  iiave  been  found  in  and  about  the  vegeta- 
tions, and  proved,  by  careful  experiments,  to  stand  in  a  causative  relation 

to  the  lesion. 

Those  cases  of  acute  endocarditis  in  which  the  lesions  are  induced  by 
the  direct  action  of  bacteria  are  called  mycotic  or  malignant  endocarditis; 

or,  since  the  new-formed  as  well  as  the  old  tissue  about  the  bacteria  is 

apt  to  become  necrotic  and  thus  lead  to  larger  or  smaller  losses  of  sub- 
stance, the  lesion  is  often  called  malignant  iilceralire  endocardilis.  Cases 

of  multiple  aneurism  in  connection  with  mycotic  endocarditis  have  been 
reported.  Various  species  of  bacteria  may  be  excitants  of  malignant 
endocarditis  (Kig.  335). 

It  is  most  commonly  induced  by  Staphylococcus  pyogenes  aureus  and 

Streptococcus   pyogenes.     Diplococcus    pneumoniie,'    B.    typhosus,   B. 
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tuberculosis,   B.  anthracJa,  Micrococcus  gonorrhcete,'  and  others  have 
been  occasionally  found.' 

It  has,  furthermore,  been  found  that  a  lesion  or  injury  of  the  endo- 
cardium, either  on  the  heart  valves  or  elsewhere,  predisposes  to  the  lodg- 

ment and  growth  upon  it  of  pathogenic  bacteria  when  once  they  have 
gained  access  to  the  circulating  blood. 

Mycotic  endocarditis  is  frequently  a  secondary  complicating  lesion, 
but  may  occur  as  a  primary  disease.  It  is  most  apt  to  be  associated 
with  the  acute  infectious  diseases,  and  may  be  one  of  the  local  mani- 

festations of  pjwmia.' 
In  some  cases  there  is  a  formation  of  new  tissue  in  the  form  of  organ- 
■For 
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ized  vegetations  on  the  valves  or  general  endocardium;  in  other  cases 

'i  either  of  the  new-formed  or  the  old  tissue  is  the  most  marked 

Showing  fibrous  "  vcgelation  "  on  Ihe  mitral  vnlvc.     Wiih  a  laiire  blood  clot  farmed  upon  it. 

eature.  Thrombi  are  apt  to  form  on  the  affected  surfaces  and  often 

largely  make  up  the  so-called  vegetations.  The  mitral  and  aortic  valves 
are  frequently  the  seat  of  the  lesion,  but  it  may  occur  elsewhere. 
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Detachment  of  bacteria  containing  fragments  of  the  vegetations  or 
clots  may  give  rise  to  single  or  multiple  infectious  emboli  and  abscesses 
in  various  parts  of  the  body,  such  as  the  spleen,  kitlneys,  brain,  skin, 
heart  wall,  etc.  Bacteria  similar  to  those  in  the  heart  lesion  may  be 
found  in  these  secondary  abscesses. 

It  is  probable  that  abscesses  in  ulcerative  endocarditis  do  not  always 

arise  from  cardiac  emboli,  but  may  precede  the  heart  lesion.' 
3.  Chronic  endocarditis  may  succeed  acute  endocarditis,  or  the  inflam- 

mation may  be  chronic  from  the  outset.  It  affects  most  frequently  the 
aortic  and  mitral  valves,  and  the  endocardium  of  the  left  auricle  and 
ventricle,  similar  changes  in  the  right  side  of  the  heart  being  much  less 
frequent. 

There  are  two  main  anatomical  varieties  of  chronic  endocarditis,  which 
may  occur  separately  or  together: 

1.  The  endocardium  is  thick  and  dense,  its  surfaces  are  smooth  or 
covered  with  small,  hard  vegetations  or  ridges  (Figs.  330  and  337);  it  is 
often  infiltrated  with  the  salts  of  lime. 

2.  There  is  a  growth  of  connective-tissue  cells  in  the  endocardium, 
with  a  splitting-up  of  the  basement  substance.     Some  of  the  new  cells 

'  For  a  Hludy  of  chnnii'  inrcrtiouK  pndofaMitia.  t«  BiUinm.  Arch.  Int.  M«l..  iv..  i09.  \W9:  for 
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continue  to  live,  others  degenerate.  By  the  combination  of  such  a  cell 
growth  and  destruction  the  endocardium  is  in  some  places  destroyed,  in 
others  changed  into  projecting  vegetations  (see  Fig.  338).  Fibrin  is 
deposited  on  the  roughened  surfaces  (Figs.  339  and  340).  After  a  time 
the  condition  may  be  further  complicated  by  the  shrinkage  and  deposition 
of  the  salts  of  lime  in  the  new  tissue  and  in  the  endocardium  (Fig.  338). 

All  these  changes  may  extend  to  the  wall  of  the  heart  beneath  the  endo- 
cardium. As  the  result  of  the  new  formation  of  connective  tissue  the 

cusps  of  the  valves  may  he  shortened  or  grown  together  or  adherent  to 
the  heart  wall.  The  chordte  tendinese  may  be  shortened  and  the  papillary 
muscle  fibres  shortened  and  distorted. 

The  most  important  result  of  chronic  endocarditis  is  its  effect  on 
the  heart  valves,  producing  insufficiency  and  stenosis  (Figs.  341  and  342). 

The  changes  in  the  valves  are  followed  by  changes  in  the  walls  and  cav- 
ities of  the  heart,  and  disturbances  of  the  circulation  throughout  the 

body  (see  p.  552). 
4.  Chronic  Ulcerative  Endocarditis. — Large  ulcers  or  perforations  of 

the  valves  may  be  formed  in  chronic  endocarditis,  upon  which  clots 
may  form,  so  that  in  gross  appearance  a  great  similarity  exists  between 
this  and  malignant  ulcerative  endocarditis,  particularly  if  the  latter 
have  been  engrafted  upon  an  already  chronically  diseased  endocardium. 
The  microscopical  and  biological  examinations  must  u.suatly  be  resorted 
to  in  order  to  determine  the  exact  significance  of  the  lesion. 

5.  Tuberculous  Endocarditis  may  occur  in  connection  with  tubercu- 
lous pericarditis  or  general  miliary  tuberculosis.  The  tubercles  may  be 

small  and  single,  or  grouped  in  masses,  and  show  the  usual  degenerative 

changes.' 
<  S«e  reference.  Motrr.  p.  S42;  hIdd  Eliennr.  Arch,  de  mid.  exp.,  vol.  x..  p.  14fl,  ISSS. 
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STOKES-ADAMS'  DISEASE.' 

In  this  disease  there  is  a  slow  pulse,  sometimes  accompanied  by 
pulsation  in  the  veins  of  the  neck,  which  is  more  frequent  than  the  beat 
of  the  ventricles.  This  is  associated  with  attacks  of  syncope  with  a 
very  slow  pulse  rate.  This  lack  of  rhjT^hm  in  the  beat  of  the  auricles 
and  ventricles  is  sometimes  considerable,  the  former  sometimes  con- 

tracting three  or  four  times  as  often  as  the  latter.  This  condition,  called 

"  heart-block,"  is  attributable  to  interference  with  the  muscular  connec- 
tion which  has  been  shown  to  exist  between  the  auricles  and  ventricles. 

Fla.  342.— Chronic  Endoo^hoitis  with  CALcmc*TioN  of  tub  Thickened  Valves. 

It  was  formerly  believed  that  the  impulse  which  causes  the  walls  of 
the  chambers  of  the  heart  to  contract  arises  in  the  automatic  heart 

ganglia,  and  is  conveyed  to  the  muscle  cells  by  nerves.  The  more 
modern  view  is  that  the  impulse  arises  in  the  musculature  of  the  great 
veins  and  is  propagated  to  the  walls  of  the  heart  chambers  through  their 

musculature.' 

'ForoBtudyof  IhiiconditioiiBeefiVianirfi-,  Jour,  Eip.  Med,,  vol.  vii.,  p.  676,  1905;  also  iftirf,,  voL 

' '  For  a  sumtn.'iiy  wilh  bihriography  of  the  cause  of  the  bent  see  HQarll.  -  Harvey  Lectures."  1905- 
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His  has  shown  that  in  mammals  there  is  a  narrow  band  of  muscle 
joining  the  septa  of  the  auricles  and  ventricles.  This  is  called  the 

" auriculo-ventricular  bundle  of  His,'**  and  it  is  important  in  regulating the  heart  beats. 

In  many  cases  of  Stokes-Adams'  disease,  autopsy  has  failed  to  reveal 
lesions  directly  involving  the  region  of  the  His  bundle,  but  in  others 
lesions  have  been  found.  In  one  case  a  small  mural  tumor  was  dis- 

covered; in  another  a  gumma;'  in  another^  there  was  a  patch  of  sclerosis 
and  atheroma  involving  the  bundle;  in  still  other  cases  lesions  have  been 

found. ^  The  experiments  on  animals  in  which  heart-block  has  been 
induced  by  injuries  of  the  wall  near  or  involving  the  His  bundle,  together 
with  the  observed  local  lesion,  show  the  importance  of  careful  examina- 

tion of  this  region  in  such  cases. 
Other  forms  of  irregular  heart  action,  palpitation,  arrhythmia,  tachy- 

cardia (rapid  heart),  brachycardia  (slow  heart)  are  so  frequently  unasso- 
ciated  with  obvious  lesions  that  we  refer  for  their  consideration  to  trea- 

tises on  clinical  pathology.* 

HYPERTROPHY  AND  DILATATION  OF  THE  HEART. 

We  have  seen  in  an  earlier  chapter  that  the  circulation  of  the  blood 
may  be  impaired  by  deficient  cardiac  power,  such  as  may  result  from 
innutrition  of  the  muscle  from  general  causes,  or  from  obstruction  of  the 
coronary  arteries,  from  degenerative  changes  in  the  muscle,  faulty 
innervation,  the  action  of  poisons,  etc. 

But  with  unimpaired  vigor  of  the  heart  muscle  the  circulation  may 
be  interfered  with  by  many  abnormal  conditions.  If  the  orifices  of  the 
heart  are  narrowed  the  blood  is  forced  through  them  with  difficulty; 
if  the  valves  are  defective  the  blood  regurgitates.  If  there  be  obstruction 
in  the  vascular  system  the  flow  of  blood  is  retarded. 

Under  these  and  many  other  conditions  an  unusual  amount  of  w^ork 
is  thrown  upon  the  heart  muscle,  which  may  adapt  itself  to  its  unusual 
tasks  by  a  hypertrophy  which  more  or  less  fully  compensates  for  the 

difficulties  of  the  circulation.®  This  is  compensatory  hypertrophy  of  the 
heart.     The  portion  of  the  heart  muscle  especially  involved  in  hyper- 

*  See  Erlanger,  ref.  above,  for  more  detailed  description  of  the  His  bundle  and  ref.  to  His  and 
Retzer. 

The  following  summary  descriptive  of  the  bundle  is  given  by  Erlanger  after  Retzer:  "The  auriculo- 
ventricular  bundle  runs  posterioriy  in  the  septum  of  the  ventricles  about  10  mm.  below  the  posterior 
leaflet  of  the  aortic  semilunar  valves;  with  a  gentle  curve  it  passes  posterioriy  just  over  the  upper  edge 
of  the  muscuFar  septum  and  sends  its  fibres  into  the  musculature  of  the  right  auricle  and  of  the  auricular 

valves.  .  .     In  the  heart  of  the  adult  the  bundle  is  IS  mm.  long. 2.5  mm.  wide,  and  1.5  mm.  thick." 
See  also  for  description  of  the  bundle,  with  illustrations,  Keith  and  Flack,  Lancet,  1906,  vol.  ii., 

p.  359. 
2  See  Ashion,  Norris,  and  Lavenson,  Am.  Jour.  Med.  Sci.,  vol.  cxxxiii.,  p.  28,  1907. 
'  See  Stengel,  Amer.  Jour.  Med.  Sciences,  vol.  cxxx.,  p.  1083,  1905. 
*  See  SchmoU,  Deutsch.  Arch.  f.  klin.  Med.,  Bd.  Ixxxvii.,  p.  554,  1906. 
*  For  an  illuminating  review  of  cardiac  arrhythmia  see  Meltzer,  N.  Y.  Med.  Record,  May  22, 1909; 

also  see  discussion  in  Verhl.  Deutsch.  Path.  Ges.,  Tagung.  xiv.,  3,  1910. 

®  For  a  suggestive  study  of  cardiac  hypertrophy  as  an  adaptive  process  see  Welch,  "Adaptation  in 
Pathological  Processes,"  Trans.  Congr.  of  American  Phys.  and  Surg.,  vol.  iv.,  1897. 

For  a  comprehensive  risunU  of  the  normal  and  pathological  physiology  of  the  heart  and  its  mor- 
phological and  functional  lesions  see  Heim,   "Handbuch  d.  exp.  Path,  und  Pharmakol.,"  1905,  Bd.  i. 
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trophy  is  determined  by  the  location  of  the  obstruction  to  the  circulation. 
The  hypertrophy  is  usually  associate*!  with  dilatation  of  one  or  more  of 
the  heart  cavities. 

Hypertrophy  may  involve  the  walls  of  one  or  more  or  all  the  cavities 
of  the  heart.  While  the  wall  of  a  ventricle  is  thickened,  its  cavity  may 

retain  its  normal  size — simple  hypertrophy;  or  be  dilated— exren/n'c  hyper- 
trophy; or  it  may  be  contractetl — concentric  hypertrophy.  Simple  hyper- 
trophy is  not  common,  but  may  occur  in  connection  with  the  atropliied 

kidneys  of  chronic  diffuse  nephritis. 
Care  should  always  be  exercised  in  judging  of  cardiac  hypertrophy,  for 

a  firmly  contracted  heart  seems  to  have  a  small  cavity  and  thick  walls 

(Fig.  343).  It  should  also  be  borne  in  mind  that  an  increase  in  the 
amount  of  fat  in  and  about  the  heart  may  make  the  organ  appear  larger, 
when  there  may  be  actually  a  considerable  decrease  in  the  amount  of 

muscle  tissue.  The  existence  of  such  a  condition  as  concentric  hyper- 
trophy is  denied  by  some  authors.  Excentric  hypertrophy  is  the  most 

common  form.  The  nui.scle  tissue  in  hypertrophied  hearts  is  firmer  and 
den.ser  than  normal,  and  is  apt  to  have  a  darker  color.  Fatty  degenera- 

tion may,  however,  be  associated  with  it,  giving  the  walls  a  lighter  appear- 
ance. It  is  probable  that  the  increase  of  tissue  in  the  hypertrophied 

heart  wall  is  the  result  of  increase  both  in  .size  and  number  of  the  muscle 
fibres. 
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Hypertrophy  of  both  ventricles  increases  both  the  length  and  breadth 
of  the  heart.  Hypertrophy  of  the  left  ventricle  (alone)  increases  its 
length.  The  apex  is  then  lower  and  farther  to  the  left  than  usual. 
Hypertrophy  of  the  right  ventricle  (alone)  increases  the  breadth  of  the 
heart  toward  the  right  side;  but  sometimes  the  right  edge  of  the  heart 
retains  its  normal  situation  and  the  apex  is  displaced  to  the  left.  With 
large  hypertrophy  of  both  ventricles,  the  base  of  the  heart  may  sink,  so 
that  its  long  axis  approaches  a  horizontal  direction. 

Hypertrophied  hearts  may  weigh  from  forty  to  fifty  ounces,  or  even 
more. 

Hypertrophy  of  the  heart  may  depend  upon  a  variety  of  conditions 
which  increase  its  work. 

LESIONS  OF  THE  HEART  VALVES  IN  RELATION  TO  HYPERTROPHY  AND 
DILATATION. 

As  the  result  of  acute  infective  processes  in  the  endocardium  the  heart 
valves  may  undergo  numerous  changes.  These  are  most  frequent  in 
connection  with  acute  articular  rheumatism,  various  forms  of  sep- 

ticaemia, typhoid  fever,  scarlatina,  gonorrhoea,  etc.  We  have  already 
seen  in  detail  the  alterations  induced  in  infections  of  the  endocardium. 

As  the  result  of  these  and  other  processes  the  heart  valves  suffer  ulcera- 
tion, thrombosis,  adhesions,  distortions;  the  chordae  tendineae  may  be 

shortened  or  the  papillary  muscles  deformed;  while  the  orifices  may  be 
less  exactly  controlled  than  normally  as  the  result  of  myocardial  lesions. 
Thus  it  frequently  occurs  that  the  orifices  of  the  heart  are  too  narrow 
or  the  valves  close  imperfectly,  or  both  conditions  are  present  together. . 

The  narrowing  of  the  orifices  is  called  stenosis;  the  failure  of  the  valves 
to  close  properly  is  called  insufficiency. 

AORTIC  INSUFFICIENCY  AND  STENOSIS. 

In  insufficiency  of  the  aortic  valves  the  blood  which  has  been  sent 
forward  into  the  aorta  by  the  contraction  of  the  left  ventricle  in  part 
returns  to  the  ventricle  in  the  following  diastole  through  the  incompletely 
closed  aortic  orifice.  This,  unless  the  ventricle  wall  adapts  itself  to  the 
changed  conditions,  may  lead  to  an  interference  with  the  entrance  of 
blood  from  the  left  auricle  and  so  to  pulmonary  congestion.  Under  these 
conditions,  then,  of  aortic  insuflSciency  more  work  is  thrown  upon  the 

muscle  of  the  left  ventricle,  which  may  undergo  compensatory  hyper- 
trophy. With  this  there  is  usually  associated  a  dilatation  of  the  ventricle 

cavity  on  account  of  the  larger  amount  of  blood  which  it  is  forced  to 
accommodate. 

In  stenosis  of  the  aortic  valves  there  is  obstruction  to  the  passage  of  the 
blood  into  the  aorta,  and  the  muscle  of  the  left  ventricle  is  forced  to  do 
so  much  extra  work  that  the  wall  of  the  ventricle  becomes  hypertrophied. 
This  hypertrophy  may  be  followed  by  dilatation  of  the  ventricle  through 
a  subsequent  weakening  of  the  wall. 
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IflTRAL  INSUFFICIENCY  AND  STENOSIS. 

In  mitral  insufficiency  a  part  of  the  blood  during  systole  of  the  left 
ventricle  is  forced  back  into  the  auricle.  As  the  result  of  this  the  auricle 

is  forced  to  do  more  work;  its  wall  undergoes  more  or  less  hypertrophy 
and  dilatation.  Under  these  conditions  the  blood  cannot  properly  flow 
from  the  pulmonary  veins,  which  become  congested.  This  in  turn  brings 
more  work  upon  the  right  ventricle,  which  undergoes  hypertrophy.  But 
when  the  diastole  of  the  left  ventricle  occurs,  blood  flows  into  it  from 
the  auricle  and  the  pulmonary  system  under  increased  pressure,  while 
it  is  forced  to  do  more  work  in  systole  to  compensate  for  the  backward 
current  through  the  faulty  mitral  valve.  Thus  the  wall  of  the  left 
ventricle  becomes  hypcrtrophied  and  at  the  same  time  becomes  dilated 
from  the  increased  amount  of  blood  which  it  is  forced  to  accommodate. 

In  mitral  stenosis  the  flow  of  blood  from  the  left  auricle  into  the  left 

ventricle  is  obstructed  so  that  more  work  must  be  done  by  the  muscle  of 
the  wall  of  the  auricle.  This  undergoes  a  certain  amount  of  hypertrophy 

and  also  of  dilatation  on  account  of  the  increased  pressure  in  the  pul- 
monary veins.  For  the  pulmonary  vessels  become  overfilled  owing  to 

the  resistance  which  the  blood  encounters  in  the  obstructed  mitral 

orifice.  The  heightened  pressure  of  the  pulmonary  vessels  is  felt  in  the 
right  ventricle,  which  must  do  more  work,  and  undergoes  hypertrophy. 

As  to  the  left  ventricle,  the  wall  may  remain  unaffected  in  uncom- 
plicated mitral  stenosis  or  may  suffer  degenerative  changes  or  atrophy 

if  the  right  heart  fails  to  compensate  properly  for  the  obstructive  lesion. 

INSUFFICIENCY  AND  STENOSIS  IN  THE  RIGHT  HEART. 

We  need  not  trace  these  lesions  of  the  right  side  of  the  heart  in  detail, 
for  the  changes  are  quite  similar  in  principle  to  those  which  we  have  just 
considered.  But  they  are  by  no  means  as  frequent  or  as  pronounced, 
nor  is  the  compensatory  mechanism  as  perfect  as  in  the  left  heart. 
Lesions  of  the  valves  of  the  right  heart  are  less  frequent  than  those  of  the 
left.  Tricuspid  lesions  infrequently  develop  in  adult  life.  Lesions  of  the 
pulmonary  valves  developing  in  the  adult  are  rare.  During  foetal  life, 
however,  lesions  of  both  of  these  valves  are  not  infrequent.  Congenital 

heart  lesions,  such  as  stenosis  of  the  pulmonary  artery,  may  lead  to  hyper- 
trophy of  the  right  ventricle. 

While  we  have  thus  briefly  touched  upon  some  of  the  more  common 
and  obvious  of  the  conditions  associated  with  the  lesions  of  one  or  the 

other  of  the  heart  valves,  there  are  many  intricacies  and  variations  for 

the  details  of  which  we  must  refer  to  special  works  on  the  subject.^ 
But  we  should  remember  that  there  are  frequent  combinations  of  valvu- 

lar lesions  on  both  sides  of  the  heart.  Thus  simple  mitral  insufficiency 
is  common,  while  uncomplicated  mitral  stenosis  or  aortic  insufficiency 
or  stenosis  is  less  frequent  than  are  combinations  of  insufficiency  with 
stenosis  in  either  the  mitral  or  aortic  valves. 

1  See  Krehl,  "Clinical  Pathology,"  Hewlett's  Eng.  Trans.,  1905. 
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SUBfMARY  OF  CONDITIONS  LEADING  TO  HYPERTROPHY  OF  THE 
VENTRICLES. 

Hypertrophy  of  the  Right  Ventricle. 

This  occurs  especially  under  conditions  which  lead  to  increased 

resistance  to  the  flow  of  blood  in  the  pulmonary  vessels,  for  exam- 
ple, in  interstitial  pneumonia,  pulmonary  tuberculosis,  emphysema 

with  chronic  bronchitis  and  pleuritis,  rarely  with  sclerosis  of  the  pul- 
monary artery  or  incompetence  or  stenosis  of  the  pulmonary  or  tricuspid 

valves.  But  lesions  of  the  mitral  valve  or  lesions  of  the  wall  of  the  left 

ventricle  interfering  with  the  pulmonary  circulation  may  indirectly  lead 
to  hypertrophy  of  the  right  ventricle. 

Hypertrophy  of  the  Left  Ventricle. 

Aside  from  the  valvular  lesions  already  considered,  hypertrophy  of 
the  left  ventricle  may  arise  from  stenosis  of  the  aorta,  from  an  increased 
resistance  of  the  flow  of  blood  through  the  peripheral  arteries  as  in  various 
forms  of  obliterating  endarteritis  or  artcrio-sclerosis,  and  from  certain 
forms  of  diffuse  nephritis.^ 

Arteries  whose  walls  are  stiffened  from  new-formed  tissue  or  from 
degeneration  or  calcareous  infiltration,  or  whose  lumina  are  obstructed 
through  obliterating  endarteritis,  do  not  so  readily  dilate  as  in  normal 
conditions,  nor  do  they  promptly  and  readily  recover  when  the  heart 
pressure  is  reduced  in  diastole.  Thus  it  is  that,  since  the  elasticity  of 
the  arteries  is  an  important  factor  in  the  maintenance  of  the  circulation, 
more  work  in  the  conditions  above  indicated  is  thrown  upon  the  heart, 
which  may  lead  to  its  hypertrophy. 

The  relationship  of  arterio-sclerosis  to  hypertrophy  of  the  heart  is 
most  complex  and  the  results  of  recorded  observations  conflicting.  One 
of  the  chief  reasons  for  this  uncertaintv  is  doubtless  the  crude  methods 

of  determination  of  both  the  degree  and  seat  of  the  hypertrophy  and  the 
character  and  grade  of  the  arterial  lesion.  The  common  method  of 

determining  hypertrophy  of  the  heart  by  simple  inspection  or  by  measure- 
ment of  the  thickness  of  the  heart  wall  is  essentially  faulty  because  no 

account  is  taken  of  the  degree  of  contraction  of  the  muscle  wall  of  the 
heart  which  makes  the  greatest  difference  in  its  thickness.  Only  by  the 
method  of  W.  Muller,  in  which,  after  the  removal  of  the  fat  about  the 
heart,  the  muscle  wall  of  each  cavity  is  separated  and  weighed  and  the 
weight  of  each  part  compared  with  the  weight  of  the  whole  heart,  and 
its  proportional  weight  to  that  of  the  whole  body,  or  by  some  similar 

method,  can  exact  data  be  obtained.^ 
Furthermore,  the  full  significance  of  arterio-sclerosis  can  be  deter- 

mined only  by  the  more  exact  methods  suggested  by  Thoma.' 

*  For  an  experimental  study  of  hypertrophy  of  the  left  ventricle  with  diminished  kidney  structure 
see  Pdssler  and  Heineke,  ref,  foot-note,  p.  768. 

2  See  Muller,  '*  Die  Massenverhftltnisse  des  menschl.  Herzens,'*  1883;  also  summary  by  Hasenfdd^ 
Deutsch.  Arch.  f.  klin.  Med.,  Bd.  lix.,  p.  205,  1897;  and  Hirach,  Deutsch.  Arch.  f.  klin.  Med.,  Bd. 
Ixviii.,  pp.  55  and  ,321,  1900. 

'  Thoma,  Virchow's  Arch.,  Bd.  civ.,  and  following  volumes. 
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The  arterial  lesions  which  appear  to  be  of  most  significance  in  relation 
to  hypertrophy  of  the  heart  are  those  of  the  upper  aorta  and  those  of 

the  splanchnic  system.^  To  what  extent  the  association  of  kidney  lesions 
and  hypertrophy  of  the  heart  are  dependent  upon  arterial  lesions  can  be 
determined  only  by  the  accumulation  of  data  by  the  more  exact  methods 
above  indicated. 

Hypertrophy  of  Both  Ventricles  from  General  Conditions. 

Hypertrophy  of  the  heart  may  accompany  any  condition  which 
leads  to  a  prolonged  increase  in  the  rapidity  of  its  contractions.  It 
may  accompany  exophthalmic  goitre.  It  may  be  associated  with  severe 
or  persistent  muscular  exertion,  or  excesses  in  beer-drinking  or  other 
indulgences.  It  may  be  associated  with  chronic  pericarditis  w^ith 
adhesions.  With  the  hypertrophy  arising  under  these  general  conditions 

there  may  be  also  varying  degrees  of  dilatation.^ 

The  Limitations  of  Compensatory  Hypertrophy. 
• 

While  the  hypertrophy  of  the  heart  may  for  a  longer  or  shorter  time 
measurably  compensate  for  the  various  disturbances  of  the  circulation 

which  have  been  considered,  it  is  by  no  means  always  a  perfect  or  per- 
manent adaptive  measure. 

Excessive  functional  demands  upon  the  heart,  interstitial  myocar- 
ditis, which  may  have  preceded  the  hypertrophy  or  followed  it,  degener- 
ation of  the  muscle,  dilatation  of  the  cavities,  obliterating  inflammation 

and  degeneration  of  the  coronary  arteries,  singly  or  in  various  combina- 
tions, may  in  hypertrophied  as  in  other  hearts  lead  to  irreparable  damage 

to  the  organ. 

DH^ATATION  OF  THE  HEART. 

In  certain  valvular  lesions  of  the  heart,  as  we  have  seen  above  (p.  552) , 

there  occurs  a  dilatation  of  the  heart  cavities  associated  with  hyper- 
trophy of  the^iuscle.  This  provides  for  the  larger  amount  of  blood  which 

the  cavities  are  obliged  to  receive  and  propel,  and  is  thus  compensatory 
and  conservative.  This  is  called  active  dilatation.  On  the  other  hand 

there  may  be  no  increase  of  muscle  tissue,  but  a  thinning  of  the  walls 

proportionate  to  the  dilatation  of  the  cavity — passive  dilatatioji. 
Either  one  or  all  of  the  heart  cavities  may  be  dilated,  the  auricles 

most  frequently;  next  the  right  ventricle;  least  often  the  left  ventricle. 
Active  dilatation  has  been  already  considered  with  hypertrophy. 
Passive  dilatation  may  be  associated  with: 
1.  Changes  in  the  valves.  Mitral  or  aortic  stenosis  or  insufficiency 

may  lead  to  dilatation  of  the  auricles  and  right  ventricle.  Pulmonary 
stenosis  or  insufficiency  may  lead  to  dilatation  of  the  right  auricle  and 

*  See  Hasenfeld,  ref.  above. 
'  Howard's  table  of  105  cases  of  cardiac  hypertrophy  shows  its  association  with  arterio-sclerosis  in 

59  per  cent.;  with  nephritis  in  13.4  per  cent.;  with  valvular  lesion  in  12.4  percent.  Johns  Hopkins 
Hoepital  Reports,  vol.  iii.,  p.  265,  1804.     For  possible  errors  in  such  statistics  see  p.  554. 
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right  ventricle.  Aortic  insufficiency,  with  or  without  stenosis  or  mitral 
insufficiency,  may  lead  to  dilatation  of  the  left  ventricle.  Dilatations 
under  these  conditions  are  often  succeeded  and  compensated  for  by 
hypertrophy  of  the  heart  walls. 

2.  Changes  in  the  muscle  tissue  of  the  heart  walls.  Serous  infiltra- 
tion from  pericarditis,  myocarditis,  fatty  degeneration  and  infiltration, 

atrophy  of  the  muscle  fibres,  may  all  lead  to  dilatation. 
3.  A  heart  which  is  already  hypertrophied  may,  as  we  have  seen,  from 

degeneration  of  the  muscle,  become  dilated. 
4.  Acute  exudative  inflammation  of  the  lungs  and  acute  pleuritic 

exudations,  by  rendering  a  large  number  of  vessels  suddenly  imperme- 
able to  the  blood  current,  may  produce  sudden  stasis  in  the  pulmonary 

artery  and  dilatation  of  the  right  heart. 
5.  There  are  curious  and  often  serious  cases  of  acute  and  chronic 

dilatation  of  the  ventricles  for  which  no  mechanical  explanation  is 
found. 

TUMORS. 

Primary  tumors  in  the  heart  are  rare,  but  sarcomata,  myzomata/ 
fibromata,  and  llpomata  may  occur.  Rhabdomyomata,  probably  con- 

genital, may  occur  in  the  heart  wall  as  circumscribed  nodular  masses.' 
A  cavernous  tumor  of  this  kind  has  been  described.  Secondary  tumors, 
as  a  result  of  metastasis  or  of  continuous  growth  from  the  pleura  or 
oesophagus  or  other  adjacent  parts,  are  not  very  infrequent.  These  are 
usually  carcinomata  or  sarcomata.  Secondary  chondromata  have  been 
observed.'     A  few  tumors  of  the  heart  valves  have  been  described.* 

PARASITES. 

Echinococcus  sometimes  occurs  in  the  heart  wall  and  may  perforate 
into  the  cavities.     Cystlcercus  cellulosae  has  been  observed. 

The  Blood-Vessels. 

HYPOPLASIA,  ATROPHY,  AND  HYPERTROPHY. 

Hypoplasia. — The  aorta  and  larger  vessels  are  sometimes  dispro- 
portionately small  as  a  congenital  condition — hypoplasia — in  which 

the  heart  may  also  share.^  This  condition  may  be  associated  with  the 
so-called  "status  lymphaticus'*  (p.  439),  and  may  accompany  chlorosis. 

Atrophy  of  the  blood-vessels  may  involve  the  entire  trunk  or  some  of 
its  elements.     It  may  occur  as  a  part  of  general  malnutrition  of  the  body, 

»  See  for  study  of  myxoma  of  heart  Leonhardl,  Virch.  Arch.,  Bd.  clxxxi.,  p.  347,  1905,  bibl.:  abo 
Bacmeister,  Cbl.  f.  allsf.  Path.,  Bd.  xvii.,  p.  257,  1906. 

2  Seiffert,  Ziegler's  Beitr.,  Bd.  xxvii.,  p.  145,  1900,  biblioKraphy;  also  Knox  and  Schorer,  Arch,  of 
Pediat..  ,\ug.,  1906;  also  Wolbach,  Jour.  Med.  Res.,  xvi.,  495,  1907. 

'  P'or  bibliography  of  heart  tumors  consult  Berthenson,  Arch,  de  m6d.  exp.,  vol.  v.,  p.  386,  1893. 
*  See  DjewiUky,  Virch.  Arch.,  Bd.  clxxxv.,  p.  195,  1906. 
'  For  a  study  of  hypoplasia  of  the  arterial  system  see  von  Ritodk,  Zeita.  f.  klin.  Med.,  Bd.  hci.,  p. 32,  1907. 
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or  in  connection  with  atrophy  of  particular  organs,  or  as  an  accompani- 
ment of  various  diseases  of  the  vessels  themselves. 

Hypertrophy,  which  is  especially  seen  in  the  arteries,  may  occur  in  the 
establishment  of  a  collateral  circulation  upon  the  closure  of  arterial 
trunks;  or  it  may  occur  as  the  result  of  increased  blood  pressure,  as  in 
some  forms  of  hypertrophy  of  the  heart,  or  from  overwork.  While  all 
the  coats  of  the  vessel  may  be  involved  in  hypertrophy  the  media  is  apt 
to  be  especially  affected.  This  is  seen  in  chronic  diffuse  nephritis.  The 
hypertrophied  media  is  liable  to  degeneration  and  weakening  leading 
to  arterio-sclerosis  (see  p.  564). 

The  Arteries. 

RUPTURE  AND  WOUNDS. 

The  arteries  are  predisposed  to  rupture  by  fatty  degeneration,  arterio- 
sclerosis with  atheroma,  and  in  various  forms  of  acute  inflammation.^ 

Stenosis  of  the  aorta  may  be  followed  by  rupture  between  the  occlusion 
and  the  heart.  The  rupture  may  be  complete  or  a  dissecting  aneurism 
may  form  (see  p.  568).  Rupture  of  the  aorta  may  lead  to  sudden 
death  (Fig.  344) .  There  may  be  partial  or  complete  rupture  of  an  artery 
from  contusions,  wrenchings,  falls,  etc.  The  injury  to  an  artery  from  a 
penetrating  wound  may  be  fatal  if  the  vessel  be  large.  The  wound  of  a 
small  artery  may  close  or  a  false  aneurism  may  develop  at  its  seat. 

In  the  healing  of  a  wounded  artery  the  vessel  retracts  and  contracts, 
and  a  thrombus  is  formed  within  it.  The  contraction  alone  may  be 
sufficient  to  close  the  vessel;  its  coats  thicken,  and  the  inner  surfaces 
finally  are  fused  together;  or  the  blood  coagulates  and  forms  a  thrombus 
in  the  vessel  near  the  wound.  This  thrombus  later  becomes  organized 
and  the  vessel  is  converted  into  a  fibrous  cord. 

DEGENERATION. 

Fatty  Degeneration. — This  may  occur  in  the  walls  of  otherwise  unal- 
tered vessels,  or  in  those  which  have  undergone  a  variety  of  inflamma- 

tory or  degenerative  changes.  It  may  occur  either  in  the  intima  or 
media,  or  both,  and  may  be  so  extensive  as  to  form  a  very  prominent 
gross  lesion,  or  so  little  developed  as  to  require  the  microscope  for  its 
recognition.  When  marked,  especially  if  occurring  in  the  intima  of 
large  vessels,  smaller  and  larger  spots  or  stripes  or  patches  may  be  seen, 
of  a  yellowish  white  cojor,  usually  sharply  circumscribed,  and  sometimes 
smooth,  sometimes  roughened  on  the  surface.  It  is  most  apt  to  occur  in 
the  aorta,  but  may  be  found  in  any  of  the  vessels.  In  moderate  degrees 
of  the  lesion  we  find  on  section  that  the  cells  of  the  intima  contain  fat 

droplets  in  greater  or  less  number.  When  further  advanced,  not  only 
are  the  cells  crowded  with  fat  droplets,  but  the  intercellular  tissue  also 

may  be  more  or  less  densely  infiltrated  with  them.  Sometimes  the  infil- 
tration is  so  dense  that  the  tissue  breaks  down,  and  there  may  be  an 

*  For  a  study  of  perforations  of  aorta  in  pyaemia  see  Witte,  Ziegler'a  Beitr.,  Bd.  xxxvii.,  p.  151, 
1905. 
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erosion  of  the  surface,  forming  a  eo-called  fatty  ulcer.  When  the  media 
is  involved  the  muscle  cells  contain  fat  droplets.  It  may  lead  to  the  for- 

mation of  aneurism  or  to  rupture  of  the  vessels. 
Amyloid  degeneration,  which  may  affect  all  the  coats  of  the  arteries, 

but  especially  the  intima  and  media,  has  already  been  described  in  gen- 
eral {p.  48).  It  will  be  further  considered  under  the  lesions  of  the 

organs  in  which  it  most  commonly  occurs. 

Hyaline  degeneration  may  cause  thickening  of  the  intima  of  the  blood- 
vessels by  its  conversion  into  or  infiltration  with  a  homogeneous  matter 

somewhat  similar  to  amyloid  (sec  p.  48).  Or  it  may  involve  the  entire 
wall  of  smaller  vessels,  converting  them  into  irregular  lumpy  cords. 
The  lumen  of  vessels  thus  changed  may  be  obliterated  or  occluded  by 
thrombi. 
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Calcification  usually  occurs  in  vessels  otherwise  diseased,  and  may 
involve  either  the  intima  or  media.  It  consists  in  the  deposition  of  salts 
of  lime  either  in  the  cells  or  intercellular  substance.  The  lime  may  be 
in  the  form  of  larger  or  smaller  granules  or  in  dense  translucent  plates. 

INFLAMMATION. 

Acute  Arteritis. — Acute  inflammation  of  the  walls  of  the  arteries  is,  in 
the  majority  of  cases,  the  result  of  injury,  or  of  an  inflammation  in  the 
vicinity  of  the  vessel,  or  of  the  lodgment  within  it  of  some  foreign  body  of 
an  irritating  or  infectious  nature.  The  inflammatory  process  may  be 

largely  confined  to  the  inner  coat  of  the  vessels — endarteritis;  or  it  may 
commence  in  the  outer  coats — periarteritis;  or  it  may  involve  the  entire 
wall. 

The  blood-vessels  in  the  outer  coats  may  be  congested,  the  tissue 
oedematous  and  infiltrated  with  pus  cells,  and  the  entire  wall  may 
become  necrotic.  The  intima,  if  this  layer  be  involved,  loses  its  natural 
gloss  and  looks  dull  yellowish  and  is  swollen  and  may  then  ulcerate. 
Under  these  conditions  thrombi  usually  form,  and  in  these  may  occur 
the  various  changes  which  have  been  already  described  on  page  24.  But 
the  process  may  originate  in  an  infective  thrombus  or  embolus  most 
commonly  associated  with  Streptococcus  or  Staphylococcus  pyogenes, 
— thromboarteritis — embolic  arteritis. 

In  cerebro-spinal  meningitis,  whether  this  be  incited  by  the  meningo- 
coccus, streptococcus,  pneumococcus,  or  by  the  tubercle  bacillus,  there 

may  be  an  acute  endarteritis  characterized  by  the  accumulation  of  leuco- 
cytes and  polyhedral  cells  beneath  the  endothelium,  often  raising  this 

layer  from  the  underlying  tissue  (Figs.  128  and  129).  This  lesion  may 

occur  with  or  without  the  involvement  of  the  outer  layers  of  the  vessel.* 
Rupture  of  the  artery  with  more  or  less  extensive  ha?morrhage  may 

follow  acute  suppurative  and  necrotic  inflammation  of  these  vessels. 
Thus  false  aneurisms  (see  p.  568)  may  be  formed.  Or  true  aneurisms 
may  be  developed  at  the  weakened  point.  In  healing,  fibrous  tissue  may 
form,  leading  to  various  phases  of  arterio-sclerosis.  Finally,  as  the  result 
of  organization  of  thrombi  (see  p.  27),  which  may  be  present,  new  tissue 

may  form  within  the  lumen  of  the  involved  vessel — thromboarteritis 
proliferans. 

Arterio-sclerosis  (Chronic  Arteritis). — Since  the  publication  of  the 
studies  of  Gull  and  Sutton  on  arterio-capillary  fibrosis,  attention  has  been 
every  year  more  and  more  directed  to  chronic  pathological  changes  in 
the  arteries  as  of  great  frequency  and  importance.  These  changes 
are  productive  and  degenerative  in  character  and  have  an  important 
bearing  upon  the  circulation  and  upon  the  integrity  of  the  vessel  walls. 
They  are  in  part  primary,  in  part  secondary,  and  may  involve  single 
vessels  or  vascular  territories  or  may  afifect  the  entire  vascular  system. 

The  lesions  differ  somewhat  in  the  small  and  large  vessels.     In  very 

1  For  a  study  of  this  lesion  of  the  subendothelial  layers  of  the  arteries  in  tuberculosis,  see  Hekloen, 
Jour.  Exp.  Med.,  vol.  i.,  p.  112,  1896,  bibl. 

See  also  Flexner,  p.  225. 
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small  arteries  there  is  a  more  or  less  genera!  though  not  uniform  thicken- 
ing of  the  intima  (Figs.  345  and  346).     This  is  due  in  part  to  a  prolifer- 

.  346, — Chronic  Artbhitib — Ahtei 
«is— Oblitkhatino  Enoartebitu. 

le  of  Ih«  vfsne],  where  the  eilem&l  a 

ation  of  the  endothelium,  in  part  to  increase  in  the  connective  tissue  of  the 
intermediary  layer.  In  this  way  a  considerable  amount  of  moderately 
cellular  fibrous  tissue  (Fig.  348)  may  form  within  the  membrana  elastica. 

and  the  lumen  may  be  largely  or  wholly  obliterated — obliterating  eiidarter- 
itis.     The  middle  coat  as  well  as  the  inner  may  be  thickened  (Fig.  347). 

In  larger  arteries  the  new  tissue  may  form  beneath  the  endothelium 
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diffusely  or  in  circumscribcil  masses,  or  may  cm-irdc  the  vessel.     The 
endothelium  over  the  invoIve<i  areaa  may  remain  intact  or  it  may  pro- 

liferate or  become  fatty  or  necrotic.     The  new-formed  fibrous  tissue  of 

the  intima,  which  may  contain  also  new  elastic  fibres,'  is  usually  dense, 
having  few  cells,  and  is  prone  to  undergo 
fatty  degeneration,  to  become  necrotic, 
and  to  disintegrate,  and  thus  larger  and 
smaller  cavities,  filled  with  disintegrated 
tissue,    fat,   and    cholesterin    crystals, 
may  develop  in  the  new-formed  tissue 
(Figs.  34C  and  349).  These  are  called  p,^  MS.-ro^s^cT,.r  !.-«<.=  fo««eo  m 
alheromatous  cyntx.^     They  may  extend  the  iNTiMA  in  ARiKHio-scLEBosts. 
toward  the  lumen  of  the  vessels,  into 

which  they  may  open,  giving  rise  to  emboli  and  forming  rough-edged 
ulcers,  often  with  undermined  edges.  Upon  these  thrombi  may  form. 
In  the  new-formed  tissue  of  the  intima,  as  well  as  in  the  necrotic  foci 
and  in  the  detritus  of  the  cysts,  calcification  may  occur. 

Fatty  degeneration,  atrophy,  and  calcification  may  occur  in  the  mus- 

Inner  coat  Ihirkcned;  degencrutiun  iLnd  aoftpnioj!  (iiiherDtnn)  of  n  pnrl  of  the  Itiickcoeel.area. 

cularis  and  adventitia  of  the  involved  vessels.     There  may  be  degener- 
ation and  atrophy  of  the  elastic  laminie. 

Similar  processes  may  occur  in  the  aorta,  the  new  tissue  growth  and 
the  defeneration  being  less  definitely  limitet!  to  the  inner  layer  of  the 
wall.     The  elastic  lamime  may  be  degenerated,  partially  atrophied   or 

■  See  Jorcf,  ZuTjIcr'a  Reitr..  Hrl.  jtiiv,,  p.  45S.  1898.  bihi. 
'  The  nortl  athemmii  in  :>oinetim»  iipgiliHl  to  Ihe  whole  piwem  of  nrIerio.>iFlenHB,  but  it  would  be 
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absent,  in  patches  in  the  wall  of  the  vessel  (Fig.  350).     The  aorta  may 
thus  be  beset  with  larger  and  smaller,  irregular,  white,  hard,  elevated 

thickenings  (Fig.  351),  often  yellowish  from  fatty  degeneration.     Benoath 
these  there  may  be  atheromatous  softening,  or  these  sclerotic  areas  may 

Flo,  aSl.— ATHSRnHA  or  the  Ahhta. 
There  nn  fatty  deeeneratioa,  thickeaing  of  Ihe  inlimn.  cnlcificHtion.  unil  proaion.    Thnmbi  bave 

be  calcified  and  project  as  hard,  often  brownish  plates  with  smooth  or 
rough  edges.     The  surface  of  the  aorta  may  be  rough  from  erosion  over 
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the  degenerated  areas,  and  upon  these  or  elsewhere  parietal  thrombi  may 
form  (Fig.  352).  Such  sclerotic  areas  are  often  well  marked  at  the 
junction  of  smaller  vessels  with  the  aorta. 

We  have  seen  that  in  the  smaller  vessels  arterio-sclerosis  may  lead  to 
extreme  narrowing  or  occlusion  of  the  lumen.     When  this  does  not  occur. 

atima  ■  [rregular,  bz 

and  especially  in  the  medium-sized  arteries,  since  the  new  tissue  is  less 
elastic  than  normal  and  liable  to  yield  to  the  pressure  of  the  blood,  the 
lumen  may  in  places  be  dilated  (Fig.  353)  or  the  wall  may  rupture.  In 
this  way  aneurisms  may  form.  This  is  especially  apt  to  occur  when 
atheromatous  degeneration  has  taken  place  and  the  muscularis  is  either 

atrophied  or  degenerated.     In  the  aorta  also  dilatation  and  rupture  may 

Arterio-scleroais  may  be  largely  limited  to  the  aorta  or  to  other  single 
vessels,  or  it  may  occur  in  special  vascular  tracts,  such  as  those  of  the 
brain  or  heart. 
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As  the  result  of  arterio-selerosis  a  great  variety  of  circulatory  dis- 
turbances may  arise,  both  local  and  general.  The  effect  upon  the  heart 

of  the  narrowing  of  the  lumen  of  the  arteries,  as  well  as  the  loss  of  their 

elasticity,  we  have  seen  above  (p.  554).* 
The  Conditions  Leading  to  Arterio-sclerosis. — The'  lesions  of 

arterio-selerosis  often  occur  with  gout,  syphilis,  chronic  lead  and  alcohol 

poisoning,  overwork,  and  overfeeding.  They  are  usual  in  senility,^  and 
predisposition  to  them  may  be  inherited.  They  may  be  associated  with 
cardiac  hypertrophy  from  valvular  lesions  or  with  chronic  diffuse  nephri- 

tis or  other  conditions  involving  increased  arterial  tension.  They 
may  occur  locally  in  connection  with  tumors.  In  various  acute  infec- 

tions— diphtheria,  scarlatina,  typhoid  fever,  influenza,  pneumonia,  and 
pyaemia — localized  lesions  of  the  medium-sized  arteries  may  occur,  leading 
to  sclerosis.  There  is  degeneration  of  the  smooth  muscle  cells  and  the 
elastic  tissue  of  the  media  occurring  in  patches  and  followed  by  necrosis. 

These  local  lesions  may  heal  by  connective-tissue  formation,  or  they  may 
involve  the  intima,  leading  to  sclerosis  and  more  or  less  obstruction  of  the 
lumen.  The  aorta,  the  arteries  of  the  brain,  and  the  coronaries  are 

frequently  involved.' 
While  the  mechanical  conditions  under  which  arterio-sclerosis  devel- 
ops are  not  very  fully  understood,  the  studies  of  Thoma  have  pointed 

the  way  along  which  fruitful  research  may  be  confidently  expected. 

In  accordance  with  the  results  of  Thoma 's  experiments  one  may 
regard  the  primary  lesions  of  arterio-sclerosis  as  a  compensatory  hyper- 

plasia of  the  intima.  If  for  any  reason — congenital  defects,  for  example 
— the  wall  of  the  artery  in  a  given  region,  as  is  the  case  in  the  circum- 

scribed or  nodular  forms  of  arterio-sclerosis,  be  weakened  and  yields 
to  the  blood  pressure,  it  is  at  this  point  that  the  new  tissue  forms  in  the 
intima  and  restores  the  lumen  to  its  natural  calibre  (see  Figs.  346  and 
353)  with  restitution  of  the  rate  of  blood  flow.  That  this  compensation 
is  often  incomplete  or  temporary,  or  that  it  brings  with  it  other  and  often 

serious  complications,  does  not  militate  against  this  view  of  the  signifi- 
cance of  these  blood-vessel  lesions,  and  is  only  one  of  many  examples  of 

imperfect  adaptation  in  pathological  processes."* 
Many  conditions  other  than  congenital  defects  in  the  vessel  walls 

may  result  in  arterio-sclerosis.  In  fact  any  long  continued  disturbance 
of  the  normal  balance  between  the  blood  pressure  and  the  resistance  of 

the  vessel  wall  apparently  may  lead  in  a  variety  of  ways  to  arterio- 
sclerosis. Thus  syphilitic  inflammation  of  the  arterial  wall  with  necrosis 

may  result  in  the  formation  of  scar  tissue,  replacing  the  muscular  and 
elastic  supports  of  the  walls  by  less  resistant  structures.  The  effects  of 
alien  substances  or  of  natural  substances  in  undue  amount  in  the  blood, 
which  induce  a  continuing  contraction  of  the  museularis  of  the  arteries, 
or  of  overwork  may  lead  through  a  primary  hypertrophy  followed  by 

^  For  a  comprehensive  riaum^  of  the  normal  and  pathological  physiology  of  the  blood-vessels  see 
Heim,  Handbuch  d.  exp.  Path,  und  Pharmakol.,  1905,  Bd.  ii. 

*  For  changes  in  elastic  tmsuc  in  aorta  in  advancing  age.  Foster,  Jour.  Med.  Res.,  xxi.,  297,  1909. 
»  See  WieMel,  Zeits.  f.  Heilkunde,  Abt.  d.  path.  Anat.,  Bd.  xxvii.,  p.  262,  1906. 
*  See  reference  to  Welch,  p.  110. 
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degeneration  of  the  muscle  cells  to  a  general  weakness  of  the  walls  with 
coincident  general  or  local  thickening  of  the  intima.  Senile  or  other 
general  degeneration  of  the  media  with  widespread  calcareous  de- 

posits may  determine  sclerotic  changes  in  the  intima.  In  all  these  cases 
the  intimal  thickening  is  not,  according  to  the  widely  entertained  view, 
inflammatory,  but  has  the  nature  of  a  replacement  hyperplasia  in  walls 
damaged  and  weakened  in  various  ways. 

But  this  view,  largely  inspired  by  the  work  of  Thoma,*  that  the 
intimal  lesions  in  arterio-sclerosis  are  compensatory,  has  not  found 
universal  acceptance.  Indeed  there  are  many  conditions  under  which 
it  seems  clear  that  the  sclerotic  lesions  of  the  intima,  while  often  asso- 

ciated with  damaging  or  destructive  changes  in  the  other  layers,  especially 
the  media,  are  not  secondary  to  them  but  are  due  to  common  agents 
acting  on  both.  Furthermore,  there  appear  to  be  intimal  inflammatory 
thickenings  induced  by  infective  or  toxic  agents  acting  primarily  on  the 

intima.^ 
Finally,  there  may  be  lesions  of  the  intima  secondary  to  those  of  the 

media,  without  the  former  being  in  any  sense  compensatory. 
Classificatiox  of  THE  FoRMs  OF  Arterio-sclerosis. — Various 

classifications  of  the  lesions  of  arterio-sclerosis  have  been  made.  These 
must  all  be  considered  somewhat  arbitrary  and  superficial  until  our 
knowledge  of  the  mechanics  of  the  circulation  and  the  evolution  of  the 

lesions  are  more  clearly  defined.  Much  of  the  uncertainty  in  the  inter- 
pretation of  arterial  lesions  is  due  to  the  fact  that  observations  in  the  past 

have  been  made  largely  on  vessels  in  the  contracted  condition  in  which 
the  cessation  of  blood  pressure  at  death  left  them.  80  that  the  exact 
condition  of  the  lumen  during  life  in  various  sclerotic  lesions  is  not  really 
known.  Thoma  places  in  one  class  the  primary  and  more  limited  nodular 

forms  of  fibrous-tissue  growth,  especially  in  the  larger  vessels,  which  he 
regards  as  compensatory  in  the  way  just  indicated;  in  another  the  diffuse 
or  secondary  form,  which  is  attributable  to  an  increased  resistance  to  the 

flow  of  blood  in  peripheral  vessels,  such  as  those  of  the  kidney,  a  weak- 
ening of  the  muscularis  through  degeneration,  the  consequent  dilata- 

tion, and  then  the  compensating  fibrous-tissue  growth  in  the  vessels 
at  large. 

Councilman'  has  grouped  the  lesions  into  three  forms:  1st,  the  nodu- 
laVy  corresponding  with  the  primary  form  of  Thoma;  2d,  a  senile  form,  in 
which  there  are  often  great  distortion  of  the  vessels,  calcification,  and 
frequent  thinning  of  the  walls;  atrophic  changes  in  the  viscera  are  apt  to 
be  associated  with  this  form  of  senile  arteritis;  3d,  a  diffuse  form  of 
marked  obliterating  endarteritis  with  fibrous  involvement  of  the  muscu- 

lar layer.     This  is  apt  to  be  associated  witb  hypertrophy  and  often  with 

1  Thoma,  see  Virch.  Arch.,  Bd.  xeiii.,  p.  443;  ibid.,  Bd.  cxvi.,  p,  1;  also  Thoma's  "Text-book, of 
General  Pathology,"  vol.  i.,  Eng.  trans.;  also  reference  to  Thoma's  works,  Arch.  f.  Entwickl.  Mech., 
Bd.  xii.,  p.  .352. 

2  For  summaries  of  more  recent  conceptions  of  arterio-sclerosis  see  Adami,  Am.  Jour.  Med.  Sci., 
cxxxviii.,  485.  1909;  and  Klotz,  Jour.  Exp.  Med.,  xii.,  707,  1910. 

'  For  a  risumi  of  views  based  upon  Thoma's  studies  see  Councilman,  Trans.  Assn.  Am.  Phys., 
vol.  vi.,  p.  179,  1.S91.  For  a  general  study  of  pathogenesis  of  arterio-sclerosis  see  Pic  and  Bonnamour^ 
Jour,  de  phys.  et.  path,  g^n.,  t.  viii.,  p.  495,  1906,  bibl. 
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dilatation  of  the  heart,  and  with  chronic  diffuse  nttphritis  often  with 
atrophy.  The  arterial  changes  may  be  marked  in  the  liver  as  well  as  in 
the  kidneys. 

The  experimental  study  of  arterio-sclerosis  has  thrown  much  light 
on  the  subject  within  the  last  few  years.  But  into  this  we  cannot  enter 

here.' 
Periarteritis  Hodosa. 

A  few  cases  have  been  described  ia  which  many  of  the  small  arteries  in  the  muscles 
BDd  in  the  viscera  were  beset  with  small  white  knobs  projecting  from  the  side  or  sur- 

rounding the  vessels.  These  circumscribed  thickenings  of  the  vessel  walls  are  apt  to 
involve  all  the  layers  of  the  vessel,  and  may  encroach  upon  the  lumen.  The  thickened 
portions  are  inliltrated  with  small  spheroidal  cells.  Multiple  aneurisms  may  develop 
at  the  seat  of  the  local  thickening.* 

Flo.   354.— TUBEKCUU)tl8   ARTKIIITIS   IN   THB    LuNO. 
Showinc  ibe  earrDschmenl  of  an  sren  of  tuberculous  uiflBmmiilion  upon  Ibe  wall  of  tbe  sTIery. 

nnd  the  fommtian  of  a  man  partly  ocrLuilinR  the  lumen  of  the  vessel.     This  section  shows  how  the 

of  the  tuberele  bacilli  by  Ihi;  blood  and  the  eslAblisbmeiit  of  new  foci  in  various  parts  of  the  body. 

Tuberculous  Arteritis. — Tuberculosis  of  the  arteries  is  usually  second- 
ary, the  process  extending  to  their  walls  from  an  already  established 

focus  (Fig.  354).*  Tubercle  tissue  with  necrosis  may  involve  the  external 
layers,  while  an  obliterating  inflammation  often  closes  the  lumen.  Thus 
it  is  that  in  tuberculous  cavities  of  the  lungs  large  arterial  trunks  may 

imprehenaive  eonsideralioD  of  aiierio-aclenHls  with  tefenuaa  lo  experimentsl 
■  -   "  ■     ■  ■        •"  *■    '        •'       ■   "..  171,  I90B. 

I.  XV..  p.  581.  1S94;  abo  Gra/.  ibid.. 

rth.,  Bd.  elxiivi..  p.  I3S,  1006.  bibi. 
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be  laid  bare  (see  Plate  X.)  without  a  distribution  of  the  bacilli  through 

the  body  and  without  haemorrhage.  Tuberculosis  of  the  aorta  is  of  occa- 
sional occurrence.* 

Sjrphilitic  Arteritis. — In  the  more  characteristic  forms  of  this  lesion 
there  may  be  gummata  formed  in  the  walls.  Or  there  may  be  a  diffuse 

formation  of  new  cells  and  new  fibrous  tissue,  especially  in  the  adven- 
titia  of  the  vessels.  This  may  extend  to  the  middle  and  internal  layer 
and  lead  to  narrowing  of  the  lumen.  There  may  be  degeneration  and 
ulceration.  Such  lesions  may  be  circumscribed  or  extensive  and  may 

result  in  aneurism  or  rupture  or  closure  of  the  lumen.  ̂  
Save  for  the  occasional  formation  of  gummata  and  the  frequent 

development  of  considerable  new  polyhedral-celled  tissue  there  appear 
to  be  no  distinctive  morphological  characteristics  of  syphilitic  arteritis. 

ANEURISM. 

An  aneurism  is  a  dilatation  of  an  artery,  either  cylindrical,  fusiform, 
or  sacculated,  the  walls  consisting  of  all  or  part  of  the  coats  of  the  artery 
variously  altered. 

The  conditions  which  commonly  lead  to  aneurisms  are  arterio- 
sclerosis, either  with  or  without  associated  degeneration;  or  such  local 

weakening  of  the  walls  of  the  vessels,  from  various  causes,  as  often  leads 

to  compensatory  arterio-sclerosis,  but  in  which  protective  compensation 
does  not  take  place;  or  the  blocking  of  a  vessel  by  embolus  or  trauma. 
Aneurism  may  develop  at  the  point  of  partial  rupture  of  the  walls  of  an 
artery.  Aneurisms  may  follow  the  local  necrotic  and.  ulcerative  process 
in  the  walls  of  the  vessels  or  on  the  heart  valves  incited  by  infectious 
agents,  which  as  emboli  or  otherwise  have  reached  these  parts.  Such 

mycotic  aneurisms  are  frequently  multiple.' 
In  cylindrical  or  fusiform  aneurism  there  is  apt  to  be  at  first  a  disten- 

tion of  all  the  walls  of  the  vessel;  but  this  is  often  irregular,  so  that  the 
sac  may  bulge  more  in  one  place  than  in  another  (Fig.  355).  The  walls 

may  become  thin  or  through  new-formed  tissue  they  may  become 
thickened;  they  may  undergo  degeneration  or  calcification.  Such  aneu- 

risms are  most  frequent  in  the  aorta,  but  may  occur  in  other  vessels. 
In  the  sacculated  aneurism  there  is  either  a  dilatation  of  the  entire 

circumference  of  an  artery  over  a  short  portion  of  its  length,  or  there 
may  be  a  dilatation  of  only  a  small  portion  of  one  side  of  the  wall,  so 
that  the  aneurism  looks  like  a  swelling  attached  to  one  side  of  the  artery. 
The  aneurism  may  commence  as  a  dilatation  of  all  the  coats  of  the  vessel; 
but  the  middle  coat  soon  atrophies,  so  that  the  wall  is  composed  of  the 
inner  and  outer  coats;  or  the  inner  coat  is  destroyed  by  endarteritis,  so 
that  the  outer  coat  alone  forms  the  wall  of  the  aneurism;  or  thedilata- 

^Stroebe,  Centralbl.  f.  Path.,  Bd.  viii.,  p.  998,  1897,  bibl.  Consult  Blumer,  Am.  Jour.  Med.  Sci., 
vol.  cxvii.,  p.  19,  1899,  bibl.     For  bibl.  of  tuberculous  arteritis  see  ref.  Hektoen,  foot-note,  p.  559. 

2  For  a  careful  study  of  alterations  of  the  blood-vessels  in  syphilis  see  Abramow,  Ziegler's  Beitr.  z. 
path.  Anat.,  Bd.  xxvi.,  p.  202,  1899,  bibl.  For  a  review  of  syphilitic  aortitis  see  Fahr,  Virch.  Arch., 
Bd.  clxxvii.,  p.  508,  1904;  also  Chiari,  Verhl.  Deut.  path.  Gesellsch.,  Bd.  vi.,  p.  137,  1904. 

'  For  a  study  of  mycotic  aneurisms,  with  bibl.,  see  McCrae,  Jour,  of  Path,  and  Bact.,  vol.  x.,  p.  373 , 
1905. 
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tion  may  commence  at  the  seat  of  rupture  of  one  or  more  coats  of  the 
vessels.  As  the  aneurism  increases  in  size  it  may  press  upon  and  lead  to 
partial  destruction  of  neighboring  tissues  and  viscera,  so  that  portions  of 
these  tissues  and  viscera  may  take  the  place  of  the  wall  of  the  aneurism. 
The  cavity  of  the  aneurism  is  filled  with  fluid  or  clotted  blood,  or  with 

layers  of  fibrin  (Fig.  350)  which  adhere  closely  to  its  wall.  The  com- 

munication between  the  aneurism  and  the  'artery  may  be  small  or  large. 

If  arterial  branches  are  given  off  from  the  aneurism  they  may  remain 
open  or  become  plugged  with  fibrin;  or  their  walls  are  thickened  and 

their  cavities  narrowed  by  endarteritis.  Death  may  occur  by  the  pres- 
sure and  interference  of  the  aneurism  with  the  adjoining  viscera,  or  by 

rupture. 
Dissecting  aneurisms  are  tho.se  in  which,  owing  to  a  solution  of  con- 

tinuity of  the  inner  layers  of  the  artery,  the  blood  gets  between  the  media 
and  adventitia,  and  forces  its  way  for  a  greater  or  less  distance  between 

them.     Or  it  may  separate  the  media  into  two  layers.' 
Spurious  or  false  aneurisms  arc  most  frequently  connecte<l  with  ves- 

sels of  the  extremities.     When  an  artery  is  wounded  the  blood  escapes 

<  For  B  atuJy  o(  tllasErtini  ODeuriam  see  Adami.  Montreal  Med.  Jour.,  June  and  Joly.  IStMt. 
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into  the  surrounding  soft  parts,  and  a  cavity  is  formed  filled  with  blood 
and  broken-down  tiasuc. 

The  wound  in  the  artery  may  heal  and  the  effuHed  blood  be  absorbed; 
or  it  may  become  the  seat  of  secondary  inflammatory  processes. 

Finally  a  wall  of  fibrous  tissue  may  l>e  formed,  while  the  wound  of 
the  artery  remains  open,  so  that  there  is  an  aneurismal  sac  through 
which  the  blood  is  constantly  pouring.     This  is  called  &ful»e  aneurism. 

Aneurtsmol  Variz:  Varicose  Aneurism. — If  an  artery  be  wounded, 
and  at  the  same  time  the  vein  which  accompanies  it,  we  have  as  the  result 
the  conditions  called  aneurismal  varix  and  varicose  aneurism.     In  aneu- 

rismal varix  the  artery  and  vein  become  adherent  at  the  seat  of  injury,  so 
that  the  arterial  blood  passes  directly  into  the  vein.  There  is  a  smooth, 
rounded  opening  between  the  two  vessels,  the  vein  is  dilated  into  a  sac, 

and  the  veins  emptying  into  it  are  dilated  and  tortuous.  In  varicose  * 
aneurism  the  artery  and  vein  do  not  communicate  directly,  but  a  false 
aneurismal  sac  is  formed  between  the  vessels,  into  which  the  blood  is 
poured  before  passing  into  the  vein.  Varicose  aneurism  may  also  be 
formed  by  the  spontaneous  rupture  of  an  aneurism  into  a  vein.  The 
aneurism  presses  against  the  vein,  becomes  adherent,  and  finally  ruptures 
into  it.  This  condition  has  been  observed  between  the  aorta  and 

pulmonary  artery;  the  aorta  and  inferior  and  superior  vena  cava;  the 
popliteal  artery  and  vein;  the  femoral  artery  and  vein;  the  splenic 
artery  and  vena  azygos;  the  internal  carotid  and  sinus  cavernosus. 

Cirsoid  aneurism  is  one  formed  by  the  dilatation  and  lengthening  of 
large  or  small  arteries  or  arterial  tracts.     The  walls  of  the  arteries  are 
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thinned,  the  vessels  are  tortuous  and  in  places  sacculated.  These 
changes  are  most  frequent  in  small  arteries,  especially  the  temporal  and 
occipital.  They  involve  the  trunk  of  the  vessel  and  its  branches,  or 
may  extend  to  the  capillaries  and  small  veins.  They  form  larger  or 
smaller  tumors  beneath  the  skin. 

ANEURISMS  OF  THE  DIFFERENT  ARTERIES. 

The  aorta  may  be  dilated  over  its  entire  length,  or  there  may  be  diffuse 
or  circumscribed  dilatations  at  any  portion  of  its  course;  or  there  may 
be  several  aneurisms,  situated  at  different  points.  The  ascending  portion 
of  the  arch  of  the  aorta  may  be  uniformly  dilated  in  a  fusiform  shape 
(Fig.  355),  or  there  may  be  circumscribed  dilatations  on  its  anterior 
wall,  or,  more  rarely,  on  its  posterior  wall.  The  sacculated  aneurisms 
vary  in  size  and  may  rupture  ,within  the  pericardium;  or  they  may 
form  a  cavity  in  the  upper  part  of  the  ventricular  septum  and  commu- 

nicate by  openings  into  the  pulmonary  artery  and  left  ventricle;  or  they 
may  dilate  downward  between  the  visceral  and  parietal  pericardium,  in 
front  of  the  heart,  pushing  that  organ  backward.  They  may  perforate 
into  the  right  or  left  auricle  or  right  ventricle,  the  superior  vena  cava, 
or  the  pulmonary  artery;  or  they  may  reach  a  large  size,  press  on  and 
erode  the  right  side  of  the  sternum  and  adjoining  ribs,  project  under  the 

skin,  and  even  rupture  externally.* 
The  transverse  portion  of  the  arch  may  be  dilated  in  a  fusiform  shape, 

or  there  may  be  sacculated  aneurisms  at  any  point  in  its  wall.  The  sac- 
culated aneurisms  usually  reach  a  considerable  size.  They  press  on  the 

sternum  and  ribs  in  front,  or  on  the  oesophagus,  trachea,  and  bronchi 
behind.  The  large  arteries  given  off  from  the  arch  may  be  occluded. 
They  cause  death  by  pressure  on  the  air  passages,  the  oesophagus,  and 
the  vena  cava;  or  may  rupture  externally  or  into  the  oesophagus,  trachea, 
bronchi,  pulmonary  artery,  or  pleural  cavities. 

On  the  abdominal  aorta  aneurisms  are  usually  sacculated.  If  they 
are  situated  high  up  they  may  project  into  the  pleural  cavities;  if  lower 
down,  into  the  abdomen.  They  may  compress  and  displace  the  vis- 

cera, vessels,  and  nerves,  and  erode  the  vertebrae.  They  may  rupture 
behind  the  peritoneum,  into  the  peritoneal  cavity,  the  pleural  cavities, 

.  the  inferior  vena  cava,  the  bronchi,  the  lungs,  the  duodenum,  the  colon, 
the  pelves  of  the  kidney,  or  the  posterior  mediastinum.  Rupture  of  the 
aorta  with  the  development  of  a  long  dissecting  aneurism  parallel  to  the 

vessel  may  give  rise  to  a  condition  simulating  a  double  aorta. ^ 
The  coronary  arteries  may  be  dilated  throughout,  or  may  be  the  seat 

of  small  sacculated  aneurisms.'  These  may  rupture  into  the  pericardium, 
or  may  lead  to  rupture  of  the  heart  wall. 

The  pulmonary  arteries  are  rarely  the  seat  of  aneurisms.  Diffuse  and 
circumscribed  dilatations,  however,  sometimes  occur  on  the  main  trunk 

*  For  extension  of  aortic  aneurism  into  the  heart,  and  dissecting  aneurisms  of  the  heart,  see  Hektoen 
Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  127, 1901. 

2  See  case  reported  by  G.  P.  Biggs,  Proc.  New  York  Path.  Soc,  1897-98,  p.  109. 
'  Consult  Cappa,  Am.  Jour.  Med.  Sci.,  vol.  cxviii.,  p.  312,  1899,  h\h\.;2L)so  Griffith,  Brit.  Med.  Jour. 

February  2d.  1901,  p.  266,  bibl. 
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and  on  the  two  principal  branches  of  the  artery.  They  do  not  usually 
reach  a  large  size,  but  may  cause  death  by  rupture.  General  dilatation 
of  all  the  branches  of  the  pulmonary  artery  is  more  common.  It  is 
found  in  connection  with  stenosis  of  the  mitral  valves  and  with  compres- 

sion or  induration  of  the  lung  tissue.  Small  multiple  aneurisms — miliary 
aneurisms — may  occur  in  the  cerebral  arteries;  less  frequently  in  the 
pulmonary  and  mesenteric.  These  are  probably  due  to  some  congenital 
weakness  of  the  walls  at  the  point  of  formation  of  the  aneurism. 

Of  the  other  arteries  of  the  body  there  is  hardly  any  one  which  may 
not  become  the  seat  of  an  aneurism.*  ^ 

STENOSIS  AND  OBLITERATION  OF  THE  AORTA. 

This  lesion  near  the  entrance  of  the  ductus  arteriosus  has  been 
observed  in  a  considerable  number  of  cases.  The  degree  of  stenosis  varies. 
The  aorta  may  be  entirely  closed  and  converted  into  a  solid  cord  for  a 
half-inch;  or  there  may  be  a  constriction  through  which  there  is  a 
larger  or  smaller  opening.  The  walls  of  the  aorta  at  this  point  may  be 
thickened  and  sclerosed.  The  ductus  arteriosus  may  be  closed  or  open. 
Above  the  constriction  the  aorta  is  usually  dilated;  below  it,  it  is  normal, 
dilated,  or  stenosed. 

Stenosis  of  the  aorta  is  followed  by  hypertrophy  of  the  left  ventricle, 
and,  later,  of  the  right  ventricle,  with  venous  congestion  throughout  the 
body;  or  there  may  be  a  collateral  circulation  developed  between  the 
arteries  given  off  above  and  below  the  constriction;  or  there  may  be 
rupture  of  the  aorta,  the  right  ventricle  or  auricle. 

This  condition  is  found  at  all  ages,  but  is  induced  during  foetal  life 
or  in  the  first  year  of  extra-uterine  life.  It  is  probable  that  it  may  be 
caused  after  birth  by  an  abnormal  closure  of  the  ductus  arteriosus.  This 
vessel  normally  becomes  closed  without  the  formation  of  a  thrombus. 
If  a  thrombus  be  formed  it  may  extend  into  the  aorta  and  obstruct  it;  or 
the  ductus  arteriosus  is  filled  with  a  thrombus,  but  increases  for  a  time 
in  size;  afterward,  as  the  thrombus  is  absorbed,  the  vessel  contracts  and 
draws  the  walls  of  the  aorta  together. 

TUMORS  OF  THE  ARTERIES. 

Secondary  tumors,  chiefly  carcinomata  and  sarcomata,  may  occur  in 
the  walls  of  the  arteries  by  continuous  growth  from  without,  involving 
first  the  external  layers.  To  these  layers  they  are  usually  confined,  for 
the  density  of  the  inner  layers  affords  such  marked  resistance  to  the 
infiltration  of  the  tumor  cells  that  arteries  are  apt  to  pass  intact  through 
the  tumor,  which  grows  around  them.  More  frequently  the  arteries 
become  secondarily  involved  in  the  growth  of  malignant  tumors  by  the 
occurrence  within  them  of  emboli  formed  by  larger  and  smaller  masses  of 
tumor  cells. 

These  emboli  are  usually  of  small  size,  and  are  apt  to  get  into  the 

1  For  details  concerning  form,  distribution,  and  frequency  of  aneurisms  see  the  larger  works  on  the 
practice  of  medicine  or  surgery.  ' 
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circulation  by  growing  through  the  walls  of  the  veins  into  their  lumina. 
Large  emboli  from  tumors  are  most  apt  to  lodge  in  the  branches  of  the 
pulmonary  artery.  The  emboli,  formed  as  they  are  for  the  most  part 

by  cells  capable  of  growth  and  proliferation,  are*  apt  soon  to  form  con- nection with  the  walls  of  the  vessels,  and,  by  the  growth  into  them  of 
blood-vessels  from  the  vasa  vasorum,  to  find  the  conditions  necessarv 
for  their  development,  and  they  may  thus  soon  involve  the  entire  wall  of 
the  vessel  and  grow  out  into  adjacent  parts. 

The  Veins. 

DILATATION.     (Phlebectasia.) 

Dilatation  of  the  veins,  or  phlebectasia,  presents  itself  under  a  variety 
of  forms: 

1.  Simple  Dilatation. — The  vein  is  uniformly  dilated  in  a  cylindri- 
cal or  fusiform  shape;  its  length  is  not  increased;  its  walls  may  be  thicker 

than  normal  or  thinned;  the  valves  may  be  thickened,  or  are  insufficient, 
or  atrophic,  or  are  torn. 

2.  Cirsoid  Dilatation. — The  vein  is  cylindrically  dilated,  but  is 
also  increased  in  length,  so  that  it  assumes  a  very  tortuous  course.  The 
walls  may  be  thickened  or  thinned. 

3.  Varicose  Dilatation. — Portions  of  the  wall  of  the  vein  undergo 
saccular  dilatation.  The  wall  of  the  sac  is  formed  of  the  coats  of  the 

vein,  but  these  may  be  thickened  or  thinned;  the  middle  coat  may  dis- 
appear entirely.  There  may  be  only  one  such  dilatation,  or  there  may 

be  a  number  on  the  same  vein,  or  a  number  of  veins  may  be  affected  at 
the  same  time.  The  vein  may  be  otherwise  normal,  or,  more  frequently, 
is  more  or  less  uniformly  dilated. 

4.  Anastomosing  Dilatation. — A  number  of  contiguous  and 
anastomosing  veins  are  dilated,  both  in  the  cirsoid  and  varicose  forms. 
The  vein  then  looks  like  a  series  of  cavities  separated  by  thin  partitions. 
The  dilatations  of  the  same  vein  become  adherent  to  each  other  and  to 

those  of  the  adjoining  veins;  portions  of  the  walls  of  the  dilated  parts 
may  atrophy  so  that  there  may  be  a  number  of  cavities  containing  venous 
blood  and  separated  from  each  other  by  thin  partitions. 

Distribution,  Causes,  and  Effects  of  Phlebectasia. — There  is 
hardly  one  of  all  the  veins  of  the  body  which  may  not  be  dilated.  The 

haemorrhoidal  veins  forming  '' haemorrhoids " ;  the  veins  of  the  leg  and 
thigh;  those  of  the  pelvis  and  pelvic  viscera;  those  of  the  spermatic  cord, 
scrotum,  and  labia;  those  of  the  abdominal  wall;  those  of  the  neck  and 

arms — are  most  frequently  involved.  The  immediate  cause  of  dilatation 
is  usually  some  obstruction  to  the  passage  of  the  blood  through  the  veins 
toward  the  heart;  but  alterations  in  the  walls  of  the  vessels  from  degen- 

eration, inflammation,  or  injury  are  often  important  predisposing  factors. 
Spontaneous  restitution  of  dilatations  of  the  veins  is  not  common, 
and  usually  occurs  only  in  the  lesser  degrees  of  the  lesion.  The  tendency 
of  the  dilatation  is  to  increase.     Thrombi  frequently  form  in  the  dilated 
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veins,  and  either  partially  or  completely  fill  them.  These  thrombi 
may  become  organized,  or  they  may  dry  and  become  calcified,  forming 
phlebolithSj  and  by  the  formation  of  new  connective  tissue  in  the  walls 
they  may  become  enclosed  in  a  fibrous  capsule,  with  the  obliteration 
of  the  vessel.  The  wall  of  the  dilated  sac  may  become  so  thin  that  it 
finally  ruptures.  Inflammation  of  the  dilated  vein  may  occur,  followed 
by  fibrous  thickening.  When  occurring  in  mucous  membrane,  dilated 
veins  are  usually  associated  with  persistent  catarrh. 

WOUNDS— RUPTURE. 

Wounds  of  the  veins  usually  heal  by  a  simple  contraction  and  an 
adhesive  inflammation  of  their  walls;  sometimes  by  the  formation  of  a 
thrombus.  Rupture  of  the  veins  may  be  produced  by  severe  contusions 
and  crushings  of  the  body  and  by  violent  falls.  Perforation  of  a  vein 
may  be  produced  by  suppuration  of  the  soft  parts  and  the  invasion  of 
the  walls  of  the  vessel;  by  the  pressure  of  an  aneurism  or  of  a  new  growth; 
by  the  thinning  of  the  wall  of  the  vein  in  phlebectasia. 

THROMBOSIS. 

Thrombosis  of  the  inferior  vena  cava  has  been  many  times  recorded. 
It  is  usually  due  to  pressure  on  the  vessel  or  may  occur  as  an  extension 

of  thrombi  from  the  contributory  veins. ^ 
Thrombosis  of  the  superior  vena  cava  usually  follows  pressure  from 

without  by  tumors,  aneurisms,  or  enlarged  lymph-nodes. 
Thrombosis  of  other  large  venous  trunks  may  occur  under  various  local 

and  general  conditions  (see  below.  Thrombosis  and  Phlebitis,  and  p.  24).' 

DEGENERATION. 

Fatty  degeneration  and  calcification  may  occur  in  the  walls  of  the  veins 
under  conditions  similar  to  those  in  which  these  changes  take  place  in 
the  arteries. 

INFLAMMATION.     (Phlebitis.) 

Inflammation  of  the  veins,  phlebitis^  may  involve  chiefly  the  external 

layers — periphlebitis;  or  the  internal — endophlebitis;  or,  as  is  very  fre- 
quently the  case,  the  entire  wall  may  be  afifected.  Phlebitis  may  be  due 

to  an  infectious  thrombus,  to  injuries,  or  to  an  infectious  inflammation 
of  the  surrounding  tissues.  Thrombosis  of  the  vein,  either  primary  or 
secondary,  is  a  very  constant  accompaniment  of  phlebitis.  Thrombosis 

and  phlebitis  are  not  infrequent  in  association  with  or  following  infec- 
tious diseases,  in  cachectic  conditions,  and  with  rheumatism  and  gout. 

Acute  infective  phlebitis  may  follow  a  suppurative  periphlebitis.  The 
outer  layers  of  the  vein  wall  are  congested,  swollen,  infiltrated  wnth  serum 

^  For  a  case  of  complete  fibrous  obstruction  of  superior  and  inferior  venie  cavse  see  Meyer,  Mt.  Sinai 
Hosp.  Rep.,  vol.  iii.,  1903,  p.  35. 

2  For  a  consideration  of  peripheral  venous  thrombosis  in  heart  disease  consult  Welch,  Trans.  Assn . 
Am.  Phys.,  vol.  xv.,  p.  441,  1900,  bibl. 
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and  pus.  The  inner  coats  may  become  infiltrated  with  pus;  they  may 
become  necrotic  and  disintegrate.  A  thrombus  is  constantly  formed 
under  these  conditions,  which  may  for  a  time  stop  the  circulation  and 
keep  the  products  of  inflammation  and  degeneration  and  infectious 
material  from  mixing  with  the  blood;  but  the  thrombus  itself  is  prone  to 
disintegration,  and  thus  the  exudates  and  fragments  of  disintegrated 
thrombi  or  tissue  or  bacteria  may  enter  the  circulation. 

On  the  other  hand,  owing  to  the  presence  of  irritating  or  infectious 
material  within  the  vein,  and  the  formation  of  a  thrombus,  the  inflamma- 

tory process  may  be  at  the  commencement  an  endophlebitis,  but  usually, 
if  the  inflammation  be  at  all  severe,  the  entire  wall  of  the  vessel  is  even- 

tually involved. 
Acute  phlebitis  may  terminate  in  the  absorption  of  the  thrombus  and 

the  return  of  the  vein  to  its  normal  condition,  or  in  the  obliteration  of 
the  vein.  The  pyogenic  cocci,  the  typhoid  bacillus,  the  pneumococcus, 
and  several  other  micro-organisms  have  been  found  in  phlebitis.     In  the 

Fio.  357. — Tuberculous  Phlebitis. 
The  section  is  from  one  of  the  puhnonary  veins  in  a  child  dead  of  acute  general  miliary  tuberculosis. 

phlebitis  with  thrombosis,  which  frequently  complicates  infectious  dis- 
eases such  as  typhoid  fever,  pneumonia,  etc.,  the  bacteria  present  are 

frequently  not  those  which  are  the  excitants  of  the  primary  disease. 
The  most  important  results  of  phlebitis  are  usually  those  which  depend 

upon  the  introduction  into  the  blood  of  infectious  or  other  emboli  (see 

p.  28).  The  relationship  between  non-infectious  thrombi  and  phlebitis 
is  in  many  cases  not  clear.  ̂  

Chronic  periphlebitis  results  in  thickening,  principally  of  the  outer 
coats  of  the  veins,  but  the  inner  coats  may  also  be  involved.  The  sur- 

rounding tissue  may  also  be  thickened  and  coalesce  with  the  walls  of  the 
vein.     There  may  or  may  not  be  thrombosis. 

Chronic  endophlebitis  is  a  not  very  common  lesion,  of  the  same  general 
character  as  chronic  endarteritis,  with  which  it  is  often  associated. 
More  or  less  circumscribed  patches  of  new  connective  tissue  are  formed 
in  the  inner  coats,  which  may  undergo  fatty  or  calcareous  degeneration. 

1  Consult  in  this  connection  WeUh  on  "Thrombosis,"  AUbutt's  "System  of  Medicine,"  vol.  vi.,  p- 170. 
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Tuberculous  inflammation  of  the  walls  of  the  veins  may  occur  as  an 
extension  of  the  process  from  without  or  from  a  lodgment  of  the  tubercle 
bacilli  in  the  blood  current  on  the  intima  (Fig.  357).  This  is  not  infre- 

quent in  the  pulmonary  veins,  and  Weigert  has  called  attention  to  the 
fact  that  in  acute  miliary  tuberculosis  the  growth  of  tubercle  tissue  into 
the  lumina  of  these  veins  from  tuberculous  lymph-nodes. is  of  frequent 
occurrence  and  readily  explains  the  topography  and  mode  of  occurrence 
of  the  general  disease.  The  tubercle  bacilli  which  are  present  in  the 
tuberculous  tissue  growing  into  the  lumen  of  the  veins  find  thus  an  easy 
distribution.* 

Syphilitic  inflammation  may  involve  the  walls  of  the  veins  either  as 
gummy  tumors  or  as  more  diffuse  thickenings. 

TUMORS. 

Primary  tumors  of  the  veins  are  rare.  Small  leiomypmata  have  been 
described  in  the  saphenous  and  ulnar  veins.  A  myo-sarcoma  as  large  as 

a  man's  fist  has  been  described,  situated  in  the  dilated  vena  cava  inferior. 
The  veins  are  not  infrequently  secondarily  involved  by  sarcomata  and 
carcinomata,  and  sometimes  by  chondromata.  The  thin  walls  of  the 
veins  offer  comparatively  little  resistance  to  the  encroachment  of  malig- 

nant tumors,  which  thus  gain  access  to  the  circulation  and  may  form 
metastases  in  various  parts  of  the  body. 

PARASITES. 

Echinococcus  is  sometimes  found  in  the  veins,  having  either  devel- 
oped there  or  perforated  from  without. 

Two  species  of  distoma  {liver  fluke)  occur  in  man.  D.  hepaticum 
occurs  rarely  and,  while  usually  found  in  the  bile-ducts,  may  occur  in 
the  vena  cava.  D.  hcematobium  is  very  common  in  man  in  Egypt  and  in 
other  parts  of  Africa,  and  usually  occurs  in  the  portal  vein  or  its  branches, 
and  frequently  in  other  veins. 

The  Capillaries. 

The  walls  of  the  capillaries  are  so  thin  and  so  intimately  connected 
with  the  surrounding  tissues  that  their  lesions  are  studied  most  appro- 

priately among  the  diseases  of  the  several  organs.  Dilatation  of  the 
new-formed  capillaries  in  tumors,  granulation  tissue,  etc.,  fatty  amyloid 
and  hyaline  degeneration  of  their  walls,  and  capillary  aneurisms,  may 
be  mentioned  here  as  readily  observed  lesions  occurring  under  a  variety 
of  conditions.  Angiomas  and  telangiectases,  usually  congenital,  are 
occasionally  seen. 

The  changes  which  we  assume  to  occur  in  the  walls  of  the  smaller 
veins  and  capillaries  in  exudative  inflammation,  by  reason  of  which 
fluids  and  blood  cells  pass  through  them,  are  not  yet  sufficiently  under- 

stood to  be  described  with  definiteness. 

*  See  references  under  "Miliary  Tuberculosis,"  p.  252. 
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The  Lymph-Vessels. 

General  Characters  of  the  Ljrmph -Vessels. 

The  smaller  lymph-vessels  can  hardly  be  treated  as  independent  structures,  since 
their  walls  are  so  closely  joined  with  the  tissues  through  which  they  pass.  It  is  per- 

haps wiser  to  follow  the  suggestion  of  Adler  and  Meltzer^  and  call  the  spaces  of  the  con- 
nective and  other  tissues  into  which  transudations  from  the  smaller  blood-vessels 

takes  place,  not  lymph  radicles  or  ''lymph  capillaries"  as  is  commonly  done,  but  to 
consider  them  tissue  spaces  from  which  the  transudates  of  varying  composition  are 

gathered  into  the  lymph-vessels.  But  the  larger  lymph- vessels  we  find  the  seat  of 
various  more  or  less  independent  lesions. 

LYBIPHAIfGIECTASIS. 

Dilatation  of  the  lymph-vessels  occurs  under  a  variety  of  conditions. 
It  may  be  congenital,  or  it  may  be  due  to  some  hindrance  to  the  flow  of 

lymph  onward — es  by  pressure  from  any  cause,  or  from  the  occlusion  of 
the  vessels  by  inflammation.  If  the  dilated  vessels  form  a  circumscribed 
mass,  this  is  often  called  a  lymphangioma  (Fig.  240).  In  certain  forms 
of  elephantiasis  and  in  macroglossia  the  dilatation  of  the  lymph-vessels  is 
an  important  factor.  Its  occurrence  is  not  infrequent  in  the  labia,  pre- 

puce, and  scrotum.  Dilatation  of  the  chyle  vessels  may  occur  in  the 
mucous  membrane  of  the  intestine  and  in  the  mesentery.  Filarial  lym- 

phatic varix  is  of  occasional  occurrence.^ 
Obstruction  of  the  thoracic  duct  may  be  due  to  tumors,'  or  enlarged 

lymph-nodes,  or  inflammatory  processes  in  the  mediastinum;  to  aneu- 
rism, to  thrombosis  of  the  left  innominate  vein,  to  insufficiency  of  the 

tricuspid  valve;  or  to  inflammatory  processes  in  the  wall  of  the  duct.  It 
may  occur  under  various  other  conditions.  It  may  be  compensated  by 

collateral  lymphatic  anastomoses,  or  it  may  lead  to  various  lymph- 
angiectasia? and  to  transudation  of  lymph.  Thus  chylous  ascites  may 

occur. 

Congenital  doubling  or  division  and  other  abnormalities  of  the  tho- 
racic duct  are  recorded.^ 

LYIIPHORRHAGIA. 

If  through  injury,  necrosis,  or  other  pathological  process,  the  walls 
of  the  lymph  channels  suffer  solution  of  continuity  the  lymph  may  escape 
into  surrounding  tissues  or  spaces.  Thus  upon  the  surface  of  the  skin 

or  into  loose  connective-tissue  spaces  or  into  the  great  body  cavities, 
lymph  may  be  poured  out.  A  chylous  hydrothorax  or  chylous  ascites 
may  occur  from  a  rupture  of  the  thoracic  duct  or  its  radicles. 

THROMBOSIS. 

Thrombi  may  form  in  the  lymph-vessels  by  the  coagulation  of  the 
lymph  or  by  the  deposition  of  fibrin  on  the  walls  of  the  vessels  at  the  seat 

*  Adler  undM eltzer.  Jour.  Exp.  Med.,  vol.  i.,  p.  482.  1896. 
2  See  Opte,  "Filarial  Lymphatic  Varix,"  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  331,  1901. 
'  For  bibliography  of  carcinoma  involving  the  thoracic  duct  see  A.  H.  Smith,  Med.  Record,  vol.  Ivi., 

p.  813,  1899. 
*  Butler,  Jour.  Med.  Res.,  vol.  x.,  p.  ISJi,  1903,  bibl. 
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of  degeneration  or  inflammation.  These  lymph  thrombi  are  formed 
largely  of  fibrin  and  leucocytes.  Such  thrombi  may  cause  disturbances 

of  the  lymph  circulation  or  portions  of  them  may  become  detached,  form- 
ing emboli. 

nfFLAMMATIOn.     (Lymphangitis.) 

Acute  Infective  L3nnphangitis. — Inflammation  of  the  larger  lymph- 
vessels  is  usually  secondary  and  often  connected  with  an  infected  wound 
or  injury.  Owing  to  the  entrance  into  the  lymph  trunk  of  bacteria  or 
other  infectious  agents,  poison  of  venomous  reptiles,  insects,  etc.,  the 
vessels,  sometimes  for  a  considerable  distance  away  from  the  wound, 

become  red,  tender,  and  painful.  Under  these  conditions  the  appear- 
ances which  the  vessels  present  vary.  In  some  cases  the  redness  dis- 

appears after  death  and  we  find  no  appreciable  alteration.  In  other 
cases,  the  walls  of  the  lymph-vessels  are  more  or  less  densely  infiltrated 
with  pus  cells,  there  is  proliferation  of  the  endothelium,  and  the  lumen 
may  contain  variable  quantities  of  pus  and  fibrin  and  desquamated 
degenerated  endothelium.  The  vessel  may  be  occluded  by  a  thrombus. 
The  tissue  about  the  vessels  may  also  be  infiltrated  with  serum  and  pus. 
These  lesions  may  undergo  resolution  and  the  vessel  be  restored  to  its 
normal  condition;  or  the  vessel  wall  and  surrounding  tissue  may  die  or 

become  involved  in  abscess;  or  new^  connective  tissue  may  form  in  and 
about  the  vessel,  sometimes  with  obliteration  of  its  lumen.  The  asso- 

ciated lymph-nodes  may  participate  in  the  inflammatory  process. 
Tuberculous  Lymphangitis. — Tuberculous  inflammation  occurs  both 

in  large  and  small  lymph-vessels.  Miliary  tubercles  and  diffuse  tubercle 
tissue  may  form  in  the  walls  and  project  into  the  lumen  of  the  larger 

trunks;  or  in  the  smaller  vessels  the  new  grow'th  may  entirely  fill  the 
lumen,  and  grow  within  it,  with  more  or  less  involvement  of  the  walls. 

This  may  occur  independently,  but  it  is  most  frequently  seen  in  connec- 
tion with  tuberculous  inflammation  of  adjacent  tissues.  Thus  from 

tuberculous  lymph-nodes  in  the  vicinity  of  the  thoracic  duct  there  may 
be  a  direct  extension  of  the  tuberculous  inflammation,  an  involvement 
of  the  walls  of  the  duct,  and  a  growth  of  tubercle  tissue  into  its  lumen. 
Such  growths  in  the  thoracic  duct  have  been  shown  by  Weigert  to  occur 
in  acute  general  miliary  tuberculosis  (see  p.  252).  In  the  vicinity  of 
tuberculous  ulcers  in  the  intestines,  furthermore,  we  often  see  the  sub- 

serous lymph- vessels,  which  pass  from  the  vicinity  of  the  ulcers,  distended 
with  the  products  of  tuberculous  inflammation  and  looking  like  dense 
white  knobbed  cords  (Fig.  435). 

Syphilitic  lymphangitis  not  infrequently  occurs  in  the  vicinity  of 
syphilitic  ulcers  in  the  primary  stage.  In  later  stages  there  may  be 
thickening  of  the  walls  of  the  vessels  and  the  development  of  gummy 
tumors  in  and  about  them. 

TUMORS. 

The  relation  of  the  endothelium  of  the  lymph-vessels  and  spaces  to 
endotheliomata  has  been  already  mentioned  in  the  section  on  Tumors. 

37 
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The  dissemination  of  malignant  tumors  through  the  lymph  channels 
is  of  frequent  occurrence,  and  is  particularly  marked  in  the  case  of 
carcinoma.  In  the  vicinity  of  carcinomata  the  lymph-vessels  are  not 
infrequently  crowded  with  the  tumor  cells,  forming  white,  irregular 
cords;  or  small  masses  of  the  tumor  cells  may  be  found  in  the  lymph- 
vessels,  either  near  to  or  remote  from  the  tumor.  White,  irregular 
networks  are  often  formed  in  this  way  beneath  the  pleura  in  carcinoma  of 
the  lung,  or  beneath  the  capsule  of  the  liver.  Transverse  sections  of 
lymph-vessels  thus  distended  show  sometimes  swelling  and  detachment 
of  the  endothelium  and  a  crowding  of  the  lumen  with  tumor  cells. 



CHAPTER  VI. 

THE  RESPIRATORY  SYSTEM.' 

The  Nose  and  its  Associated  Cavities. 

Thb  mucous  merobraoe  lining  the  nose  under  normal  conditions  cleanses  from  dust 
the  air  which  impinges  upon  and  sweeps  across  it  in  respiration.  It  is  in  this  way 
exposed  to  various  deleterious  agencies.  It  is  subject  also  to  such  sudden  changes  o[ 
temperature  as  may  involve  great  and   abrupt   alterations  in  the  condition  of  its 

HALFORHATlOns. 

Absence  or  deformity  of  the  nose  or  some  of  its  parts,  deviations  of 
the  septum,  clefts,  usually  associated  with  cleft  palate  and  harelip  (Figs. 
176  and  176),  are  among  the  more  frequent  of  the  congenita!  anomalies 
of  the  nose. 

HjEHORRHAGE.     (Epistaxia.) 

This  may  result  from  injury;  if  may  be  an  expression  of  local  or 
general  hypenemia  from  cardiac  or  vascular  lesions,  obstruetion  of 
vessels,  etc.  It  not  infrei|uently  occurs 
in  an  early  stage  of  acute  infections, 
such  as  typhoid  fever.  It  may  accom- 

pany general  conditions  such  as  lia^mo- 
philia,  pernicious  ana>mia,  etc.  Epis- 
taxia  may  result  from  lesions  of  the 
nasal  mucous  membranes,  ulcers,  telan- 

giectasis, etc, 

niFLAHHATIOn.     (Rhinitis.) 

Acute  catarrhal  inflammation  is  com- 
mon and  often  as30ciate{l  with  a  similar 

process    in    the   pharyn.x    and     larynx. 

There  is  at  first  a  hypera'mic  swelling 
followed  by  an  increased  production  of 
mucus  and  transudation  of  serum  from 

the  blood-vessels;   emigration-  of  leuco- 
cytes  and  desquamation  of  epithelium  p^  35r._c*tarbh*l  Inflahh*- 

may  follow.     This  and  other  infiamma-     "on  or  thb  Mvcoub  Meubrank  of 

tory  processes  may  extend  to  the  fron-        shoB-ing  migration  of  leucmytes 
tal  sinuses  and  the  antrum,  where  the  through  tbe  epitbeiium. 
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exudates  may  collect  (Fig.  358),  As  the  process  resolves,  the  exudation 
ceases,  the  epithelium  regenerates,  and  the  mucosa  is  restored  to  its 

norma!  condition.' 
Pseudo -membranous  inflammatloa,  either  simple  or  diphtheritic, 

may  involve  the  nasal  cavities.  Phlegmonous  inflammation  involving 
adjacent  parts  is  of  occasional  occurrence.  Bacteria  apparently  play 
an  important  part  as  excitants  of  acute  catarrhal  and  pseudo-membranous 

inflammation.' 

■      FiQ.  350.— Mucous  Poltf  or  tbi  Nobe. 

Chronic  catarrhal  inflammation  may  follou'  the  acute  form,  and  is 
marked  by  hyperplasia  of  the  fibrous  tissue  in  the  submucosa,  often 
followed  by  atrophy  of  the  mucosa.  Ulceration  of  the  mucosa  may- 
occur;  the  exudate  may  assume  a  fetid  character.  A  hyperplasia  of  the 

mucosa  may  lead  to  the  formation  of  the  so-called  mucous  polyps'  (Figs. 
359  and  3*30).  These  often  contain  hyperplastic  mucous  glands  and 
they  arc  often  cedematous. 

Tuberculous  and  syphilitic  inflammatlott  with  the  usual  morpholog- 
ical characters  of  these  processes  are  common  in  the  nasal  cavities. 

.  study  of  the  pollea  of  pluita  as  excitants  of  hay  fever  wr  Lirfmann.  Zcits.  f.  Hyg..  etc. 
-■   *ith  Dunbnr  Bcmni  trentinent  sec  6Vfw.  Jour,  of  Hyg..  voL 

tal  inflnrnmotiiiii  sec  Ho<rani  uid  fngerioll.Am.  Jour. Med. Sci.. 
jria  of  the  uose,  Krumann.  Zeita.  (.  Hyg.,  rte..  Bd.  xl.,  p.  33, 
,  Rd.  xxivil..  |).  1,  bibl..  lUOfl.     For  a  study  of  the  lymph- 
^reh.  f,  AubI.  u.Phys.,  1901,p.  7.5, 
(  the  nulure  of  (he  ordinaiy  niBnl  polyps  see  WrielU,  Med. 

jtlvu    p    1S3 IB04,  luicl  fo 

3.  38S'.  ie04.  ' >  For  a  study  < )f  the  hncterl. 
Has.     See  nlo 

Ha»la<ifT.  a il.  f.  Bnk..  I, 
elsofthsDose 

nndphao-n* 
inl,  vol,  U»„  1 >.  \3i.  1901.  1 
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TDHORS. 

Aside  from  the  nasal  poljrps  which  may  bo  adeiioinatou»  in  character, 
the  most  common  tumors  are  epithelioma  and  sarcoma. 

Dermoid  cysts  have  been  described. 

Adenoids. — ^In  children,  especially  when  ill-nourished,  there  is  often 
a  hyperplasia  of  the  lymphoid  tissue  of  the  posterior  pharyngeal  region. 
This  is  often  associated  with  nasal  or  pharyngeal  catarrh.     These  new 

growths  form  irregular  projections  or  lobular  masses  (Figs.  359  and  360), 

often  bloclcing  the  naso-pharyngeal  passage.  These  hyperplasias  are 
covered  with  squamous  or  columnar  epithelium.  They  are  called 

"adenoids."  Some  of  these  j(Crowths  are  tuberculous;  others,  without 
obvious  morphological  tubercles,  contain  tubercle  bacilli.' 

The  Pharynx. 

The  lesions  of  the  pharynx  similar  to  those  just  described  as  involving 
the  nasal  cavities  are  reviewed  on  p.  647. 

The  Larynx  and  Ttachea. 

HaUonnatioiis. 

The  larynit  and  trachea  may  be  attsent.  The  larynx  may  be  abnormally  large  or 
email;  the  epiglottis  also  may  be  too  large  or  too  small,  or  may  be  cleft.  There  may 
be  communicaCiona  l>etween  the  trachea  and  the  cpsophagua,  and  then  the  pharynx 

generally  ends  in  a  cul-de-sac,  and  the  teaophagua  opens  into  the  trachea.     There  may 

>  I,anieau  nnd  Nicott.  Amer.  Jour.  Med.  Sci,.  vol.  cxiiii.,  p.  lOlil.  1902. 
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be  imperfect  closure  of  the  original  branchial  arches,  so  that  there  are  fissures  in  the 
skin  leading  into  fistula?  which  open  into  the  pharynx  or  trachea.  The  fissure  in  the 
skin  is  small  and  is  situated  about  an  inch  above  the  stemo-clavicular  articulation, 
usually  on  one  or  both  sides,  more  rarely  in  the  middle  line.  Individual  cartilages,  as 
the  epiglottis,  or  one  or  more  rings  of  the  trachea,  may  be  absent,  or  there  may  be 
supernumerary  rings.  The  trachea  may  divide  into  three  main  bronchi  instead  of 
two,  and  in  that  case  two  bronchi  are  given  ofT  to  the  right  limg  and  one  to  the  left. 
The  trachea  may  be  on  the  left  side  of  the  oesophagus  or  behind  it. 

HiEMORRHAGE. 

In  trauma  and  acute  inflammatory  processes,  in  syphilis  and  tubercu- 
losis, and  when  tumors  are  present,  especially  carcinoma  and  some  forms 

of  vascular  papilloma,  there  may  be  haemorrhage  from  the  larynx. 
It  may  occur  also  under  the  general  favoring  conditions,  such  as  haemo- 

philia, scurvy  and  various  abnormal  conditions  of  the  circulation  leading 

to  local  or  general  hyperaemia.^ 

(EDEMA  OF  THE  GLOTTIS. 

This  is  a  condition  in  which  there  is  an  accumulation  of  serous  fluid 
in  the  submucosa  of  the  upper  part  of  the  larynx.  This  may  be  due  to 
simple  circulatory  disturbances,  local  or  general,  or  it  may  be  inflamma- 

tory in  character.  The  greatest  accumulation  of  fluid  is  in  places  in 
which  the  submucous  tissue  is  abundant  and  loose  in  texture,  as  in  the 

posterior  wall  of  the  epiglottis,  in  the  ary-epiglottidean  folds,  and  in  the 
false  vocal  cords.  The  swelling  of  these  parts  may  be  so  great  as  to 
occlude  the  air  passage.  After  death  the  oedematous  swelling  may 
largely  disappear,  but  the  mucous  membrane  may  be  left  unusually 
wrinkled  and  flabby. 

(Edema  of  the  glottis  is  comparatively  infrequent  in  association  with 
such  heart,  kidney,  and  lung  lesions  as  lead  to  general  cedema.  It  is,  on 
the  contrary,  frequent  in  connection  with  various  forms  of  laryngeal 
inflammation.  It  may  occur  in  drunkards  or  others  who  are  poisoned 
and  fall  asleep  in  a  sitting  posture  so  that  the  head  drops  sharply  forward 
with  constriction  of  the  neck.  Under  these  conditions  the  individual 

may  die  from  asphyxia  with  no  obvious  lesion  accounting  for  it  other 
than  the  oedema  of  the  glottis. 

INFLAMMATION.     (Laryngitis.) 

Acute  Catarrhal  Laryngitis. — This  occurs  as  an  independent  process 
in  common  ''colds.''  It  may  be  a  complication  of  the  infectious  dis- 

eases, or  may  be  induced  by  the  inhalation  of  irritating  vapors  and  of 
hot  steam  and  smoke.  The  inflammation  varies  in  its  intensity  in  dif- 

ferent cases.  The  mucous  membrane  is  at  first  congested,  swollen,  and 
dry;  then  the  mucous  glands  become  more  active  and  an  increased  quan- 

tity   of    mucus   is  formed.     There  is  desquamation  of  the  superficial 

1  For  a  study  of  hDemorrhage  of  the  larynx  see  Rhodes,  Jour.  Amer.  Med.  Assn.,  vol.  xliii.,  p.  1284, 
1904. 
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epithelial  cells,  while  through  emigration  leucocytes  may  infiltrate  the 
submucosa,  and  together  with  mucus  and  desquamated  epithelium  form 
the  exudate.  There  may  be  cedema  of  the  glottis.  All  of  these  lesions 
may  disappear  with  complete  restoration  of  the  mucous  membrane. 

After  death  the  congestion  of  the  mucous  membrane  marking  an 
acute  form  of  the  disease  frequently  disappears  altogether. 

Chronic  Catarrhal  Laryngitis. — This  may  follow  repeated  attacks  of 
acute  inflammation  or  be  the  result  of  the  persistent  inhalation  of  harm- 

ful substances.  It  may  accompany  chronic  hyperemia  from  cardiac 
or  vascular  lesions.     It  may  be  associated  with  syphilis  and  tuberculosis. 

The  surface  of  the  mucous  membrane  is  dry  or  coated  with  muco-pus. 
The  epithelium  is  thickened  in  some  places,  thinned  in  others,  or  in 
places  entirely  destroyed.     The  submucosa  may  be  infiltrated  with  cells, 

diffusely  thickened,  or  form  little  papillary  outgrowths;  it  may  be 
thinned,  or  necrotic  and  ulcerated. 

The  mucous  glands  may  be  swollen  and  prominent.  The  inflamma- 
tion may  extend  to  the  perichondrium  of  the  cartilages,  which  may 

become  necrotic.  In  chronic  laryngitis  there  may  be  a  more  or  less 
diffuse  thickening  of  the  epithelium,  often  associated  with  a  hyperplasia 
of  the  submucous  tissue.  This  is  called  pachydermia  diffusa.  A  sim- 

ilar process,  if  locahzed,  may  lead  to  larger  and  smaller  wart-like  excres- 
cences— pachydermia  rcrrucosa  (Fig.  361). 

Pseudo -membranous  Laryngitis  (Croupous  Laryngitis). — This  occurs 
most  frequently  as  the  characteristic  local  lesion  in  diphtheria,  of  which 
the  Bacillus  diphtheria  is  the  excitant  (see  p.  282).  It  may,  however, 
be  incited  by  the  Streptococcus  pyogenes  and  other  bacteria,  and  not 
infre(|uently  accompanies  other  infectious  diseases,  scarlatina,  typhoid 
fever,  and  the  exanthemata  (see  p.  303).  The  false  membrane  may 
be  continuous  with  a  similar  structure  in  the  pharynx,  and  it  may  extend 
down  into  the  bronchi  (Fig.  362). 
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Phlegmonous  Laryngitis.— Suppurative  inflanimfttion  involving  the 
mucosa  and   submucosa  is  usually  set-ondary  to  catarrhal,   croupous, 
tuberculous,  or  syphilitic  laryngitis;  or  it  may  be  associated  with  pyaemia, 
erysipelas,    smallpox,    or   typhoid    fever.     It    may   follow    mechanical 

injury  from  a  foreign  body.     It  ia 
not  uncommon  on  the  posterior  sur- 

face of  the  epiglottis  or  in  the  ary- 

epiglottidean  folds,  and  may  be  as- 
sociated with  cedema  of  the  glottis. 

Abscesses  may  form  which  rupture 
into   the  larynx,   or  they  may  ex- 

tend into  the  neck  or  the  pharynx 
or  cesophagus. 

Tuberculous  Laryngitis. — This 
lesion  is  most  fretiuently  associated 
with  pulmonary  tuberculosis.  Early 
in  the  process  there  is  a  formation 
in  the  submucosa  of  miliary  tuber- 

cles together  with  more  or  less  new 
small-celled  tissue;  with  this  is  a 
catarrhal  inflammation  with  an  exu- 

date of  mucus,  pus  cells,  and  des- 
quamated epithelium. 

As  coagulation  necrosis  of  the 
subepithelial  tubercles  occurs,  ulcers 
are  formed,  often  with  an  increase 

of  the  catarrhal  exudate.  The  proc- 
ess may  extend  so  as  to  involve  the 

walls  of  the  larynx,  and  necrosis  of 
the  cartilages  may  follow.  Adjacent 
ulcers  may  become  confluent  so 
that  considerable  areas  of  the  mu- 

cous membrane  may  be  destroyed 

(Fig.  303). 
Syphilitic  LaryngitiB.— This  form 

of  inflammation  may  have  the  ordi- 
nary characters  of  an  acute  or  chronic 

catarrhal  inflammation,  or  it  is  pro- 
ductive in  character  with  the  forma- 

FlO.    3B2.— DlPHTHEBlA    OFTHK  LiHINX  AND  ..  ,  a.'  ■         ±1  L  C 

TmcHE*,  tmn  of  new  tissue  m  the  stroma  of 
The  raembrBne  eitMida  from  the  epiglottis       the  mucous  membrane.      Tliis  new 

wB  to  I      1  urmiion  o  (  c  trac  en.  tissuo    is    principally    composed   of 
small  cells,  which  often  degenerate 

and  become  necrotic.  In  this  way  the  mucous  membrane  of  the  larynx 
and  the  tissues  beneath  are  thickened  in  some  places  and  destroyed  in 
others,  giving  rise  to  erosions  and  ulcers.  These  changes  are  especially 
marked  in  the  upper  portion  of  the  larynx.  If  the  perichondrium  be 
involved  there  may  be  necrosis  of  the  laryngeal  cartilages.     Owing  to 
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the    cicatricial    contractions  of  healed  syphilitic  ulcers  there   may  be 
great  {leformity  of  the  larynx. 

Leaions  of  the  trachea  are  often  associated  with  those  of  the  larynx 
and  are  in  general  similar  in  character. 

TUMORS  OF  THE  LARYNX  ASD  TRACHEA. 

RetentiOD  cysts  of  the  mucous  glands  of  the  larynx  may  form  sacs 
projecting  into  its  cavity. 

PaplUoou,  single  or  multiple,  is  the  mo-st  common  form  of  benign 
tumor  of  the  larynx  (Fig.  364).  It  is  most  frequent  upon  the  vocal  corda 
and  is  usually  associated  with  chronic  inflammation.  Adenoma,  fibroma, 
lipoma,    myxoma,     and     angioma    occasionally    occur.     Cbondromata 

The  pMlfrior  surface  of  the  epiglotliB  and  Ihr  adjscem  linue  are  involved  In  tuberculous  ulcen. 

grow  from  the  normal  cartilages  and  are  usually  multiple  and  sessile. 
They  may  project  into  the  cavity  of  the  larynx. 

Fusiform  or  spheroidal-celled  sarcomata  of  the  larynx  have  been  seen 
in  a  considerable  number  of  cases,  both  in  children  and  in  adults. 

Carcinomata,  usually  the  opitheliomatous  type,  may  originate  in  the 
larynx,  most  commonly  upon  the  false  vocal  conls.  But  from  adjacent 
structures,  usually  from  the  cesophagus,  cancer  may  inva<le  the  larynx. 

In  the  trachea  tumors  are  of  rare  occurrence,  but  occasional  examples 
of  growths  similar  to  those  in  the  larynx  have  been  found.     Tuberculous 
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and  otherwise  altered  bronchial  lymph-nodes  may  by  ulcerative  processes 
enter  and  obstruct  the  trachea. 

Single  or  multiple  amyloid  masses,  often  associated  with  cartilage, 

have  been  described  in  the  lar>-nx  and  trachea.' 

The  Bronchi  and  Lungs. 

The  Bronchi. 

HiEMORKHAGE. 

In  haemorrhage  from  the  bronchi  the  source  of  the  blood  is  oiten  to 
be  sought  in  the  parenchyma  of  the  lung  (see  p.  695)  or  in  a  ruptured 
aneurism.     But  hfemorrhage  from  the  bronchial  walla  may  occur  in 

tuberculous    or    other    forms    of 

ulceration,  chronic  bronchitis,  ma- 
lignant tumors,  etc. 

mTLAHBIATIOIT.     (Bronchitis.) 

Acute  Catarrhal  Bronchitis.— 
This  is  frequently  associated  with 
a  similar  process  in  the  trachea. 
It  is  characterized  by  hyperemia 

and  swelling  of  the  mucous  mem- 
brane, with  the  formation  of 

e.\udate,  which  usually  consists 
largely  of  mucus  formed  by  the 
hypersecretion  of  the  mucous 
glands  or  degeneration  of  the 
epithelial  cells.  Mingled  with  this 
are  e.\foliateti  and  more  or  less 

degenerated  epithelium  from  the 
mucous  membrane,  leucocytes 
from  the  dilated  vessels  of  the 

submucosa,  varying  numbers  of 
red  blood  cells,  and  bacteria. 

The  microscopic  appearances 
differ  in  different  parts  of  the 
bronchial     tubes    in    accordance 

Flo.  384.— Papilloma  or  the  LtRTNX.  wlth       the      differences     in     strUC- 
Thc  kft  vocal  ™rcl  is  Involved  in  the  lobulated        turC.       MuCOUS  glands,  when  these 

growth.     A  Iracheulomj-  ODening  ia  aepn  below  the  ^  i  i lumor.  are    present,    may    reveal    great 
functional  activity,  and  their 

ducts  may  be  distended  with  mucus  which,  often  mingled  with  exfoliated 
and  degenerated  cells,  streams  out  upon  the  surface.  SwelUng  and 
proliferation  of  the  connective-tissue  cells  and  endothelium  of  the  vessels 
of  the  submuco.sa,  cedema,  and  emigration  from  the  dilated  vessels  are 

1  See  Mamttr.  Virch.  Arch.  Bel,  elix..  p.  117,  1900. 
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often  marked.  The  leucocytes  may  be  seen  making  their  way  through 
the  epithelium  into  the  other  exudates  upon  the  surface.  The  epithelium 
may  be  loosened,  single  or  clustered  cells  falling  off  here  and  there,  or 

shreds  of  cells  may  exfoliate  together  (see  Fig.  3G5).'  The  deeper  sphe- 

roidal epithelia,  the  so-called  mother  cells  from"  which  the  new  ciliated 
cells  on  the  surface  are  formeil  in  both  physiological  and  pathological 
regeneration,  usually  remain  in  place  upon  the  basal  membrane.  In  the 

small  bronchi  whose  walls  are  thin,  little  else  may  be  seen  than  an  irreg- 
ular exfoliation  of  the  epithelium.  On  the  other  hand,  the  smaller 

bronchi  may  be  much  involved  and  their  lumina  filled  with  exudate; 

when  this,  which  has  been  called  "capillary  bronchitis,"  occurs,  the 
inflammatory  process  usually  involves  the  adjacent  and  associated  terri- 

tories of  lung  tissue,  constituting  one  of  the  important  forms  of  broncho- 

FlQ. 3ftS.-AcLTE    CiTAKRI 
OD  of  the  bronchinl  wnll 

lium,  but  many  ot  the  d«i»r  « .-calied  -molher  celb." 
mnnec live-tissue  cella  nnil  Mragp 3lioD  of  blood -vessels  in 
o(  leucocytefl.     Home  of  the  leuci 

!  lumen  of  thebronehus 
shape  with  a  homogeneous  interii >r  indlcBtinc  the  produc 

pneumonia.  In  some  forms  of  bronchitis  the  exudate  may  consist 

largely  of  pus — "purulent  bronchitis." 
-\telectasis  of  corresponding  tracts  of  the  lung  may  follow  the  occlu- 

sion of  the  bronchi  with  exudate.  As  recovery  advances,  the  submucosa 

assumes  its  normal  thickness  and  character  ami  the  epithelium  is  regener- 
ated from  the  cells  of  the  deeper  layers. 

Various  forms  of  bacteria  may  be  associated  with  acute  bronchitis,  and 
are  presumably  the  excitants  under  favorable  conditions  of  the  lesions; 

the  etiological  relationship  ha.'^,  however,  not  yet  been  experimentally 
established.     The  most  common  forms  of  bacteria  are  Streptococcus 
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pyogenes,  the  pneumotoccus,  Staphylococcus  aureus,  and  the  influenza 

bacillus.' 
Chronic  Catarrhal  Bronchitis. — This  form  of  bronchitis  may  be  the 

sequel  of  one  or  more  attacks  of  acute  bronchitis.  More  frequently  it  ia 
associated  with  emphysema,  heart  disease,  interstitial  pneumonia, 
phthisis,  pleuritic  adhesions,  or  the  inhalation  of  irritating  substances. 
There  is  in  most  cases  a  constant  production  of  mucus,  pus,  and  serum 
in  considerable  quantities,  and  these  inflammatory  products  may  have  a 

very  foul  odor.  Less  frequently  these  products  are  very  scanty — dry 
catarrh.  The  epithelium  is  deformed  and  desquamating,  with  a  pro- 

duction of  new  cells  in  the  deeper  layers.     There  may  be  epithelial 

lium;  fibroin  hnwrplaaia  of  Ihn  aubmuEosa  wilh  the  formBlion  of  loQititudiiial  ridgen  on  the  interior 

hyperplasia  or  atrophy;  the  mucous  glands  are  large  or  atrophied;  there 
may  be  hyperplasia  or  atrophy  of  the  submucosa;  the  muscularis  may 

show  hypertrophy  or  atrophy.  These  changes  in  the  fibrous  and  mus- 
cular elements  of  the  walls  lead  to  the  so-called  "  trabeculation  "  of  their 

inner  surfaces  (Fig.  366).  Obliterating  arteritis  of  the  associated  vessels 
may  occur.  These  changes  in  the  walls  of  the  bronchi  may  lead  to 
bronchiectasia. 

Acute  Pseudo -membranous  Bronchitis — Croupous  Bronchitis — ^may 
occur  with  croupous  laryngitis,  as  a  lesion  of  diphtheria,  with  lobular 
pneumonia,  and  sometimes  without  these  associations.  The  bronchi 
are  lined  or  filled  with  a  mass  of  fibrin,  pus,  and  desquamated  epithelium. 
Fibrin  and  pus  may  also  lje  found  beneath  the  epithelium  and  infiltrated 
in  the  stroma. 

I  For  a  study  of  the  bacteria  found  in  bnoi^hitia  sw  Rilehir.  Jour.  Path,  and  Bact..  vol,  vii.,  p. 
1.  1901;  .ilao  Karchrr,  Deul.  Arrh.  f.  klin.  Med.,  Bd.  bixxiii.,  p.  244,  1905;  aliio  reference  to  bacteria  in 
lungs,  p.  ei4. 
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Chronic  Fibrinous  Bronchitis  is  attended  with  the  formation  in  one  or 

more  bronphi  of  masKea  of  fibrin  which  are  expectorated  by  the  patient 
in  the  form  of  branching  casts  of  the  bronchi  (Fig.  367).  After  death 

the  bronchi  are  said  to  be  but  Httle  altered  from  the  normal.' 
Curschmann  has  described  under  the  name  " bronchioiilis  exudaUva" 

a  form  of  bronchitis  in  which  small  threads  and  bands  of  gray  or  yellow, 
partly  transparent,  coagulated  material  are  formed  in  the  small  bronchi 

— "  Curschmann 's  spirals."  These  sometimes  occur  in  pneumonia.  In 
different  forms  of  bronchitis,  especially  in  those  associated  with  asthma, 

the  exudation  may  contain  numerous  octahedral  bodies — Charcot-Ley- 
den  crystals — and  also  a  very  large  number  of  eosinophile  cells. 

Tuberculous  Inflammation  of  the  bronchi  frequently  occurs  in  con- 
nection with  pulmonary  tuberculosis.  The  lesion  may  be  miliary  or 

larger  involvement  of  the  walls  may  lead  to  ulceration. 
Syplillitic  Inflammation  may  lead  to  ulcers  and  to  distortions  and 

stenosis  through  cicatrization. 

BROnCHmCTASIA. 

Dilatations  of  the  bronchi  may  be  cylindrical,  fusiform,  or  sacculated. 
The  sacculated  dilatations  are  usually  the  largest.  These  communicate 
with  one  side  of  the  bronchus.  The  peripheral  portion  of  the  bronchus 
may  be  obliterated;  the  bronchus  leading  to  the  cavity  may  be  of  normal 
size,  or  dilated,  or  stenosed,  or  even  completely  obliterated.  Such  sac- 

culated dilatations  may  reach  a  very  large  -size  and  may  comnmnicate 
with  each  other.  Dilatations  are  apt  to  occur  under  conditions  which 
interfere  with  the  integrity  of  the  bronchial  wall. 

iFoTart'amianahUiHoeraphyafeBrllmann.Am.JonT.  Mfd.  Sci..  vol.  cjixiii.,  1902.  p.  304. 
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In  acute  genera)  bronchitis  and  broncho-pneumonia  in  children, 
cylindrical  dilatation  of  a  number  of  the  medium-sized  bronchi  often 
occurs. 

In  the  persistent  broncho-pneumonia  of  children  such  dilatations  may 
reach  a  still  greater  development.'  Chronic  bronchitis  may  lead  to  cylin- 

drical or  sacculated  dilatations,  sometimes  of  great  size. 
Occlusion  of  some  of  the  bronchi,  consolidation  of  portions  of  the 

lung,  and  extensive  pleuritic  adhesions  may  also  lead  to  bronchiectasis 
(Fig.  368). 

The  wails  of  bronchiectatic  cavities  may  be  lined  with  mucous  mem- 
brane, which,  however,  is  apt  to  undergo  various  changes  as  the  process 

Purlion  of  nnleriur  trre  bonlrr  of  lun!«.     From  an  adult  after  unrt-iolvcl  lobnr  pneumonis 

advances.  Thus  the  subepitheliiil  layer  may  be  vascular  and  cellular  and 
thrown  into  folds,  or  it  may  be  thin  and  dense.  The  epithelium  is  often 
irregular,  sometimes  irregularly  thickened,  sometimes  thin,  or  it  may  be 
largely  absent.  The  glands,  muscle,  and  cartilages  of  the  wails  of  the 
bronchi  may  disappear  through  atrophy.  The  presence  of  certain  forms 
of  bacteria  in  the  exudate  in  bronchiectasia  may  lead  to  offensive  putre- 

factive process  and  even  to  gangrene.     Moulds  may  be  present. 
In  acute  and  chronic  phthisis  the  tuberculous  inflammation  of  the 

1  For  B  sluJy  of  bniQchiectasia  in  chil.lren  8Pe  tnjnn,  Arch.  f.  Kinrtcrheilkuude,  Bd.  xxxvii..  1903, 
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walls  of  the  bronchi  often  gives  rise  to  sacculated  dilatations,  which 

expand  with  time  and  become  still  larger  by  the  destruction  of  the  adja- 
cent lung  tissue — tuberculous  bronchieetasiae. 

Primary  tumors  of  the  bronchi  are  rare.     Lipoma,  chondroma,  and 
fibroma  have  been  observed.     Sarcoma  is  rare,  but  may  occur,  especially 

in  spheroidal -cell  forms,  or  as   an   extension   of  similar  growths  in  the 
mediastinum.     Adenoma   (Fig.  369)   and    primary  carcinoma  are  rare. 

K  d/  Ti^rTculoat  B 

Secondary  carcinoma  is  not  uncommon  and  may  also  involve  the  trachea 
or  the  lungs. 

Occlusion   of  bronchi,  partial  or  complete,  may  occur  from  tumors. 
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polypi,  inetazoan  parasites,  foreign  bodies,  exudates,  etc.,  or  through 
obstructive  lesions  in  the  walls. 

Calcified  masses  called  "lung  stones"  (Fig.  370)  may  be  found  in  the bronchi. 

LESIONS  OF  THE  TRACHEAL  AITO  BROHCHIAL  LYMPH-HODES. 

The  tracheal  and  bronchial  lymph-nodes  may  be  the  seat  of  a  variety 
of  lesions  which,  owing  to  their  situation,  as  well  as  for  other  reasons, 

are  of  considerable  practical  impor- 
tance.  They  may  be  enlarged  from 

hyperplasia  in  acute  infectious  dis- 
eases; by  the  development  in  them 

of  tumors;  in  leukfemia  and  with  es- 
pecial frequency  in  tuberculosis  {Plate 

Hi.),  They  may  become  pigmented 
from  inhaled  coal  or  other  dust  and 

may  atrophy  or  become  fibrous  or 
calcified.'  In  cheesy  degeneration 
following  tuberculosis  (Fig.  371),  or  in 

suppurative  inflammation,  perfora- 
tion  may  take  place  into  the  air  pas- 

sages, the  oesophagus,  the  pulmonary 
blood-vessels,  or  aorta,  or  into  the 

pericardial  or  pleural  cavities;'  in 
this  way  ha-morrhage  or  secondary 
inflammatory  processes  or  gangrene 
may  occur.  Death  may  occur  from 
pressure  upon  the  trachea  by  tumors 

of  the  adjacent  lymph-nodes.  Sud- 
den death  from  asphyxia  may  result 

from  perforation  into  the  trachea. 
Pressure  upon  the  pulmonary  veins 

FiQ.  371.— TuBBHci'Loufl  *NB  Cmkoib        jj^j^y  j^j^j  (q  oulmonarv  oedema.     The Brohchiai.  Limfh-hodeb.  1  1  ■    I   I  u  1 

The  uoii«  aw  much  eniurged  bdci  press        brouchial  lymph-nodes  are  very    im- 
upoo  ihe  larger  bronchi.  portaut    as    distributing    Centres    of 

infectious  micro-organisms,  and  par- 
ticularly as  points  of  lodgment  of  tubercle  bacilli,  which  have  been 

gathered  from  the  pulmonary  air  spaces  from  the  pharynx  or  elsewhere.* 

pleura  mk'  p.  S40.  For  n  study  uf  alleged  id testinal  origin  of  lung  pigmeol,  six  Monlgomrru,  Joai.  Med. 
Ra.  xxiii.  Ill,  IfllO. 

'  See  fUrrnbere,  Wiener  klin.  Worhenschrift.  1905.  p.  1214, 
>  Coiuult  for  Kummaiy  of  lesions  of  branehial  lymph-nwles  HaU.  Ptiila.  Med.  Jour..  Dec.  1st. 

1900.  bilil.  See  bImj  eoneeminit  lulipreulosis  refcrniee  VortAruii  sn<i  BominI,  p.  4S7,  and  Harbilt, 
Jour.  Inf.  Ua..  vol.  ii.,  p.  l«i.  IBOS.     Secahostatblip!-  of  Hnn J.  PhiLi.  Path.  Koe..  vol,  vi,,  p.  132,  1903. 

Marfiia  in  Bourhanl  and  Itri»uud's  "Trail«  lie  M«<leeiDe,"  t.  vli.,  p.  525:  also  Zubrr  in  Gmncber. 
Comby,  nn.l  Marfan'?  ■Trait*  des  Maladies  cle  ri-:n(nnre."  t.  iv..  p.  235.  For  a  study  of  llic  illation  of 
Ihe  bronehial  l>-mp1i-iiod»  to  the  lymph-vcwela  of  the  thorax  xv  Wrlrmintki/.  Rcrl.  ktin.  Woch..  190S. 
p.  743.   For  a  study  of  the  rcliilionship  ol  the  cervical  and  bronchial  lymph-nodes  see  BfiUtt,  Vireh. 
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The  Lungs. 

Malformations. 

One  or  both  lungs  may  be  wanting  or  only  partially  developed.  One  lung  is  some- 
times converted  into  a  number  of  sacs  formed  of  dilated  bronchi,  while  the  lung 

parenchyma  is  undeveloped.     Supernumerary  bronchi  are  recorded. 
The  lobes  may  l>e  subdivided  by  deep  fissures,  accessory  lobes  may  be  present,  or 

an  accessory  lung  may  be  present.  An  accessory  lung  in  the  abdominal  cavity  has 

been  described.*  There  may  be,  with  absence  of  part  of  the  wall  of  the  thorax,  hernia 
of  the  lung.  There  may  be  transposition  of  the  lungs,  with  similar  changes  in  the 
position  of  the  heart  and  the  abdominal  viscera. 

INJURIES— PERFORATIONS. 

Severe  contusions  of  the  thorax  may  produce  rupture  of  the  lungs, 
with  extravasations  of  blood  into  the  pleural  cavities. 

The  lungs  may  be  wounded  by  a  fractured  rib  and  by  penetrating 
weapons  and  projectiles.  Such  injuries  often  lead  to  bleeding  into  the 
lung  tissue,  followed  by  inflammatory  changes.  The  lungs,  however, 
exhibit  a  considerable  degree  of  tolerance  for  such  injuries. 

Collections  of  pus  in  the  pleural  cavities,  the  mediastinum,  the  liver, 
the  spleen,  the  kidneys,  and  the  peritoneal  cavity  may  perforate  the  lungs. 

See  also  Hydro-pneumothorax. 

DISTURBANCES  OF  CIRCULATION. 

It  is  very  useful  to  anticipate  a  study  of  the  diseases  of  the  lungs  by  an  examina- 
tion of  the  circulation  in  the  lung  of  a  curarized  frog  on  the  Thoma  frog-plate  (see 

p.  111).  In  no  other  way  can  one  gain  so  vivid  a  conception  of  the  complexity  and 
abundance  of  the  circulatory  mechanism. 

Anaemia. — The  lungs  may  be  anaemic  in  connection  with  a  general 
anaemia  of  the  body;  or  from  compression  of  a  part  or  a  whole  organ,  as 
by  pleural  exudates,  tumors,  or  new-formed  fibrous  tissue;  from  occlu- 

sions of  blood-vessels  or  in  atrophy  of  these  in  emphysema. 

Hyper.emia  and  Q^^dema. 

Hyperaemia  may  occur  as  the  result  of  the  inspiration  of  irritating 
gases;  from  the  presence  of  toxic  substances  in  the  blood;  in  early  phases 
of  inflammation,  or  as  the  result  of  such  an  occlusion  of  vessels  in  one 
part  as  causes  its  accumulation  in  another. 

On  the  other  hand,  hypericmia  of  the  lung  is  often  due  either  to  i  ome 
hindrance  to  the  exit  of  blood  through  the  pulmonary  vein,  such  as 
mitral  stenosis  or  insufficiencv,  or  to  enfeeble ment  of  the  ventricular 
contractions,  as  in  fatty  degeneration  of  the  heart  muscle  or  inten;tltial 
mvocarditis.  In  the  last  hours  of  life  the  feeble  action  of  the  heart  dis- 
poses  to  pulmonary  congestion.  The  por.ition  of  the  body  upon  the  back 
in  bed  favors  an  accumulation  of  blood  in  the  posterior  portions  of  the 

'Consult  Vofjel,  Virch,  Arch.,  Bd.  civ.,  p.  235,  1S99,  bibl.;  a'ai  Hammar,  Zioglcr's  Beitr.,  Bd. 
xxxvi.,  p.  518,  1904. :^8 
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lungs — hypostatic  congestion.  Hypersemic  lungs  are  in  varying  degrees 
darker  and  heavier  than  normal;  an  unusual  amount  of  blood  flows  from 
the  cut  surface.  (Edematous  fluid  is  often  also  present.  Red  blood 
cells  often  pass  through  the  capillary  walls  in  hyperaemia,  and  these  with 
more  or  less  exfoliated  epithelium  may  be  found  in  the  air  vesicles. 

Chronic  Congestion. — In  prolonged  hyperaemia  of  the  lungs,  notably  in 
connection  with  lesions  of  the  mitral  and  aortic  valve,  or  degeneration 
or  dilatation  of  the  left  ventricle,  the  veins  and  capillaries,  especially 
the  capillaries,  become  permanently  distended,  pouched,  and  elongated, 
so  that  they  often  stretch  in  loops  into  the  air  spaces  (Fig.  372).  Red 
blood  cells  find  their  way  from  the  contorted  vessels  by  diapedesis  or  small 
haemorrhages  into  the  air  vesicles  or  interstitial  tissue  of  the  lung.     Here 

Fio.  372. — Chronic  Congestion  of  the  Lung.     (Brown  Induration.) 
Showing  dilated  capillaries  of   the  walls  of  the  air  vesicles  and  hcematogenous  pigment  in  the 

exfoliated  epithelial  cells  of  the  air  vesicles. 

decomposition  of  the  haemoglobin  leaves  brownish  pigment  particles 
which  may  remain  free  or  be  taken  into  cells.  In  the  air  vesicles  the 
epithelial  cells  usually  desquamate  in  considerable  numbers,  and  take  up 
the  pigment  in  varying  amount.  This  pigment  gives  to  the  lungs  a  pecu- 

liar brownish  pink  or  salmon  color.  The  appearance  of  these  lungs  may 
be  modified  by  haemorrhagic  infarctions,  by  pre-existing  emphysema  or 
oedema,  or  by  exudative  inflammation.  Associated  with  these  changes 
there  is  usually  a  new  formation  of  fibrous  tissue,  so  that  the  lung  becomes 
indurated,  leathery,  and  dry,  and  collapses  less  readily  than  normal. 
This  condition  is  often  called  brown  induration  of  the  lung.  This  for- 

mation of  fibrous  tissue  is  analogous  with  that  which  occurs  in  other 
organs,  such  as  the  kidney  and  liver  in  chronic  congestion.  Emigration 
of  leucocytes  is  not  infrequently  associated  with  diapedesis  from  the 



Pathology— Delafield  and  Prudden. 

Tuberculous  Bronchial  Lymph-Nodes. 
The  nodes  are  enlarged  and  caseous,  with  areas  of  commencing  softening.  An  isolated 

tubercle  in  the  lung  tissue  above  the  enlarged  nodes  indiirates  a  local  dispersion  of  the 
tubercle  bacilli,     l^e  lung  was  hardened  in  alcohol. 
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dilated  capillaries,  and  these-,  with  the  desquamated  epithelium,  may 
accumulate  in  the  air  vesicles. 

(EDEMA  OF  THE  LUIVGS. 

This  condition  is  rarely  independent,  but  is  usually  associated  with 
other  lesions  of  the  circulatory  or  respiratory  systems.  It  may  be 
circumscribed  or  involve  one  or  both  lungs.  The  lungs  in  pronounced 
oedema  do  not  collapse,  as  is  usual  on  opening  the  thorax.  They  may 
appear  translucent.  Fluid  runs  or  is  readily  squeezed  from  the  cut 
surfaces. 

In  oedema  of  the  lungs  the  vesicles  contain  a  clear,  sometimes  foamy 
albuminous  fluid,  occasionally  tinged  with  blood,  usually  mixed  with 
exfoliated  vesical  epithelium.  Leucocytes  and  red  blood  cells  may  also 
be  present.  The  oedematous  fluid  may  be  present  in  the  bronchi  and 
in  the  interstitial  tissue  of  the  lungs.  (Edema  is  often  associated  with 
hypenemia,  and  like  this  may  vary  in  different  parts  of  the  lung.  On 
the  other  hand,  there  may  be  extensive  oedema  without  overfilled  blood- 

vessels; these  in  excessive  oedema  may  indeed  be  nearly  empty  and 
compressed.  (Edema  of  the  lungs  may  occur  in  general  infections  and 
intoxications,  or  in  association  with  local  inflammatory  processes. 

It  may  be  associated  with  cardiac  and  renal  lesions.  It  may  be  a 
part  of  general  dropsy  or  exist  independently  of  this.  It  frequently 
occurs  in  the  last  hours  of  life — agonal  oedema.  (Edema  of  the  lung  may 
occur  suddenly  without  the  obvious  inciting  accompaniments  above 
noted,  and  may  be  fatal.  Fatal  oedema  of  the  lungs  may  be  associated 
with  fat  embolism.^ 

The  studies  of  Welch^  show  that  with  diminished  force  exerted  by 
the  left  side  of  the  heart,  the  vigor  of  the  right  remaining  unimpaired, 

oedema  of  the  lungs  may  follow.' 

HiEMORRHAGE  AND  INFARCrriONS. 

HAEMORRHAGE. 

Haemorrhages  into  the  lung  tissue  and  air  spaces  of  the  lungs  may 
occur  from  trauma,  from  rupture  of  aneurism,  in  acute  infectious  dis- 

eases and  intoxications,  in  scurvy  and  haematophilia,  in  asphyxia  from 
brain  lesions  or  other  conditions,  from  tuberculous  ulcerations  involving 
the  blood-vessels.     Multiple  ecchymoses  may  occur  in  fat  embolism. 

Haemorrhage  is  of  frequent  occurrence  in  excessive  hyperaemia  of  the 
lungs,  notably  in  connection  with  mitral  stenosis  and  insufficiency. 
Under  these  conditions  the  extravasation  of  blood  may  take  place  by 
diapedesis  or  by  rhexis.     The  accumulations  of  blood  may  be  single  or 

*  See  ref.  fat  embolism,  foot-note,  p.  34. 
*  Welch,  Virchow'8  Archiv,  Bd.  Ixxii.,  p.  375;  r^sumi  by  Meltzer,  Amer.  Med.,  vol.  viii.,  p.  391,  1904. 
*  For  a  study  of  oedema  of  the  lungs  based  on  numerous  cases,  see  Coplin,  Proc.  Path.  Soc.  of 

Phila.,  vol.  ix.,  p.  77,  1906;  also  Riesman,  Am.  Jour.  Med.  Sci.,  vol.  exxxiii.,  p.  88,  1906.  For  a  study  of 
the  disturbances  of  circulation  in  the  lungs  under  various  abnormal  conditions  see  Esser,  Centralbl.  f. 
ges.  Med..  Jan.  26th.  1901,  bibl. 
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multiple,  localized  or  diffuse,  dense  and  firm,  or,  when  oedema  is  present, 
soft  and  fluid  in  character.  During  the  last  hours  of  life,  owing  to 
enfeeblement  of  the  heart,  extravasation  of  blood  may  occur  which  sinks 
to  the  posterior  dependent  portions  of  the  lungs. 

Thrombosis,  Embolism,  Infarcts. 

As  a  result  of  thrombosis  or  embolism  of  the  pulmonary  artery, 
hcemorrhagic  infarcts  may  be  formed. 

They  are  not  very  common  in  the  lungs  because  the  supply  of  blood 
is  through  both  the  pulmonary  and  bronchial  arteries,  so  that  even  with 

stoppage  of  the  pulmonary  artery  by  a  thrombus  or  embolus,  hsemor- 
rhagic  infarcts  are  not  necessarily  formed.  When,  however,  the  pulmo- 

nary circulation  is  faulty  as  in  various  cardiac  lesions,  haemorrhagic 
infarcts  are  more  apt  to  form  as  the  result  of  embolism  or  thrombosis  of 
the  pulmonary  artery. 

These  infarcts  are  often  multiple,  usually  circumscribed,  and  rounded 
or  wedge-shaped,  from  the  size  of  a  walnut  to  that  of  an  orange.  They 
are  of  dark  red  color,  hard  and  unaerated,  with  the  air  spaces  distended, 
with  blood,  and  are  often  surrounded  by  a  zone  of  inflammatory  exudate. 
They  may  be  situated  in  any  part  of  the  lungs,  but  are  most  common 
in  the  lower  lobes.  At  the  apices  of  the  infarcts,  the  occluding  throm- 

bus or  embolus  may  be  discovered.  When,  as  is  usually  the  case,  they 
are  near  the  surface  of  the  lungs,  a  circumscribed  inflammation  of  the 
pleura  often  occurs.  The  air  spaces  within  the  infarcts  are  filled  with 
blood  and  the  capillaries  distended. 

Such  infarcts  may  be  followed  by  death;  they  may  become  gan- 
grenous, or  if  the  emboli  or  thrombi  be  not  infectious,  the  blood  may 

become  absorbed,  and,  especially  in  the  smaller  forms  which  are  more 
often  due  to  embolism,  they  may  be  gradually  changed  into  a  smaller 
mass  of  pigmented  fibrous  tissue. 

A  large  part  of  the  lungs  may  be  involved  in  haemorrhage  due  to 
thrombosis  of  large  trunks  of  the  pulmonary  artery.  Haemorrhagic 
infarctions  from  thrombosis  or  embolism  are  most  frequent  in  lungs 
which  are  the  seat  of  chronic  congestion.  The  most  common  source  of 
the  emboli  of  the  pulmonary  artery  is  the  right  heart  or  peripheral 

thrombi.^ 

ATELECTASIS. 

In  atelectasis  the  walls  of  the  air  spaces  lie  together,  either  because 
they  are  collapsed  or  compressed,  or  because,  as  in  congenital  atelectasis, 
the  lungs,  or  portions  of  them,  have  not  been  expanded  in  respiration. 

In  fcetal  or  congenital  atelectasis  defects  in  the  respiratory  mechanism, 
or  blocking  of  the  air  passages,  may  be  responsible  for  the  unaerated 
condition  which  may  affect  only  parts  of  a  lung  or  a  whole  organ.     The 

*  For  a  fuller  con^iideration  of  embolism  and  thrombosis  of  the  pulmonary  artery  consult  Welch, 
in  Allbutt's  "System  of  Medicine,"  vol.  vi.,  p.  261. 
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atelectatic  portions  of  the  lungs  are  dark  red  in  color  and  of  fleshy  con- 

sistence.^ 
Atelectasis  may,  on  the  other  hand,  be  acquired,  either  in  childhood 

or  in  adult  life.  In  young  children  collapse  of  portions  of  the  lung  is 
of  frequent  occurrence,  through  occlusion  of  bronchi  by  inflammatory 
exudate.  The  region  thus  cut  off  is  gradually  deprived  of  air,  so  that, 
as  the  blood  continues  to  circulate,  it  is  dark  red  and  firm  in  texture. 

Compression  atelectasis  may  be  due  to  exudates,  tumors,  etc.,  in  the  pleu- 
ral cavities.  Under  these  conditions  the  portion  of  lung  involved  may 

be  paler  than  normal  from  the  pressing  out  of  the  blood.     In  adults, 

Fig.  373. — Vesicular  Emphysema. 

Showing  enlargement  of  the  air  spaces  and  thinning  of  their  walls. 

large  or  small  portions  of  lung  tissue  may  collapse  from  occlusion  of 
a  bronchus  by  exudate  or  stenosis,  by  paralysis  of  the  vagus,  or  in  longr 
continued  feebleness  of  respiration.  Oedema  may  be  associated  with 
collapse. 

Atelectasis  may  resolve  by  an  early  admission  of  air  to  the  collapsed 
region.  On  the  other  hand,  if  prolonged,  fibrous  tissue  may  form  and 
the  involved  portion  may  be  finally  converted  into  a  cicatricial  mass, 
sometimes  containing  bronchiectatic  cavities. 

EMPHYSEMA. 

Vesicular  Emphysema. — In  forcible  inspiration  or  expiration  through 
obstruction  of  the  air  passages,  in  coughing,  or  in  the  use  of  wind  instru- 

ments, or  with  consolidation  or  compression  of  portions  of  the  lungs,  the 
walls  of  the  air  spaces  of  the  lungs  may  be  more  or  less  distended,  either 
in  circumscribed  regions  or  over  large  areas  of  the  lungs.     This  may 

1  Collapsed  lungs,  from  their  red  color  and  fleshy  consistence,  are  often  spoken  of  as  "camified." 
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develop  in  a  short  time,  and  then  the  condition  is  designated  acute 
emphysema. 

If  the  conditions  which  induce  emphysema  be  persistent,  as  in  chronic 
bronchitis  with  difficult  respiration  and  coughing,  atrophy  of  the  walls 
of  the  air  vesicles  and  alveolar  passages  may  take  place — chronic  emphy- 

sema. The  walls  become  thinner 

and  are  often  perforated;  adja- 
cent air  spaces  coalesce,  so  that 

larger  and  smaller  irregular,  thin- 
walled  cavities  are  formed  (Fig, 

373).  Destruction  of  the  capil- 
lary network  of  the  atrophic*! 

walls  occurs,  and  the  lung  may 
thus  become  pale  and  amemic. 
As  a  rule,  the  distention  of  the 
air  opnces  is  most  marked  along 
the  anterior  margins  of  the  lungs, 
but  it  may  be  more  general. 

Through  the  atrophy  of  the  elas- 
tic tis.sue  of  the  lungs,  when  the 

lesion  is  general  and  advanced, 
these  organs  do  not  collapse  when 
the  chest  is  opened.  They  ap- 

pear pale,  are  dry  and  soft,  and 

pit  on  pi'cssure  by  the  finger. 
The  microscopic  picture  is 

that  of  varying  degrees  of  atro- 
phy; de.squamation  and  fatty 

degeneration  of  the  vesical  epi- 
thelium are  common. 

As  already  indicated,  emphy- 
sema of  the  lungs  is  often  asso- 

ciated with  chronic  bronchitis. 

With  this  may  be  more  or  less 
hyperplasia  of  the  interstitial 
tissue.  Dilatation  or  hypertro- 

phy of  the  wall  of  the  right 
Fill.  374.— isTBRix.BULAR  Emphysema  iPF  Li'No.  ventricle  is  commou.  Chronic 

■  11  two  months  old.    After  w  oopiog-couf  .  endarteritis    of    the  pulmonary vessels  may  be  associated  with 
emphysema.  There  may  be  chronic  venous  congestion  of  the  ab- 

dominal viscera  and  dropsy.  Delafield  holds  that  the  more  essential 
lesion  in  some  forms  of  emphysema  is  the  development  of  new  connective 
tissue  with  which  dilatation  of  the  air  vesicles  and  atrophy  of  their 
walls  are  in  varying  degrees  associated. 

In  old  age,  atrophic  processes  in  the  lungs  may  be  associated  with 

'  For  a  fuller  description  of  this  unusual  case  see  A'ort*rup.  Am.  Jour.  Med.  Sci.,  vol,  lixivj.,  1883, 
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dilatation  and  mergence  of  the  air  spaces.  This  is  called  senile  emphy- 
sema. Excessive  emphysema,  apparently  congenital,  may  be  present 

in  young  children  (see  Fig.  374). 
Inteistitlal   Emphysema. — Rupture  of   the   walls  of  the   air  spaces 

may  permit  the  escape  of  air  into  the  interstitial  tissue  of  the  lungs 

(Fig.  375).  Kupture  of  the  pulmonary  pleura  may  admit  air  into  the 
mediastinum  and  thence  into  the  tissues  of  the  neck.  Gas  may  form 
after  death  in  the  interstitial  tissue  of  the  lungs,  from  the  presence  of  the 
Bacillus  aerogenes  capsulatus  or  other  putrefactive  bacteria. 

GAKGRERE. 

Circumscribed  gangrene  occurs  in  the  form  of  one  or  more  rounded 
or  irregular  masses  of  variable  size.  The  gangrenous  portion  of  lung  is 
at  first  brown  and  dry.  The  surrounding  lung  tissue  is  congested  or 
(edematous,  or  infiltrated  with  blood,  or  inflamed.  If  the  gangrenous 
focus  is  near  the  pleura,  the  latter  will  be  coated  with  fibrin.  Gradually 
the  gangrenous  porlion  of  lung  assumes  a  dirty  green  color  and  a  putrid 
odor.     It  becomes  soft,  disintegrated,  and  separated  from  the  surround- 
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ing  lung.  The  blood-vessels  may  be  obliterated  by  thrombi,  or  eroded, 
so  that  there  are  profuse  haemorrhages. 

Such  a  gangrenous  process  may  extend  to  the  adjacent  lung  tissue,  or 
a  zone  of  gray  or  red  hepatization  or  of  connective  tissue  may  be  formed. 
The  fluid  from  the  gangrenous  lung  may  pass  into  the  bronchi  and  be 
expectorated;  or  it  may  run  from  one  bronchus  into  another  and  incite 
new  gangrenous  foci  or  diffuse  gangrene.  The  pulmonary  pleura  may  be 
perforated  and  a  gangrenous  pleurisy  produced.  Gangrene  may  follow 
lobar  or  broncho-pneumonia,  especi^ly  such  phases  of  the  latter  as  result 
from  the  inspiration  of  foreign  material  containing  micro-organisms  from 
the  mouth;  it  may  arise  from  infectious  emboli  in  the  lungs,  or  by  an 
extension  of  a  gangrenous  process  from  an  adjacent  part.  It  may  be 

associated  with  cesophageal  diverticula.* 
Diffuse  gangrene  may  follow  the  circumscribed  form;  it  may  compli- 

cate lobar  pneumonia  or  occur  as  an  independent  condition.  A  large 
part  of  a  lobe  or  of  an  entire  lung  becomes  greenish,  putrid,  and  soft, 
and  the  pulmonary  pleura  is  inflamed.  There  may  be  haemorrhages  from 
eroded  vessels.     There  may  be  general  septicaemia. 

Various  forms  of  bacteria  may  be  present  in  gangrenous  areas  of 
the  lungs.  Among  the  more  common  are  Streptococcus  pyogenes, 
Staphylococcus  pyogenes,  pneumococcus,  and  various  saprophytic 

micro-organisms.  ^ 

INFLAMMATION.     (Pneumonia,  Pneumonitis.) 

General  Considerations. 

Before  commencing  the  study  of  inflammation  of  the  lungs  it  is  well  to  recall  some 
of  those  features  of  structure  and  function  which  influence  the  local  manifestations  of 
disease  in  these  organs  and  largely  determine  the  special  character  of  its  lesions.  In 
the  first  place,  the  lungs,  like  the  gastro-intestinal  canal,  while  in  a  topographic  sense 
within  the  body,  are  still  in  open  communication  with  the  exterior,  and  are  thus  more 
directly  exposed  to  various  deleterious  agencies  than  are  those  structures  and  organs 
wholly  enclosed  by  living  tissues.  Notwithstanding  this  vulnerability  of  location,  the 
recesses  of  the  lungs  are  guarded  by  protective  mechanisms  of  great  eflBciency. 

Since  many  of  the  lesions  of  the  lungs,  as  we  shall  presently  see,  are  induced  by 
the  entrance  of  foreign  material  into  them  in  the  form  of  dust,  it  will  be  useful  here  to 
glance  at  some  of  tiie  ways  in  which  the  body  is  protected  against  the  entrance  of  dust 
and  the  means  by  which  it  is  disposed  of  when  it  does  pass,  as  is  frequently  the  case, 
even  the  most  efTective  barriers. 

In  normal  breathinji:  through  the  nose,  the  air  impinging  upon  the  moist  surface  of 
the  tortuous  passages  loses  a  considerable  part  of  its  dust  and  bacteria.  In  the 
throat,  larynx,  and  trachea,  a  similar  clearing  occurs,  so  that  at  the  end  of 
inspiration  the  air  has  been  so  far  freed  from  its  floating  particles  that  it  emerges  in 
the  expiration  practically  dust-  and  germ-free. 

If  the  nasal  passages  are  not  normal,  or  breathing  through  the  mouth  is  practised, 
the  air  contaminations  may  pass  more  deeply  into  the  recesses  of  the  lungs,  or  may 
still  remain  to  a  certain  extent  suspended  in  the  expired  air. 

Many  of  tlie  dust  particles  which  may  lodge  upon  the  walls  of  the  deeper  air  pas- 
sages are  swept  upward  by  the  ceaseless  ciliary  movement  and  cast  out,  as  are  the 

secretions  and  dust  accumulations  from  the  nose  and  throat.     The  growth  of  many 

*  See  refprcnoe  to  Starch,  p.  652. 
'  See  for  "acid-proof"  bacilli  in  gangrene,  Ophuls,  Jour.  Med.  Res.,  vol.  viii.,  p.  242,  1902. 
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micro-organisms  is  inhibited  by  the  mucus  of  the  air-passages.  Many  inert  dust 
particles  which  are  taken  into  the  tissues  at  the  tonsils  or  in  the  deeper  recesses  of  the 
air  tubes  are  carried  in  the  lymphatics  to  places  of  temporary  or  permanent  deposit. 
Many  micro-organisms  within  the  tissues  are  destroyed  by  phagocytes  or  by  the  body 
fluids. 

Thus  it  is  that  although  large  numbers  of  dust  particles  may  enter  the  respiratory 
passages  at  every  breath,  the  larger  proportion  are  usually  safely  disposed  of,  most  of 
them  through  the  secretions  of  the  throat  and  nose. 

It  has  long  been  known  that  a  certain  number  of  inert  dust  particles  from  the  in- 
spired air,  in  spite  of  the  tortuous  and  narrow  passages  which  they  must  pass  in  the 

deeper  recesses  of  the  lungs,  do  reach  the  air  vesicles,  from  which  they  may  be  largely 
removed  to  the  adjacent  tissues  or  to  the  bronchial  lymph-nodes  by  way  of  the  pleural 
and  other  lymph- vessels. 

Whether  living  bacteria  can  reach  the  air  vesicles  under  the  ordinary  conditions  of 
respiration  is  a  much  discussed  question,  which  has  given  rise  to  many  painstaking 
researches.  One  group  of  workers  has  concluded  that  the  lungs,  except  for  the  larger 
air  passages,  are  usually  germ-free.  On  the  other  hand,  many  have  concluded  from 
equally  careful  studies  that  the  lungs  of  both  men  and  animals  often,  if  not  always, 
contain  a  moderate  number  of  living  micro-organisms.  The  technical  difliculties  in 
this  research  are  so  great,  and  the  conditions  under  which  they  have  been  undertaken 
are  so  various,  that  this  diflference  of  opinion  is  not  surprising. 

Without  attempting  to  marshal  the  evidence  adduced  on  both  sides  of  the  question 
it  appears  that  in  most  of  the  earlier  studies  on  the  artificial  introduction  of  living 
micro-organisms  into  the  lungs,  the  time  which  was  allowed  to  elapse  between  the 
introduction  of  the  germs  and  the  examination  of  the  lungs  was  too  long,  so  that  the 
possibility  that  the  lungs  might  rapidly  dispose  of  germs  lodged  in  their  deeper 
recesses  by  lysis  or  phagocytosis,  was  overlooked. 

In  fact,  it  has  been  found  that  in  experiments  in  which  animals  are  exposed  to  an 
atmosphere  laden  with  bacteria-containing  dust  or  spray,  if  the  animals  be  killed  at 
once  after  the  exposure,  living  micro-organisms  may  be  found  even  in  the  deepest 
portions,  while  if  even  a  short  time  be  allowed  to  elapse  they  will  have  entirely 
disappeared. 

While,  however,  in  the  air  passages  and  lungs  we  have  a  most  efficient  protective 
mechanism  against  the  entrance  and  permanent  lodgment  under  ordinary  conditions 
of  both  inert  dust  particles  and  living  micro-organisms  in  such  situations  as  would 
involve  serious  damage  to  these  delicate  organs,  it  should  be  remembered  that  the 
efficiency  of  these  safeguards  may  be  greatly  diminished  if  they  are  overworked  and 
abused. 

The  lungs  of  practically  all  persons  who  live  indoors  contain  a  considerable  amount 
of  soot,  which  blackens  them  (see  p.  616).  The  irritation  incited  by  this  foreign  stuff 
leads  in  most  adults  to  some  part  of  the  lungs  becoming  dense  and  useless.  The  over- 

working of  the  delicate  mechanism  for  filtering  the  foreign  matter  out  of  the  lymph 
flowing  from  the  lungs  to  the  interior  blood  channels  leads  to  serious  damage  of  this 
mechanism  and  to  an  increased  vulnerability  to  infection  which  the  healthy  body 
should  and  could  resist. 

The  responses  of  the  lung  tissue  to  the  excitants  of  inflammation  are  not  funda- 
mentally as  distinct  nor  as  variable  as  the  common  classifications  of  pneumonia  would 

seem  to  indicate.  Exudation  from  the  smaller  blood-vessels  is  one  of  the  most  com- 
mon features  of  the  acute  phases  of  pulmonary  inflammation. 

The  formation  of  exudates  is  favored  by  the  extensive  capillary  network  which  is 
almost  directly  exposed  to  such  deleterious  agents  as  may  gain  access  to  the  air  spaces; 
while  a  great  accumulation  of  exudates  is  possible  owing  to  the  spongy  structure  of  the 
organs.  The  transitional  character  of  the  epithelium  lining  the  air  vesicles  predis- 

poses to  cell  proliferation  and  exfoliation,  and  thus  to  the  formation  of  exudate.  On 

the  other  hand,  the  abundant  blood  and  lymph  channels  ̂   favor  the  speedy  removal 
from  the  air  spaces  in  the  lungs  of  large  quantities  of  exudate. 

There  are  two  sets  of  lymph- vessels  in  the  lung;  first,  those  which  accompany  the 

^  See  Miller,  Arch.  f.  Anat.  unci  Phj'siologie,  Anat.  .\bth.,  1900,  p.  197,  bibl. 
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pulmonary  artery  and  pour  their  lymph  into  the  bronchial  nodes  at  the  hilum  ofjhe 
lung;Hecond,  those  which  ramify  in  the  interacinous  and  interlobular  tissue  of  the  lung 
{Fi^.  376)  and  join  the  branches  o(  the  pleural  plexus  between  the  lobules.  It  is 
evident  from  this  arrangement  of  the  pulmonary  lymphatics  that  a  close  relationship 

is  maintained  between  even  the  deeper  recesses  of  the  lung  and  the  pleura.' 

c  by  Councilman.  'The  I^buLc  □[  the  Liiiut  nnd  lie  Relation  lo  the  LymphBtia,"  BiMtOD r.  Med.  i>ri.,  vol.  iv..  p.  IBS,  1900.  For  s  study  of  the  tomporalive  hBtobgy  of  the  lunfs  of 
lestic  animula  eee  Mullrr,  Arch.  f.  Mik.  Aaat..  Bd.  Iiix.,  p.  I.  1906, 
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Along  the  subpleural  lymph-vessels  are  numerous  islets  of  lymphoid  tissue  and 
often  a  few  small  Ijrmph-nodes.^ 

While  the  abundant  lymphatics  of  the  lungs  aid  in  the  rapid  disposal  of  exudates, 
they,  on  the  other  hand,  favor  the  absorption  of  toxic  substances  into  the  body  at 
large  when  bacteria,  for  example,  are  the  excitants  of  the  local  inflammation.  So  that 
although  exudative  pneumonia  is  commonly  considered  a  local  disease,  it  is  often 
rather  a  local  expression  of  a  general  infection  or  is  doubly  significant  on  account  of  the 
associated  toxaemia.  In  addition  to  the  development  and  accumulation  of  exudates, 
necroses  and  the  formation  of  fibrous  tissue  are  the  most  noteworthy  general  pathologi- 

cal processes  in  the  lungs. 
While  the  conspicuous  differences  in  the  various  forms  of  pneumonia  are  largely 

due  to  differences  in  the  nature,  virulence,  and  distribution  of  their  excitants,  predis- 
posing factors  dependent  upon  age,  constitutional  condition,  and  the  protective 

mechanism  of  the  lungs  are  of  great  significance. 
The  common  classifications  are  based  partly  upon  etiology,  partly  upon  morphol- 

ogy, and  the  names  used  suggest  now  the  topography  of  the  lesions  or  the  character  of 
the  tissue  which  is  especially  affected,  and  again  the  species  of  the  bacterial  excitant. 
Thus  the  term  lobar  pneumonia  is  topographical;  tuberculous  pneumonia  emphasizes 

the  excitant;  while  interstitial  pneumonia  suggests  the  form  of  tissue  involved.' 

Acute  Lobar  Pneumonia.     {Fibrinous  Pneumonia — 

Croupous  Pneumonia,) 

This  is  an  infectious  disease  incited  by  the  Diplococcus  pneumoniae 

(pneumococcus  of  Fraenkel).'  It  is  especially  characterized  by  an  exu- 
dative inflammation  in  which  red  and  white  blood  cells,  serum,  and  fibrin 

accumulate  in  the  air  spaces  of  the  lungs,  usually  involving,  especially  in 

adults,  the  whole  of  one  lobe  or  lung  or  portions  of  both  lungs.*  Toxae- 
mia from  the  absorption  of  poisons  formed  locally  in  the  lungs  is  an 

important  and  often  most  significant  factor  in  the  disease.  The  pneumo- 
coccus is  usually  widely  disseminated  in  the  blood. 

During  the  first  hours  of  the  inflammation  the  capillaries  of  the  air 
spaces  are  congested,  the  lung  is  cedematous,  firmer  than  normal,  but 
not  markedly  consolidated.  The  air  spaces  contain  varying  numbers  of 
leucocytes,  red  blood  cells,  serum,  and  fibrin  (Fig.  377).  The  epithelial 
cells  lining  the  air  vesicles  may  be  swollen,  they  sometimes  proliferate, 
and  are  usually  detached  in  considerable  numbers.  Catarrhal  bronchitis 

and  pleuritis  may  at  this  time  develop.  This  is  called  the  stage  of  **  con- 
gestion" or  ''engorgement"  and  may  last  for  a  few  hours  or  for  several 

days. 

As  the  process  continues,  red  blood  cells,  but  especially  polymor- 
phonuclear leucocytes,  and  fibrin  accumulate  in  the  air  spaces  and  smaller 

>  See  for  a  study  of  pleural  lymph-nodes  and  lymphoid  tissue  Heller,  Deut.  Arch.  f.  klin.  Med. 
Bd.  Iv.,  p.  141,  1895. 

^  For  a  comprehensive  riitumi  of  the  normal  and  pathological  physiology  of  the  lungs  see  HeinZy 
"  Handbuch  d.  exp.  Path.  undPharmak.,"  1905,  Bd.  2. 

'  We  shall  use  here  as  syiionymous  the  names  Diplococcus  pneumonia  and  pneumococcus;  when 
pneumococcus  is  used  the  pneumococcus  of  Fraenkel  is  referred  to.  For  a  description  of  this  oiiganism 
see  p.  218. 

*  The  clinical  course  and  the  morphological  characters  of  the  inflammation  of  the  lungs  associated 
with  the  Diplococcus  pneumoniae  are  so  typical  that  we  seem  justified  in  limiting  the  term  lobar  or 
fibrinous  pneumonia  to  this  condition,  even  though  inflammations  of  the  lungs  due  to  other  excitants 
are  occasionally  lobar  in  extent  and  may  have  a  fibrinous  exudate,  and  though  exceptionally  the  pneu- 

mococcus inflammation  itself  fails  to  reach  lobar  proportiona. 



bronchi,  so  that  the  portion  of  lung  involved  becomes  soiitl  and  friable, 
somewhat  resembling  the  liver  in  color  and  consistence;  hence  the  term 

I.  377.— Acim  Lobab  Pne 
lom  congo'lion  of  Ihe  capilL 
jpin,  kuccwylea,  red  blood  c( 

"  red  hepatizalion  "  which  has  been  used  to  imiicate  this  condition.  The 
cut  surface  of  the  consolidated  portion  is  dry  and  coarsely  granular, 

the  gi'anules  being  plugs  or  casts  of  exudate  in  the  air  spaces.     A  light 

scraping  of  the  cut  surface  of  the  lung  with  the  knife  readily  removes 
these  granules  or  plugs  of  exudate,  which  consist  largely  of  fibrin  and 
leucocytes  with  red  blood  cells  and  exfoliated  epithelium  (Fig,  378).     The 
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relative  amount  of  leucocytes,  red  blood  colls,  and  fibrin  in  the  air  spaces 
varies  greatly,  sometimes  one,  sometimes  the  other,  preponderating 
(Fig.  349).  The  fibrin  fibrils  often  coalesce  or  swell,  forming  homogene- 

ous, irregular  masses.  On  staining,  large  numbers  of  pneumococci  may 
be  found  mingled  with  the  other  elements  or  within  the  cells  of  the 
exudate.  While  the  general  appearance  of  the  lung  in  this  stage  is  red, 
it  is  often  mottled  with  gray  and  frequently  is  not  uniformly  solid. 
Although  the  capillary  blood-vessels  are  compressed,  they  for  the  most 
part  remain  pervious;  but  thrombosis  is  not  infrequent.  Fibrinous 
pleuritis  is  commonly  present,  and  the  interstitial  tissue  of  the  lung, 

while  usually  free  from  exudate,  may  be  a'dematous  and  contain  a  few 
leucocytes  and  some  fibrin. 

The  quantity  of  exudate  in  the  lung  is  often  very  large.  Hodenpyl 

has  found  it  sometimes  to  be  from  thi-ee  to  four  or  even  six  jiounds  in 
weight. 

In  the  usual  course  of  events  the  red  blood  cells  now  lose  their  hemo- 
globin, the  exudate  begins  to  soften,  and  the  lung  assumes  a  grayish 

color— r/crt!/  hepiitizniion  or  crimmevcing  retotution.  The  leucocytes  and 
exfoliated  epithelium  undergo  granular  and  fatty  degeneration'  or  necro- 

■  Sr^  OD  fnltv  .lt«enemtion  of  iimubioqLc  fxuJates  CAnXinn,  Jour,  Med.  Rai..  vol.  .„  p.  109. 
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818,  and  these  with  the  fibrin  soften  and  disintegrate  (Fig.  380).     The  cut 
surface  of  the  lung  is  now  moister,  less  granular,  and  is  often  covered 
with  a  grumous  fluid.     In  view  of  the  new  studies  on  cytolysis  it  seems 
probable  that  here,  as  in  the  removal  of  alien  and  dead  organic  material 

elsewhere  in  the  body,  the  exudate 
is  softened   and   rendered   capable 
of  solution  by  an  exaggeration  of 
the  normal  autolytic  processes  (see 

p.   106).'     The  softened  e.xudate  is 
gradually  absorbed   or  may  be  in 
part   expectorated.     The  involved 
portion  of  lung  again  contains  air; 
the  epithelium  of  the  air  spaces  is 
regenerated. 

While  it  is  customary  and  con- 
venient to  describe  definite  stages 

of  lobar  inflammation  of  the  lung — 

Fm.  380.— etvdati;  fbou  the  luno  ih  '"^'^'  ̂ "^  gray  hepatization  and  reso- 
RiaoLviHo  Lobar  Pkeuhomia.  lution — thesc  in  fact  not  only  merge 

and'?aur'j<«*n™tmn°a^th'frMmmtB™  gradually  Into  each  Other,  but  often the  nuclei  and  duiia  leg  ration  of  the  cell  bodice.  COCxist  in  different  parts  of  the  luUg. 

The  process  of  reparation  also 
usually  occurs  irregularly,  so  that  a  lung  in  resolution  may  show  side  by 

side  in  neighboring  air  spaces  well-formed  cellular  and  fibrinous  exudate, 

degenerated  exudate,  and  various  phases  of  epithelial  cell  repair.' 
The  nature  of  the  characteristic  crisis  in  pneumonia  marked  by  a 

sudden  fall  in  the  temperature  and  improvement  of  the  general  symp- 
toms is  not  clear.  It  is  not  accompanied  by  obvious  changes  in  the 

pulmonary  exudate.  Many  studies  have  been  made  on  this  subject, 

upon  which  we  cannot  enter  here.' 
For  the  evidence  of  communicability  of  the  infectious  agent  in  lobar 

pneumonia  see  page  219.* 
Associated  Lesions  in  Other  Organs.^ — Fibrinous  or  sei'o-fibrinous  pleu- 

ritis,  usually  with  slight  but  often  with  voluminous  exudate,  commonly 
accompanies  lobar  pneumonia.  Catarrhal  and  fibrinous  bronchitis  is  also 
usually  associated  with  the  pneumonic  process.  Pericarditis  and  endo- 

carditis are  not  infrequent  complications;  meningitis  occasionally  occurs. 

The  excitant  of  these  complications  is  usually  the  pneumococcus.' 
Chromatolysis  of  the  ganglion  cells,  albuminous  degeneration  in  the 
'Fnr. 

>  >Iudy  of  tht ̂ chem istry  of resolutii 
on  of  the  exudate  m 8 -Si 

mo7< 

1.  Deut, 
Arrh 

.  f.  kl  Med, 
.  Bd. ..  1901. p.  604.     See nbor. ■For! 
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kidney,  liver,  and  heart,  hyperplasia  of  the  bronchial  lymph-nodes* 
together  with  leucocytosis,  fever,  and  frequent  serious  enfeeblement  of 
the  heart  action,  are  marks  of  toxaemia.  The  bronchial  lymph-nodes  may 
contain,  especially  in  the  perifollicular  sinuses,  and  often  within  phago- 

cytes, red  blood  cells,  cell  detritus,  and  pneumococci  brought  from  the 
lungs;  fibrin  is  frequently  also  present. 

In  lobar  pneumonia  in  young  children,  in  those  enfeebled  by  acute 
and  chronic  disease,  and  in  the  aged,  the  lungs  are  often  less  uniformly 
consolidated  and  less  dense  and  hard  than  in  vigorous  adults.  When 
lobar  pneumonia  occurs  in  lungs  already  the  seat  of  chronic  lesions,  such 

as  chronic  congestion,  emphysema,  interstitial  pneumonia,  or  tuberculo- 
sis, the  gross  appearances  of  the  organs  may  differ  in  various  ways  from 

those  of  uncomplicated  pneumonia. 

While  Diplococcus  pneumoniae  is  the  regular  excitant  of  lobar  pneu- 
monia, other  bacteria — see  below — are  not  infrequently  associated  with 

it,  sometimes,  though  by  no  means  always,  leading  to  clinical  complica- 
tions and  to  modifications  of  the  appearance  of  the  lesion.  Predisposition 

of  the  individual  is  an  uncommonly  conspicuous  and  important  factor 
in  the  etiology  of  this  as  other  forms  of  pneumonia,  so  that,  as  is  well 

known,  exposure,  fatigue,  etc.,  may  induce  the  favoring  bodily  condi- 
tions under  which  the  pneumococcus  becomes  harmful.  The  experiments 

upon  animals  are  most  conclusive  in  demonstrating  that  intrapulmonary 
injections  of  pneumococcus  cultures,  which  may  be  entirely  without 
obvious  effects  in  a  healthy  animal,  may  induce  exudative  inflammation 
or  become  quickly  fatal  after  such  exposure  to  cold  or  fatigue  or  injury, 
or  to  the  action  of  drugs,  as  interferes  with  the  integrity  of  the  blood  or 

locally  damages  the  pulmonary  tissues.' 
Delayed  Resolution  after  Lobar  Pneumonia  (''Organizing  Pneumonia"). 

— Instead  of  undergoing  resolution,  the  fibrinous  and  cellular  exudate 
in  the  air  spaces  in  lobar  pneumonia  may  persist,  and  by  a  process  similar 
to  that  which  is  called  organization  of  a  thrombus  (p.  27)  may  be 

gradually  replaced  by  new  vascular  fibrous  tissue.  New  connective- 
tissue  cells  grow  out  from  the  walls  of  the  air  spaces  into  the  exudate; 
these  cells  become  elongated.  Intercellular  fibrils  develop,  and  long 
masses  or  bands  of  this  new  tissue,  often  containing  blood-vessels,  may 
extend  for  considerable  distances  through  the  air  channels  of  the  lung 
(Fig.  381).  These  may  gradually  coalesce  with  the  walls,  and  together 
with  an  interstitial  connective-tissue  growth  may  lead  to  a  fibrous  con- 

solidation of  the  lung. 
Delafield  describes  such  an  intra-alveolar  formation  of  connective 

tissue  leading  to  fibrous  induration  of  lobes  of  the  lung  and  occurring  as 
an  independent  lesion  apart  from  the  exudative  form  of  lobar  pneumonia. 

Concurrent    Infection    and    Suppurative    Inflammation    of   the 
Lung  Following  Lobar  Pneumonia. 

Although,  as  stated  above,  Diplococcus  pneumoniae  usually  occurs 

alone  in  typical  lobar  pneumonia,  it  may  be  accompanied  by  the  Strepto- 
*  For  reference  to  experimental  excitation  of  pneumonia  see  p.  614. 
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COCCUS  and  Staphylococcus  pyogenes  and  occasionally  by  other  micro- 
organismB.  The  exact  significance  of  these  mixed  or  concurrent  infections 
in  lobar  pneumonia  is  not  always  clear.  But  instead  of  the  usual 
resolution  there  may  be  gangrene;  or  suppuration  of  the  interstitial  lung 

tissue  with  the  formation  of  abscess  may  occur.  In  such  eases  Strepto- 
coccus pyogenes  and  Htaphylococcua  pyogenes  aureus  or  putrefactive 

bacteria  may  be  present  with  the  pneumococcus  in  the  exudate. 

Suppurative  inflammation  of  the  interstitial  ti.ssue  of  the  lungs  may 
involve  not  only  the  larger  fibrous -tissue  bands,  but  the  walls  of  the  air 

vesicles  and  other  air  spaces.  It  is  often  called  "purulent  infiltration." 
From  the  cut  surface  of  the  lungs  in  resolving  lobar  pneumonia  a  gru- 
mous  flui<l  resembling  pus  often  exudes,  and  this  is  sometimes  mistaken 
for  a  mark  of  interstitial  suppuration  of  the  lung. 

Suppurative  inflammation  of  the  interstitial  tissue  of  the  lung  may 
occur  without  association  with  lobar  pneumonia. 

Lobular  Pneumonia  and  Broncho-Pneumonia. 

In  distinction  from  that  common  form  of  pulmonary  inflammation 
induced  by  the  Diplococcus  pneumoniie,  which  as  we  have  seen  is  usu- 

ally lobar  in  character,  there  are  exudative  inflammations  of  the  lungs, 

due  to  many  different  excitants,  which  are  "patchy"  or  "lobular"  in 
extent,  the  consolidate*!  areas  varying  in  size  from  such  as  are  scarcely 

visible  to  those  several  centimetres  in  diameter.'  Those  patches  of  lobu- 
lar consolidation  often  join  and  merge,  so  that  solidification  of  whole 

lobes  or  lungs  is  not  uncommon.  But  the  mottled,  uneven  surface  and 

color  of  the  lungs  on  section,  and  the  usual  absence  of  the  peculiar  granu- 
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lation  ordinarily  suffice  for  the  distinction,  even  to  the  naked  eye,  of  the 
lobar  from  the  coaleacent  lobular  forms  of  exudative  pneumonia. 

It  is  convenient  to  recognize  several  types  of  lobular  exudative  pneu- 
monia, although  the  character  of  the  exudate  is  not  distinctive. 

Broncho -pneumonui. — Lobular  Pneumoaia  with  Inftanimadoii  of  the  Smaller  Bronchi. 

This  most  important  type  of  lobular  pneumonia  frequently  develops 
in  connection  with,  and  as  an  extension  of  tliat  form  of  inflammation  of 

the  smaller  bronchi  commonly  called  "capillary  bronchitis."  At  first 
dark  red  in  color,  the  lobular  areas  of  consolidation  in  broncho-pneumonia 
Iwcome  more  gray  at  the  centre  through  degeneration  of  the  exudate, 
while  the  advance  of  the  process  in  the  periphery  is  marked  by  a  less 
solid,  redder  none.     On  section  of  the  fresh  lung  these  areas  (Fig.  382) 

usually  project  somewhat  above  the  general  surface,  and  at  their  cen- 
tres the  involved  bronchi  may  appear  as  lighter  spots,  from  which  pus 

may  exude  or  be  easily  pressed  out.  Such  areas  may  coalesce,  forming 
larger  consolidations.  The  exudate,  which  more  or  less  completely  fills 
the  air  spaces  (Fig.  383),  consists  of  serum,  old  and  new-foimed  epithe- 

lial cells  from  the  walls  of  the  air  spaces,  red  blood  cells,  and  often  fibrin 
and  polymorphonuclear  leucocytes  (Fig.  384)  with  various  forms  of 
micro-organisms.  As  a  rule,  however,  fibrin  and  leucocytes  are  not  as 
abundant  as  in  the  exudate  of  lobar  pneumonia.  Mucus  and  bronchial 
epithelium  may  be  aspirated  into  the  air  spaces  and  mingled  with  the 
exudates. 
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Hroncho-pneumonia  involves)  a  direct  extension  of  the  inflammatory 
process  from  the  bronchi  to  the  contiguous  lunp  tissue,  so  that  there  is 
both  an  interstitial  an<l  exudative  pneumonia  about  the  bronchiaJ  tubes, 
the  whole  forming  the  lobular  area.s  of  consolidation  (Fig.  385).     This 

involvement  of  the  hronchiai  wall  in  inflammation  with  a  direct  exten- 
sion of  the  process  to  the  Hurrounding  lung  tissue  has  been  urged  especially 

by  Delafield  as  the  process  to  which  the  term  broncho-pneiimonin  should 
l)e  par  ejcellmce  applied. 

Between  the  consolidatc<l  areas  there  may  be  atelectasis  of  lung  tissue 
from  the  occlusion  of  the  smaller  bronchi 
with  exudate.  When  the  consolidated 
areas  are  situated  at  the  surface  of  the 

lungs,  fibrinous  pleuritis  may  \k  present 
over  the  affected  regions. 

This  form  of  broncho-pneumonia  is 
frequent  in  children,  sometimes  as  an 
independent  process,  but  often  associated 
with  or  following  diphtheria,  scarlatina, 
measles,  etc.  It  occurs  also  in  adults, 
either  as  a  complication  of  infectious 
diseases  such  as  typhoid  fever,  smallpox. 
influenza,  etc.,  or  as  a  primary  process. 

_  It   may  occur  in  the  aged  or  in  those 
iD*TE  IN  A  siNiJLE  AiB  vew^le,         eofcebled  by  chronic  wasting  <liseases. 

Resolution  may  take  place  in  the 

areas  of  broncho-pneumonia  by  processes  of  cell  degeneration  and 
absorption  identical  with  those  through  which  restoration  is  secured  in 

lobar  pneumonia.  If,  however,  i-esolution  in  broncho-pneumonia  do  not 
presently  take  place,  and  the  lesion  pei-sist,  dense  connective  tissue  is 
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apt  to  form  about  the  bronchi  and  in  the  interstitial  tissue  of  the  lungs, 
which  may  lead  to  induration  and  distortion  of  the  organs,  atelectasis, 
chronic  bronchitis  with  dilatation  of  the  bronchi,  etc.  A  photograph 

of  a  section  of  such  a  chronic  or  "persistent"  broncho-pneumonia  is 
reproduced  in  Fig.  3S(i. 

Other  Forms  of  Lobular  and  Broncbo-Pneumonia. — There  are  forms 
or  types  of  lobular  pneumonia  in  which  serum  and  epithelial  cells  with 
more  or  less  fibrin  and  leucocytes  collect  in  the  air  spaces  of  a  limited 

region  without  primary  bronchitis  and  without  involvement  of  the  walls 
of  tile  bronchi  and  air  spaces. 

In  one  type  of  lobular  pneumonia  and  broncho-pneumonia  the  exu- 
date may  consist  largely  of  pus  cells  which  infiltrate  the  walls  of  the  air 

spaces  and  bronchi  as  well  as  fill  the  air  spaces  themselves.  This  type 
of  inflammation  may  be  induced  by  the  aspiration  in  feeble  persons  of 
hriiiiting  substances  or  bacteria-containing  material  of  various  kinds. 
particles  of  food,  saliva,  etc.  This  is  called  axpimiion  pneumonia  and 
may  result  in  necrotic  or  gangrenous  processes  in  the  involved  regions 
of  the  bronchi  and  lungs.  Again  there  may  be  circumscribed  areas  of 
exudative  pneumonia,  often  suppurative  in  type  and  involving  the  walls 
of  the  air  spaces,  which  originate  through  the  transportation  by  the 
blood-ve.ssels  of  various  forms  of  bacteria,  especially  the  Streptococcus 

and  Staphj'lococcus  pyogenes,  as  in  pyaemia;  this  is  called  lobular  pneu- 
monia of  hamatogemini  origin,  or  pycemir  or  xeplic  pneumonia.  Thus, 

nbsce.ixex  of  the  lungs  may  be  formed. 
In  the  lobular  pneumonia  of  bubonic  plague  the  e.vu<lato  is  said  to 
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contain  few  leucocytes  and  epithelial  cells,  and  to  consist  largely  of  blood 

and  plague  bacilli.' 
In  the  age<I  or  those  long  in  bed  in  an  enfeebled  condition,  hypenemia 

and  ccdema  with  more  or  less  exudate,  usually  epithelial  in  character, 

may  develop  in  the  dependent  posterior  portions  of  the  lungs — hypo- 
static congestion  and  hypostatic  -pneumonia. 

There  is  a  peculiar  and  rare  form  of  broncho-pneumonia  associated 
with  necrosis  in  which  forms  of  streptothrix  have  been  isolated  which 

are  undoubtedly  the  excitants  of  the  disease.^  Actinomyces  is  also  an 
occasional  excitant  of  broncho-pneumonia. 

In  all  these  forms  of  lobular  pneumonia  anlema  and  aleleclasis  of 
uninvolved  portions  of  the  lung  may  occur. 

It  is  evident  that  in  lobular  pneumonia  the  infectious  agent  may  reach 
the  lungs  either  through  the  air  passages  or  through  the  blood-  or  lymph- 
vessels,  and  that  differences  in  the  portals  of  entry  as  well  as  in  the 

nature  and  virulence  of  the  excitant  and  the  susceptibility  of  the  indi- 
vidual have  an  important  bearing  both  upon  the  course  of  the  disease 

and  the  morphology  of  the  lesion. 
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The  Excitants  of  Lobular  and  Brontho-Pneumoma. — The  exci- 

tants of  brom-ho-pneumonia  and  other  types  of  lobular  pneumonia  are 
most  frequently  yirpptococcus  pyogenes  (Fig.  387),  the  pneumococous, 
Staphylococcus  pyogenes,  the  typhoid,  <liphtheria,  influenza,  and 
plague  bacilli,  and  the  pneumobacillus  of  Friedlander;  tlie  streptothrix, 

above  mentioned,  and  other  bacteria  have  been  occasionally  found.' 
Pathogenic  moulds  may  be  excitants  of  acute  forms  of  lobular  pulmonarv 
inflammation. 

Thin  Mpec-Imen  b  From  n  case  of  broncho-pnpiimonia  rompllmtiDE  n  peruilo-mi'inbraDDiu  inflam- 
malion  of  lliv  1sr>'nx  in  »arliL<iiis.  Eifoliated  epithelium,  leucocytes,  HJiJ  n  Jillic  fibrin  with  (be  slrep- 
lococci  form  Ihc  scanty  cxudulc. 

It  will  thus  be  seen  that  while  it  is  convenient  to  group  the  exudative 
forms  of  pulmonary  inflammation  on  the  basis  of  distinctions  which  are 
in  part  morphological,  in  part  etiological,  the  types  in  fact  frcLjuently 
merge  or  concur.  This  should  not  lead  to  confusion  if  we  remember 
that  these  are  infectious  diseases  whose  most  conspicuous  lesion  is  located 

in  the  lungs,  and  that  they  are  not  species  in  the  natural-history  sense, 
for  which  fi\ed  and  definite  characters  must  be  established,  but  that  the 
groups  only  indicate  various  forins  and  phases  of  response  of  a  living 
organ  in  various  conditions  of  susceptibility  to  the  damage  inflicted  by 
one  or  another,  and  not  infretiuently  by  two  or  more  combined  forms  of 
micro-organisms.  These  pneumonias  are  not  considered  among  the 

infectious  diseases  where  thej'  logically  belong,  partly  because  there  are 
practical  advantages  in  grouping  pulmonary  lesions  together  and  partly 
because  our  knowledge  of  the  relative  frequency  and  significance  of  the 
bacterial  excitants  of  the  various  types  is  still  in  many  cases  too  incom- 
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plete  to  permit  the  establishment  of  a  distinctive  and  clearly  defined 
form  of  infection.' 

Interstitial  Pneumonia. 

This  name  is  given   to  a  chronic  productive  inflammation,   which 
involves  the  connective-tissue  framework  of  the  lung  and  the  walls  of  the 

air  spaces,  and  results  in  the  formation  of  new  connective  tissue  and  the 
obliteration  of  the  air  spaces  (Fig.  388). 

Huch  an  intei^stitial  pneumonia  may  follow  acute  lobar  pneumonia 
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with  the  production  of  new  intra- alveolar  c-onnettive  tissue,  broncho- 
pneumonia, (rhronif  pleurisy,  chronic  bronchitis,  and  atelectasis,  or  may 

be  induced  by  the  inhalation  of  the  dust  of  coal,  stone,  or  other  inor- 
ganic substances.  DUTuae  interstitial  pneumonia  may  occur  in  syphilis. 

The  topography  of  the  lesion  varies  considerably  in  the  different  con- 
ditions under  which  the  new  tissue  growth  occurs.  If  it  follow  acute 

lobar  pneumonia,  one  lobe  or  the  whole  of  one  lung  may  be  involved  and 
covered  with  pleuritic  adhesions.  The  lobe  or  the  lung  is  small,  smooth 
on  section,  and  firm  in  texture.  The  air  spaces  and  small  bronchi  may 

be  largely  obliterated  by  the  new  connective  tissue.  If  it  follow  broncho- 
pneumonia, one  or  more  lobes  are  studded  with  fibrous  nodules,  which 

correspond  to  the  affected  bronchi  and  the  associated  lung  territory;  or 
a  large  part  of  a  lobe  is  converted  into  dense  fibrous  tissue;  the  pleura 
may  be  thickened;  there  may  be  chronic  bronchitis  and  bronchicctasia. 

Flo.    3Sfl.-CHHOMIclNT« 

If  interatitial  pneumonia  be  associated  with  thickening  of  the  pleura, 
bands  of  connective  tissue  extend  from  the  pleura  into  the  lung,  the 
bronchi  are  inflamed  and  often  dilated.  When  associated  with  chronic 

bronchitis  there  arc  fibrous  nodules  around  the  bronchi,  with  more  or 
less  diffuse  connective  tissue. 

The  changes  in  interstitial  pneumonia  may  occur  by  a  slow  hyperpla- 
sia of  the  fibrous  tissue  or  by  the  formation  of  granulation  tissue,  which 

gradually  becomes  denser  with  contraction.  Although  this  process  is 
primary  in  the  interstitial  tissue,  exudates  are  often  present  in  the  air 
spaces;  atelectasis  may  occur,  while  emphysema  and  bronchiectasia  are 
common. 

Sometimes  a  noteworthy  change  occurs  in  the  epithelium  lining  air 
vesicles  which  have  been  cut  off  from  their  neighbors  by  the  new  fibrous 
tissue.  The  epithelial  cells  increase  in  number,  .become  thicker,  and 
finally  the  small  or  distorted  cavities  may  be  lined  with  a  complete 
investment  of  cuboidal  cells  (Fig.  389).  This  reversion  of  the  epithelium 
of  the  air  vesicles  to  a  less  differentiated  type  occurs  in  many  chronic 
processes  in  the  lungs. 
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Pigmentation  of  the  Lung.— The  inhalrttion  of  dust  and  Rmoke  is  so 
continuouB  among  those  who  live  much  indoors  that  the  lungs  of  nearly 

all  persons  from  the  earliest  years  are  more  or  leas  pigmented.  The  for- 
eign particles  which  get  into  the  deeper  recesses  of  the  lungs  are  in  part 

taken  up  by  the  epithelium  of  the  air  spaces,  in  part  are  carried  by 
phagocytes  or  otherwise  to  the  interstitial  tissue  of  the  lungs  (Fig.  390). 
Here,  either  within  cells  or  without,  they  are  deposited  along  and  within 

the  lymph  channels  or  in  the  lymph-nodules  of  the  pleura  and  interstitial 

ti.'isue  (Fig.  391),  or  they  may  be  carried  to  the  lymph-nodes  at  the  root 
of  the  lungs.  Rarely,  thi.s  inhaled  dust  passes  the  tracheal  and  bron- 

chial lymph-nodes  and  may  be  deposited  in  the  viscera,  especially  in  the 
liver  and  spleen. 

Under  ordinary  conditions  a  moderate  deposit  of  inhaled  pigment 
particles  in  the  lungs  does  not  seem  to  be  of  great  significance,  but  it  does 
lead,  if  present  in  amounts  as  large  as  are  frequently  found  in  the  air 
of  many  private  houses,  stores,  factories,  theatres,  and  other  places  of 
public  assembly,  to  obliteration  of  lymph-channels  and  conversion  of 
lymph-nodes  into  masses  of  pigmented  fibrous  tissue  and  in  this  way 
there  is  little  doubt  that  it  may  predispose  to  more  serious  lesions. 
On  the  other  hand,  miners  and  others  working  or  confined  in  smoky 

air,  stone  or  metal  workers,  and  the  like,  arc  liable  to  excessive  pig- 
mentation and  to  develop  interstitial  pneumonia,  especially  marked  at 

first  along  the  interlobular  septa  and  frequently  associated  with  chronic 
bronchitis,  emphysema,  atelectasis,  or  bronchiectasia.  This  condition  of 
the  lung  when  due  to  the  inhalation  of  coal  dust  la  called  anlhracosis; 

when  due  to  dust  of  various  minerals,  chalicom's;  when  due  to  iron  dust, 
siderosis.'  The  general  process  has  been  called  pneiimokoniosi's.  The 
color  varies  in  these  lungs  with  the  character  and  amount  of  the  deposited 
material,  which  is  frequently  quite  unevenly  distributed.  The  amount 

of  foreign  material  in  such  lungs  is  sometimes  large.' 

1  For  fl  iludy  of  the  condition  of  iron  pigmvDt  in  cells  nnd  liaaues  see  Amatd.  Vireh.  Areh.,  Bd. 
clxi.,  p.  :iS4.  leoo. 

'  For  an  analynis  of  the  [ungs  of  a  rn»e  of  extreme  an thraconia  sec  Horffnpi/I.  Pioc.  New  York  Path, 

For'a    Bummar?-    of    ilusly    tmdes    and    consiimiilioD,  -ce   Hoffmnn.   Bureau   o(   Labor.    Dcpt    of 
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Tuberculous  Pneumonia. 

General  Considerations. — Tuberculous  inflammation  of  the  lungs  is 
similar  in  nature  to  tuberculous  inflammation  in  other  parts  of  the  body. 

But  since  the  morphological  features  of  the  response  of  a  tissue  to  injury- 
are  largely  dependent  upon  the  form  and  capacities  of  its  cells,  it  is  not 

surprising  that  in  such  complex  organs  as  the  lungs,  the  lesions  of  tuber- 
culosis should  present  many  variations  from  the  usual  type  elsewhere. 

The  bronchial  passages  and  the  connecting  air  spaces,  the  numerous 
blood-  and  lymph-channels,  especially  favor  the  distribution  of  the 
tubercle  bacillus  within  these  organs;  the  open  texture  of  the  lungs  per- 

mits, as  in  other  forms  of  pneumonia,  of  great  accumulation  of  exudate, 
while  the  delicacy  and  thinness  of  the  air  chambers  favor  extensive 
disintegration  of  the  old  or  new-formed  tissues  or  exudates  when  these 
have  become  necrotic  under  the  influence  of  the  poisons  of  the  tubercle 
bacilli. 

Thus  the  variety  of  cells  and  tissues  involved  and  their  peculiar  rela- 
tionships to  one  another  and  to  the  invading  organisms  render  the  lesions 

of  pulmonary  tuberculosis  more  complex  in  morphology  than  are  tuber- 
culous lesions  in  any  other  part  of  the  body. 

The  classification  of  these  lesions  is  largely  based  upon  topographic 

considerations  and  is  not  to  be  regarded  as  indicating  fundamental  differ- 
ences in  the  reaction  of  the  tissues. 

Portals  of  Entry. — Tubercle  bacilli  may  enter  the  lungs  either  through 
.  the  blood-  and  lymph-vessels,  being  brought  from  a  focus  of  tuberculous 
inflammation  in  another  part,  of  the  body,  or,  as  is  fre(iuently  the  case, 
they  are  introduced  through  the  air  passages  by  the  inhalation  of  floating 
dust  particles,  among  which  are  living  tubercle  bacilli.  There  is  evidence 
that  tubercle  bacilli  may  enter  the  body  through  the  nasal  and  buccal 
mucosa  or  the  tonsils  or  through  gastro-intestinal  mucous  membrane 

without  the  development  of  tuberculous  lesions  at  the  point  of  entry.  ̂ 
Reaction  of  Tissue. — The  introduction  of  tubercle  bacilli  into  the 

lungs  may  induce  an  exudative  inflammation  with  the  accumulation  of 

fibrin,  leucocytes,  and  exfoliated  epithelium  in  the  air  spaces;  a  produc- 
tive inflammation  with  the  growth  of  epithelial  cells,  or  of  round-celled 

tissue,  or  of  a  tissue  composed  of  basement  substance,  large  and  small 
cells,  and  giant  cells  called  tubercle  tissue  (see  p.  252) ;  or  there  may  be 
added  necrosis  of  the  new  tissue  and  of  portions  of  the  lung.  All  of  these 
phases  of  tuberculous  lesions  may  and  usually  do  occur  together. 

The  character  of  the  inflammation  in  each  case  seems  to  be  governed 
by  the  type  of  cells  especially  involved,  by  the  number,  virulence,  and 
proliferative  capacity  of  bacilli  which  are  introduced  into  the  lungs,  and 

the  way  in  which  these  enter,  as  well  as  by  the  susceptibility  of  the  indi- 
vidual. If  a  large  number  of  virulent  tubercle  bacilli  be  inhaled  or 

aspirated  through  the  bronchi,  or  if  the  bacilli  grow  with  great  rapidity, 

•  For  a  discussion  of  the  sources  and  portals  of  entr>'  of  the  tubercle  bacillus  see  p.  264. 
For  a  study  of  tubercle  bacillus  in  the  blood  in  pulmonary  tuberculosis  see  Ludke,  Wiener  klin. 

Woch.,  p.  949,  1906.     See  also  ref.  Andermn,  p.  264. 
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both  productive  and  exudative  inflammations  may  be  set  up  in  a  consid- 
erable portion  of  the  lungs.  If,  on  the  other  hand,  but  few  bacilli  enter 

and  their  proliferation  or  virulence  be  not  extreme,  or  if  these  find  their 

way  in  small  numbers  into  the  lungs  through  the  blood-vessels  or  lym- 
phatics, then  there  may  be  small  foci  of  productive  inflammation  with 

but  little  exudation.  The  tuberculous  alterations  in  the  lungs  are  usually 
accompanied  or  followed  by  a  series  of  secondary  processes  which  often 
complicate  the  condition  of  the  patient  as  well  as  the  morphological 
appearances  of  the  organs.  The  obliteration  or  destruction  of  the 
smaller  blood-vessels  of  the  lungs  in  the  tuberculous  areas  contributes  to 
the  gray  or  whitish  appearance  of  the  lesions,  due  largely  to  new-formed 
tissue  or  accumulated  exudate.  The  formation  of  fibrous  tissue  in  the 

attempts  at  repair  of  the  damage  wrought  by  the  tubercle  bacillus  often 
dominates  the  structural  picture. 

Classifications. — The  traditional  distinctions  between  acute  and 
chronic  forms  of  pulmonary  tuberculosis  are  often  morphologically  not 
at  all  well  defined  and  are  of  value  chiefly  for  clinical  purposes. 

It  has  been  customary  to  set  apart  those  forms  of  acute  tuberculosis 
of  the  lungs  in  which  the  lesions  are  in  the  form  of  small  discrete  so- 

called  ̂ *  miliary  '*  foci,  calling  the  condition  Acute  Miliary  Tuberculosis. 
The  other  tuberculous  lesions  involving  in  varying  degree  the  lungs  and 
the  bronchi  with  associated  and  often  extensive  exudative  necrotic  and 

reparative  processes  have  been  commonly  jumbled  together  as  Acute  and 
Chronic  Phthisis,  many  phases  of  which  have  been  elaborately  described 
as  if  they  were  the  expression  of  independent  processes. 

With  our  present  knowledge  of  the  nature  and  etiology  of  tuberculosis 
it  seems  better  to  let  the  word  phthisis  fall  into  disuse  as  speedily  as 
possible,  and  to  consider  under  more  exact  and  significant  designations 
such  phases  of  pulmonary  tuberculosis  as  the  morphological  characters 
of  the  lesions  justify.  We  shall  review  the  lesions  of  pulmonary  tuber- 

culosis then  under  the  following  primary  headings: 
1.  Focal  or  miliary  tuberculosis. 

2.  Tuberculous  broncho-pneumonia. 
3.  Complex  forms  of  nodular  and  diffuse  tuberculous  lesions. 
4.  The  formation  of  cavities. 

5.  Secondary  lesions  in  pulmonary  tuberculosis. 
G.  Concurrent  infection. 

Focal  Tuberculosis.     (Miliary  Tuberculosis). 

Acute  Miliary  Tuberculosis. — The  rapid  and  widespread  development 
of  miliary  tubercles  in  the  lungs  is  often  a  part  of  general  tuberculosis, 
although  the  lesion  may  be  most  extensive  in  the  lungs.  Both  lungs  are 
apt  to  be  involved,  but  the  distribution,  number,  size,  and  character  of 
the  miliary  tubercles  differ  in  different  cases.  The  tubercles  are  found 
in  the  parenchyma  of  the  lung,  in  the  connective  tissue  forming  the 
septa,  along  and  in  the  walls  of  the  bronchi  and  blood-vessels,  and  in  the 
pulmonary  pleura.     They  may  be  scattered  singly  through  the  lungs 
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(Plate  IV.),  or  aggregated  in  groups  (Plate  VI.  and  VII.).  They  may- 
be separated  by  considerable  interspaces,  or  so  close  together  that  the 

lung  is  rendered  nearly  solid.  Home  are  so  small  and  transparent  that 
they  can  hardly  be  seen  with  the  naked  eye;  others  are  larger  and  more 
opaque  and  may  have  a  lighter  centre  marking  the  area  of  necrosis. 

In  many  cases  it  is  evident  that  the  lungs  are  infected  through  the 
blood-vessels  or  the  lymphatics,  for  the  general  tuberculous  infection 
is  secondary  to  a  locahzed  tuberculosis  either  in  the  lungs  or  in  some 
other  part  of  the  body.     In  a  considerable  proportion  of  cases  of  miliary 

«hosr  wnllB  BK  ohMtcn 

tuberculosis  of  the  lungs,  tuberculous  lesions  of  the  bronchial  lymph- 
nodes  or  of  the  lung  tissue  at  the  apex  of  much  longer  standing  indicate 
the  probable  immediate  source  of  origin  of  the  widely  distributed  tubercle 
bacilli.  Very  often  in  miliary  tuberculosis  of  the  lungs  the  tubercles  in 
one  part  of  the  lungs  arc  larger  and  appear  to  be  older  than  those  in 
other  parts.  Thus  it  is  not  infrequent  to  find  the  tubercles  in  the  upper 
portion  of  the  lungs  more  abundant,  larger,  and  more  fibrous  than  in  the 
lower  lobes  (see  Plate  VII.).  It  is  in  fact  probable  that  in  many  cases 
of  acute  miliary  tuberculo-sis  of  the  lung,  either  associated  or  not  with 
older  local  tuberculous  lesions  from  which  the  difitribution  of  bacilli  may 
have  taken  place,  the  generalization  has  not  occurred  at  once,  but  by 

ive  fresh  infections.' 

I  For  referenrra  lo  the  origin  of  milinry  tuberculosia  see  Benrfo.  I.ubaiBch  and  Osteftoa's  "Ergeb- 
."  Jnhrg.  V,.  p.  447,  ISflH;  sco  bIsd  ret.  to  Sibberl,  foot-nole  p.  zai:. 



Pathology—Delafield  and  Prudden. 

Miliary  Tuberculosis  (Acute)  of  the  Lung. 
The  miliary  tubercles,  small  and  iiregular  in  shape,  are  distributed 

tbrcmgfaout  ttie  lung — more  abundantly  in  the  upper  and  middle  thirds. 
The  blood-vessels  are  injected  with  blue  gelatin,  so  that  in  this 

photographic  reproduction  of  the  specimen  the  uninvolved  portions  of 
the  hing  are  dark,  while  the  tubercles — in  which  the  bbod-vessels  arc 
compressed  ot  obliterated— ore  light. 
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Miliary  tubercles  in  the  lungs  are  in  structure  essentially  aimilar  to 
those  formed  elsewhere  in  the  body,  except  that  the  filling  of  the  air 
spaces  with  exudate  makes  the  lesion  somewhat  more  complex. 

The  tubercles  may  be  composed  of  small  spheroidal  cells  or  of  larger 
polyhedral  cells  with  more  or  less  fibrous  stroma,  or  of  small  and  large 
cells  and  stroma.     Giant  cells  may  be  present,  coagulation  necrosis  is 

usual  (Fig.  148,  p.  254),  Such  forms  of  miliary  tubercles  may  be  and 
commonly  are  associated  with  the  presence  of  an  exudate  in  the  adjacent 

or  involved  air  vesicles  (Fig.  'S{)2).  This  exudate  may  be  largely  made 
up  of  exfoliated  epithelial  cells  which  have  proliferated;  or  with  these 
there  may  be  serum,  leucocytes,  and  fibrin.  The  blood-vessels  within 
the  tubercles  which  replace  the  lung  tissue  are  partially  or  wholly  oblit- 

erated (Fig.  3i)3). 
But  the  miliary  foci  of  tuberciilous  inflammation  in  the  lungs  may 

consist  wholly  of  inflammatory  exudate  which  early  becomes  necrotic, 
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often  with  necrosiH  of  the  walls  of  the  involved  air  spaces.  Such  tuber- 
clea  of  the  exudative  type  are  apt  to  occur  in  children  and  usually  eon- 
tain  large  numbers  of  tubercle  bacilli.  They  may  occur  in  connection 
with  various  other  phases  of  acute  and  chronic  pulmonary  tuberculosis. 

When  miliary  tubercles  are  situated  in  the  parenchyma  of  the  lung 
the  walls  of  the  air  spaces  may  be  visible  in  the  new  growth  or  they 
may  be  largely  or  wholly  obliterated  (Fig.  3!)4). 

In  the  obliteration  of  the  walla  of  the  air  vesifles.  theirfornier  situa- 
tion may  be  indicated  by  structureless  bands  or  streaks  of  necrotic 

material,  or  they  may  disappear  altogether. 

Thrre  ik  ppIIuLhi 

Chronic  and  "Healed"  Miliary  Tubercles. — The  small  foci  of  tubercu- 
lous inflammation  which  are  called  miliary  tubercles  may.  as  we  shall 

see  later,  e.xtenil  and  coalesce  so  that  with  more  or  lews  exudative  pneu- 
monia large  areas  of  the  lung  may  become  consolidated,  thus  developing 

one  of  the  forms  of  pulmonary  tuberculosis  called  phthisis. 
On  the  other  hand,  small  tuberculous  foci  in  the  lungs  may  with  or 

without  extensive  necrosis  become  surrounded  by  or  converted  into 
manses  of  dense  fibrous  tissue.  These  fibrous-tissue  masses,  which  are 

often  called  "healed  tubercles"  {Figs.  395  and  3!t()),  may  contain  necrotic 
material,  are  often  mottled  black  from  anthracotic  pigment,  or  they  may 
be  calcified  at  the  centre.  Tubercle  bacilli  may  be  absent  from  them,  or 
the  bacilli  may  remain  alive  within  them  for  a  long  time  quiescent  but, 

as  Lartigau  and  others  have  shown,  still  virulent.  When  such  circum- 
scribed masses  of  more  or  less  fibrous  tubercle  tissue  are  scattered 

through  the  lungs,  although  the  individual  masses  may  be  of  considerable 

size,  the  process  is  sometimes  called  "chronic  miliary  tuberciiloi'i-f." 
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It  ahoiild  be  ri?membere<l  that  the  new  fibrous  tissue  which  forms  in 

and  about  miiiaiy  tubercleK,  as  well  as  other  tuberculous  lesions,  is  the 
result  of  a  distinctly  reparative  process  in  which  the  already  formed 
tubercle  tissue  or  JtH  products  apparently  act  somewhat  as  foreign  bodies 
may  in  inducing  fibrous-tissue  growth. 

Tdbercvloi's  Broncho-Pneumonia. 

In  another  most  important  phase  of  tuberculous  inflammation  of  the 
lung  there  is  an  involvement  of  the  walls  of  the  smaller  bronchi  and  the 
aasociatetl  groups  of  air  spaces.  This  may  occur  through  inhalation  of 
bacilli  or  by  their  aspiration  from  an  established  tuberculous  focus;  for 

example,  from  a  lesion  at  the  apex,  or,  as  is  often  the  case  in  children, 
from  tuberculous  bronchial  lymph-nodes;  or  infection  may  take  place 
through  the  blood-  or  lymph-vessels.  In  the  early  stages  of  tuberculous 
broncho -pneumonia  the  cut  surface  of  the  fresh  lung  may  present  small 
gray  or  yellowish  white  areas  of  consolidation  with  necrosis  clustered 
about  the  small  or  terminal  bronchi  (Plate  V,),  The  process  is  at  first 
largely  exudative,  involving  a  catarrhal  and  necrotic  inflammation  of  the 
mucous  membrane  of  the  bronchus  with  more  or  less  exudate — which  also 

may  soon  become  necrotic — in  the  associated  groups  of  air  spaces  (Fig. 
397).     yometimca  organize<l  tubercle  tissue  may  form  in  the  walls  of 



Pathology — Delafield  and  Pniddeo. 

Tuberculous  Broncho-Pneumonia, 

The  walls  of  the  smaller  bronchi  are  involved,  being  thickened  and 
caoeous,  while  the  ulceration  of  many  of  them  has  led  to  the  formation 
of  numerous  small  cavities. 

The  bloodvessels  are  injected  with  blue  gelatin,  so  that  the  less 
affected  and  the  intact  parts  of  the  lungs  are  the  darker. 
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the  bronchi,  with  thickening  of  the  walls  and  olihteration  of  the  blood- 
vessels of  the  adjacent  air  spaces. 

By  the  extension  of.  the  process  from  one  and  another  affected  bron- 
chus, and  the  coalescence  of  these,  large  areas  of  the  lungs  may  become 

involved.  In  this  more  advanced  stage  of  broncho-pneumonia  the  larger 
and  smaller  consolidateil  areas  may  be  dark  red  with  firmer  gray  or  yel- 

lowish gray  central  portions,  in  which  the  blood-vessels  are  obliterated, 
or  the  whole  area  may  be  solid  and  in  the  fresh  lung  grayish  white.  This 

new-formed  tissue  may  undergo  necrosis  and  ulceration  so  that  with  an 
advancing  consolidation  of  the  lung  tissue  about  the  bronchi  numerous 

I    Bkcjncmii-Pbei'hijnc*. 

jn  Brute  phthiBB.     To  the  right  are  small 

larger  and  smaller,  rough,  irregular  cavities  may  be  formed  (Fig.  398). 
Thp  walls  of  the  larger  bronchi  also  may  become  the  seat  of  a  tubercu- 

lous inflammation  with  more  or  less  necrosis  (Fig.  399).  Ulceration 
of  these  necrotic  bronchial  walls  may  lead  to  the  formation  of  ragged 
cavities  (Plate  IX.  and  Fig.  400). 

The  secondary  development  of  den.ie  fibrous  tissue  in  connection  with 
tuberculous  broncho-pneumonia  is  a  marked  feature  of  the  persistent  or 
chronic  forms.  Tuberculous  broncho-pneumonia  is  one  of  the  most 
important  of  that  complex  of  pulmonary  lesions  called  phthisis,  and  is 
commonly  associated  with  other  forms  of  tuberculous  involvement  of  the 

organ — miliary  tubercles,  larger  areas  of  consolidation,  etc. 



Pathology— DelafieW  and  Pnidden. 

Miliary  Tubercles  and  Tuberculous  Broncho- Pneumonia  with 
Diffuse  (Chronic)  Tuberculous  Lesions  in  the  Apex. 

There  is  in  the  apex  tuberculous  consolidatioii  with  coagulation 
necrosis  (caseation),  new  fibrous  tissue,  and  a  small  cavity.     The  middle 
thild  of  the  hing  contains  many  small  single  and  clustered  miliary  tuber- 

cles and  foci  of  tuberculous  broncho -pneumonia.     The  lower  third  con- 
t^ns  a  few  sunilar  small  tuberculous  foci,  also  scattered  and  in  clusters. 

The  appearance  of  the  lung  leads  lo  the  conjecture  that  tubercle 
bacilli  may  have  been  gradually  disseminated  from  the  earlier  lesion  in 
the  apex.    The  blood-vessels  are  injected  with  blue. 
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Complex  Forms  of  Nodular  and  Diffuse  Tuberculous  Lesions. 

(Phthisis.) 

With  or  without  the  various  well-defined  forms  of  tuberculous  bron- 

cho-pneumonia and  miliary  tubercles  above  described,  there  may  be 
more  or  less  circumscribed  small  or  large  areas  of  productive  and  exuda- 

tive tuberculous  inflammation  of  the  lung  with  necrosis,  both  of  the  lung 

tissue,  the  new-formed  tissue,  and  the  exudate  (Plate  XII.).  These  may 
develop  as  the  result  of  fresh  infections  of  the  lung  through  the  lym- 

phatics or  otherwise.  These  areas  or  nodules  may  coalesce  so  that  whole 
lobes  or  parts  of  lobes  of  the  lungs  may  become  consolidated  (Plates  VH. 
and  VIII.).  Microscopically,  these  consolidated  areas  may  be  composed 
of  tubercle  tissue  more  or  less  necrotic,  with  partial  or  total  obliteration 
of  the  walls  of  the  air  spaces.  On  the  other  hand,  when  the  process  has 
been  exudative  as  well  as  productive  in  character,  one  may  see  in  the  solid 
areas  the  outlines  of  the  air  vesicles  and  larger  spaces;  but  these,  to- 

gether with  the  enclosed  exudate,  may  be  necrotic  and  granular  with 
few  stained  nuclei  and  fragments  of  chromatin.  Much  of  the  exudate 

which  fills  the  air  vesicles  either  within  or  about  these  more  densely  con- 
solidated areas  may  not  be  caseous  or  necrotic,  but  may  consist  of  well- 

preserved  or  fatty  epithelial  cells,  or  of  these  with  varying  t}uantities 
of  leucocytes  and  fibrin. 

Aside  from  these  complex  forms  of  nodular  and  diffuse  tuberculous 
lesions  one  may  recognize  a  Diffuse  Exudative  Tuberculous  Inflammation 

of  the  Lungs  of  Acute  and  of  Chronic  T)rpe. — Cheesy  Pneumonia ;  Pneu- 
monic Phthisis. 

1.  Acute  Type. — Sometimes  large  areas  or  whole  lobes  or  the  whole 
lung  may  be  the  seat  of  an  exudative  process  by  which  the  affected  region 
becomes  solidified,  the  exudate  consisting  of  epithelium  with  more  or  less 

fibrin  and  pus.  This  exudate,  together  with  the  lung  tissue,  soon  under- 
goes necrosis,  so  that  the  solidified  lung  becomes  dense,  mottled,  and 

gray  in  color.  Extensive  disintegration  (Fig.  401)  of  the  consolidated 
and  necrotic  portions  of  the  lung  may  take  place,  with  the  formation  of 
large  ragged  cavities  (see  Plate  X.).  In  many  cases  enormous  numbers 
of  tubercle  bacilli  are  present  in  the  exudate  of  the  involved  region  in 
this  type  of  exudative  and  necrotic  pulmonary  tuberculosis. 

2.  Chronic  Type. — There  may  be  a  more  gradual  development  of 
the  exudate,  involving  larger  or  smaller  areas,  often  w4th  tuberculous 
thickening  and  necrosis  of  the  walls  of  the  air  spaces.  With  this  as  with 
other  forms  of  pulmonary  tuberculosis  there  may  be  associated  a  growth 
of  simple  fibrous  tissue  with  the  formation  of  cavities. 

Not  infrequently  the  exudate  in  such  forms  of  diffuse  tuberculous 
inflammation  of  the  lung  is  less  cellular  and  more  serous  or  sero-fibrinous 
in  character,  when  the  appearance  of  the  consolidated  region  is  trans- 

lucent and  gelatinous. 

Obliteration  of  the  larger  blood-vessels  by  thrombosis  or  inflamma- 
tion of  the  wall  often  plays  an  important  part  in  most  forms  of  tubercu- 
lous lesions  of  the  lungs.     When  large  trunks  are  involved,  large  lung 
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areas,  supplied  by  the  occluded  vessels,  particularly  those  in  which  exu- 
date is  present,  may  become  necrotic  en  masne,  then  often  appearing  on 

section  smooth,  shining,  grayish- white  in  color,  and  bloodless. 

T  Ti'BBRCULtmin — GxcDATivB  TrPE  (AciTB  Phtwsis — Chibst  P 

The  Formatiom  of  Cavities  in  Pulmonary  Tuberculosis. 

We  have  seen  that  in  tuberculous  broncho-pneumonia  ragged  cavities 
may  form  by  a  progressive  necrosis  and  disintegration  of  the  thickened 
walls  of  the  affected  bronchi  and  the  adjacent  lung  tissue  (Plate  IX. 



Pathology— I^^'^*^'^  *'**^  Prudden. 

In  the  upper  third  of  the  lung  there  is  tuberculous  broncho-pnen- 
monia  with  commencmg  ulceration  of  small  bronchi:  nearly  complete 
consolidation  from  the  extension  and  coalescence  of  small  tuberculous 
foci  and  diffuse  formation  of  fibrous  tissue. 

In  the  lower  thiid  of  the  lung  are  irregular,  dense,  sharply  outlined 
tuberculous  foci  (chronic  miliary  tubercles). 

In  the  middle  third  there  is  tuberculous  pneumonia  of  the  exudative 
type,  the  incompletely  consolidated  areas  having  become,  in  part,  caseous. 

The  less  involved  portions  of  the  lung  in  this,  aa  in  the  other  in 
jected  specimens,  are  the  darker. 
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and  Fig.  400).  Similar  destructive  alterations  may  OL-cur  in  the  areas 
of  tuberculous  and  necrotic  tissue  which  involve  largpr  and  smaller 
portions  of  whole  lobes  (Plate 
XI.).  This  is  most  often  rapid 
and  extensive  in  solidified  and 
necrotic  areas  of  the  exudative 

type  (Plate  X.  and  Fig.  401). 

These  ragged  cavities  may  com- 
municate with  one  another  as 

well  as  with  the  bronchi. 

While  at  first  without  dis- 
tinct limiting  walls,  if  the  ne 

erotic  process  be  not  too  active 
and  extensive,  new  fibrous  tis- 

sue may  gradually  form  about 
tuberculous  cavities  (Plate  Xil. 
and  Fig.  402) ;  and  these  may 
become  lined  with  granulation 

tissue  or  a  layer  of  new-formed 
tul>ercle  tissue.  Here  an  enor- 

mous proliferation  of  tubercle 
bacilli  may  occur  for  long  pe- 

riods. These  may  l>e  cast  out 
in  the  sputum  or  aspirated  into 
other  parts  of  the  lungs.  The 
old  blood-vessels  of  the  in- 

volved portion  of  the  lung  may 
lie  upon  the  walls  or  stretch 
across  tliese  cavities,  sometimes 

with  obliterated  lumina,  some- 
times still  permeable;  and  from 

these  ha'morrhages  may  occur. 
There  may  be  continuous  and 

prolonged  suppuration  of  the         •"■■  S.lSrp"™ir;S,' SS"""" 
walls  of  the  cavities  and  putre-  Then  is  mucb  dense  RlirouB  tiHiue  ID  the  upper  lobe 

factive  processes  may  be  incited  u'""""o"^n"of  thnower'tow""'"*' "  "*"  "  ""^ 
by  the  advent  through  the  air 
passages  of  various  forms  of  bacteria.  The  walls  of  cavities  may  become 
fibrous  with  an  arrest  of  the  tuberculous  process,  and  they  may  become 
shut  off  from  bronchial  communication. 

Secondary  Lesions  in  Pulmonary  Tuberculosis. 

A  variety  of  secondary  processes  may  be  associated  with  the  various 
pha.sps  of  pulmonary  tuberculosis  which  we  have  briefly  reviewed.  The 
hlood-vesi^eh  in  affected  regions  may  be  intact,  or,  as  we  have  seen,  their 
walls  may  be  involved  in  the  productive  and  necrotic  processes,  with 
thrombosis  or  obliteration  of  the  lumen;  or  more  or  less  extensive  hiemor- 
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rhages  may  occur.  If  the  consolidation  be  not  complete,  lung  tissue, 
often  in  a  condition  of  atelectasis  or  emphysema  and  with  more  or  less 
cellular  or  granular  exudate,  may  remain  between  the  tuberculous 
areas.  Miliary  tubercles  may  be  scattered  among  the  larger  consolidated 
masses  or  in  parts  of  the  lung  otherwise  free. 

In  chronic  forms  of  pulmonary  tuberculosis  the  anthracotic  pigment 

is  often  conspicuous,  particularly  in  the  cheesy  and  fibrous  areas,  stand- 
ing out  in  masses  and  streaks  in  contrast  to  the  new  or  dead  tissue. 

Furthermore,  there  may  be  associated  with  the  lung  lesions  acute 
exudative  or  chronic  fibrous  pleuritis  with  adhesions;  or  tuberculous 
pleuritis  of  varying  extent;  empyema  and  pneumothorax.  There  is 
nearly  always  more  or  less  chronic  catarrhal  bronchitis  or  broncho-pneu- 

monia and  frequently  bronchiectasia. 

Tuberculous  inflammation  in  the  bronchial  lymph-nodes  frequently 
accompanies  and  often  precedes  the  development  of  pulmonary  tuber- 

culosis. In  children  the  tuberculous  lymph-nodes  often  extend  far  into 
the  lung  and  may  on  softening  give  rise  to  cavities  at  a  considerable 
distance  from  the  hilus  of  the  lung. 

Tuberculosis  in  other  parts  of  the  body  is  common  in  connection  with 
pulmonary  tuberculosis. 

In  all  these  various  processes  new-formed  fibrous  tissue^  not  tuber- 
culous in  character,  may  develop,  variously  distorting  the  lungs  and 

sometimes  enclosing  the  tuberculous  areas.  There  is  much  reason  for 
the  belief  that  the  characteristic  so-called  tubercle-tissue  formation  in  all 
phases  of  tuberculosis  is  a  response  of  the  living  cells  to  injury,  which  as 
in  other  phases  of  inflammation  is  fundamentally  conservative  (see  p. 
107).  But  whether  this  be  so  or  not,  it  is  certain  that  it  is  through  the 
development  of  fibrous  tissue,  which  is  so  important  a  feature  in  persist- 

ent phases  of  pulmonary  tuberculosis,  that  the  delimitation  or  replace- 
ment of  tuberculous  foci,  the  encapsulation  of  tuberculous  cavities,  etc., 

occur.  While,  therefore,  fibrous-tissue  formation  in  the  lung  is  fre- 
quently associated  with  the  necrotic  and  other  destructive  tuberculous 

lesions,  and  is  often  a  very  conspicuous  factor,  it  should  be  remembered 
that  the  healing  which  takes  place  in  the  majority  of  cases  in  man  after 
moderate  infection  is  achieved  through  its  agency. 

It  is  especially  upon  the  presence  or  absence  of  fibrous  tissue  in  the 
lesions  that  the  distinction  between  acute  and  chronic  phthisis  is  based. 

It  will  be  seen  from  this  brief  outline  of  various  prominent  phases 
of  pulmonary  tuberculosis  that  the  gross  appearances  of  the  lungs  are 
most  diverse,  although  the  processes  by  which  these  changes  are  induced 

are  few  and  comparatively  simple.  While  no  two  lungs  are  quite  simi- 
lar in  the  complex  phases  of  the  lesion,  systematic  gross  and  micro- 

scopical examinations  soon  enable  the  student  to  recognize  the  type  of 
lesion  under  great  complexity  of  detail. 

The   Distribution   of   the   Lesions  in  Pulmonary  Tuberculosis. 

Aside  from  general  miliary  tuberculosis  in  which  the  tubercles  are 
widely  distributed  throughout  one  or  both  lungs,  the  most  common  seat 



Patholoey— Delafield  and  Prudden. 

Diffuse  (Chronic)  Pulmonary  Tuberculosis — "  Chronic 

Phthisis." In  the  npper  half  of  the  lung  there  are  scattered  miliaiy  tubercles 
and  irregular  areas  of  consolidation,  with  a  diffuse  fonnation  of  Sbious 
tissue;  the  pleura  is  thickened.  A  large  portion  of  the  lower  lobe  is 
densely  consolidated  from  tubercle  tissue  and  exudate  with  coagulation 
necrosis  of  the  involved  regions.  These  regions  are  light  in  color, 
donse,  hard,  and  bloodless.  Such  dead  caseous  areas  may  persist  for 
some  time,  or  may  soften  and  disintegrate,  giving  rise  to  cavitiei. 





Pathology— DelaAeld  and  Prudden. 

Tuberculous  Bronchiectatic  Cavities  in  Pulmonary 
Tuberculosis. 

The  advancing  tuberculous  involvement  of  the  walls  of  the  layger 
bronchi  in  the  vpper  bbe  ia  associated  with  ulceration,  so  that  the  bron- 
dliectatic  cavities  gradually  become  larger.  In  the  upper  portion  of  the 
npper  lobe  there  ia  diffuse  consolidation  ivith  caseation ;  the  lower 

portion  of  the  lobe  shou's  miliary  tubercles  and  partial  consolidation  of 
the  lung  about  them  by  exudate. 

The  lower  lobe  is  free  save  for  a  few  scattered  tubercles.  The 

blood-vesaels  are  injected  with  blue  so  that  the  uninvolved  portions  of 
the  lung  are  duk. 
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and  start mp;-point  of  tuberculous  lesions  in  adults  is  the  apical  region  or 

the  depth  of  the  lung,  particularly  the  right,  somewhat  below  the.jfyex.^ 
In  children,  the  tuberculous  process  more  frec|uently  commences  in  the 

bronchial  lymph-nodes  (Plates  III.  and  XI.). 
From  the  apex  the  tuberculous  process  may  extend  downward,  and 

with  various  forms  of  lesions  involve  more  or  less  of  the  lungs.  It  is 
common  to  find  at  autopsies  older  fibrous  lesions  about  the  apices  while 
marks  of  more  active  processes  are  to  be  seen  below  (Plate  XII.).  In  a 
considerable  percentage  of  bodies  examined  at  autopsies,  small  and  often 

healed  tuberculous  foci  are  found  at  the  apex  or  in  the  bronchial  lymph- 
nodes  without  evidence  of  extension  of  the  process. 

Concurrent  Infection  in  Pulmonary  Tuberculosis. 

AVhile  it  has  been  definitely  established  that  tubercle  bacilli  are  the 
excitants  of  both  the  productive  and  exudative  forms  of  tuberculous 
inflammation,  these  bacilli  are  not  infrequently  associated  in  pulmonary 
tuberculosis  with  other  organisms,  especially  with  the  Streptococcus  and 
Staphylococcus  pyogenes,  w^th  Diplococcus  pneumoniae,  and  the 
influenza  bacillus. 

There  is  reason  to  believe  that  in  many  cases  at  least  the  concurrent 
infection  of  tuberculous  lungs  with  the  Streptococcus  pyogenes  may  be  an 
important  factor  in  the  formation  of  cavities  in  areas  of  consolidation 

already  established.^  The  pyogenic  cocci  apparently  play  an  important 
part  in  the  bronchitis  which  so  often  accompanies  acute  and  chronic 

phthisis. 
Bacteriapmia  has  been  shown  to  exist  in  a  certain  proportion  of  cases 

of  active  progressive  pulmonary  tuberculosis,  but  in  many  such  cases 

the  blood  is  sterile.' 

Artificial  Pulmonary  Tuberculosis  in  Animals. 

Much  light  may  be  gained  upon  the  successive  steps  in  the  development  of  the 
lesions  of  pulmonary  tuberculosis  as  well  as  upon  the  rapidity  with  which  in  a  suscepti- 

ble animal  the  lesion  may  develop,  by  the  study  of  the  tuberculosis  artificially  induced 
in  rabbits  with  pure  cultures. 

By  the  injection  of  tubercle  bacilli  alone  and  associated  with  streptococci  into  the 
lungs  of  rabbits  through  the  trachea,  it  has  been  possible  to  reproduce  very  closely  the 

lesions  of  pulmonary  tuberculosis  in  man.* 
If  a  small  quantity  of  a  pure  culture  of  the  tubercle  bacillus  in  very  minute  flocculi 

be  mixed  with  a  considerable  quantity  of  salt  solution  and  introduced  into  the  lungs 
of  rabbits  through  the  trachea,  a  number  of  small  areas  of  consolidation  are  produced 
which  have  the  gross  appearance  of  miliary  tubercles  (Fig.  403).  These  small  areas  of 
consolidation  are  composed  of  epithehal  cells  and  leucocytes.  After  the  development 
of  these  cell  masses,  which  may  occur  within  a  few  hours,  they  may  remain  with  little 
apparent  change,  or  become  more  or  less  infiltrated  with  leucocytes,  or  become  cheesy, 

^  For  a  suggestive  considemtion  of  apical  vulnerability  see  Hutchinson,  "Studies  in  Human  and 
Comparative  Pathologj',"  1901,  p.  81. 

-  For  bibliography  of  concurrent  infection  in  tuberculosis  see  Lartigaus  article  on  the  bacteriology, 
pathology,  and  etiology  of  tuberculosis,  "Twentieth-Century  Practice  of  Medicine,"  vol.  xx.;  also  for 
special  bibliography  of  concurrent  infection  in  pulmonary  tuberculosis  see  Marfan,  Bouchard  and 

BrLssaud's  "Traits  de  M^decine,"  t.  vii.,  p.  234,  1901. 
'For  a  study  of  bacteria?mia  in  pulmonary  tuberculosis  see  Jochmann,  Deut.  Arch.  f.  klin.  Med., 

Bd.  bcxxiii.,  p.  558.  1905. 
*  Prudden,  New  York  Med.  Jour.,  July  7th,  1894. 
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or  be  surroumle<l  by  a  dense  zone  of  email  spheroidal  ce\h;  or  small  foci  of  new  tissue 
with  more  or  less  exuilate,  and  necrosis,  may  form. 

When  Urger  quantities  of  the  tubercle  bacillus  are  introduced  into  the  lungs 
through  the  trachea,  large  areas  of  consolidation  are  forme<l  (Fig.  404),  which  may 
involve  whole  liitws  or  whole  lungs. 

Microscopically,  these  consolidated  areas  are  practically  identical  with  those  which 

are  Found  in  man  in  various  forms  of  tuberculous  broncho-pneumonia.  A  later  hbrous- 
tissue  development  may  occur,  and  blood-vessels  may  be  obliterated. 

F[a.  403,— Ext 

^a. 

th™ ugh  the  tn — EXPEHl 
!aa  of  Bolid 
ible  quani 

ph 

thisis 

I    in    THE    LUNO   or   A    Rahbit. 
I  after  the  inJHlioii  thmugh  ths  tnchea 
bacillus.     The  lesions  naemble  those  at 

loua  lesion  of  the  lung  has  been  induced  and  allowed  to  continue  for  a  number  of  daj^, 
a  culture  of  Streptococcus  pyogenes  be  introduced  into  the  trachea  of  the  rabbit, 

within  twenty-four  hours  the  caseous  areas  often  begin  to  soften.  The  softening  may 
begin  at  the  centre,  or  may  Hurround  a  central  portion  of  the  necrotic  mass.  The 
softening  is  soon  followed  by  altsorption,  and  so  cavities  are  formed  of  varying  siies 
and  .shapes  (Fig.  40.il. 

It  will  thus  l>e  .seen  that  in  the  rabbit  a  concurrent  infection  with  the  tubercle 



Pathology — Delafield  and  Prudden. 

Pulmonary  Tuberculosis — Exudative  Type — with  Large  Cavities. 
The  entire  lung  U  soUd  from  new-fonned  tubercle  tissue  and  eiudale  which  are  bodi 

The  thickened  trunks  of  the  larger  pulmonary  vessels  aie  exposed  in  the  depths  of 
>  ragged  communicating  cavities. 

Tbia  lung  viaa  hardened  in  alcohol  without  injection  of  the  blood-vessels. 
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bacillus  and  the  streptococcus  has  an  important  bearing  upon  the  breaking!  down  of 
lung  tissue  which  leads  to  the  formation  of  cavities.  While  it  would  not  Ije  wise  to 
assume  from  these  experiments  on  the  rabbit  that  a  similar  condition  is  always 
present  w*hen  cavities  form  in  man,  we  have  seen  that  in  fact  a  similar  c< 
infection  in  man  in  acute  phthisis  actually  does  often  exist. 

Fio.  405— Eip 

Syphilitic  Pneumonia. 

Persons  suffering  from  inherited  or  acquired  syphilis  sometimea 
develop  inflamniations  of  the  lungs  which  seem  to  be  due  to  the  syphilitic 
infection.     The  lungs  may  then  be  affected  in  several  different  ways. 

There  may  be  well-defined  large  or  small  gumniata  with  or  without 
interstitial  and  more  or  less  exudative  pneumonia.  There  may  be  a 
formation  of  new  fibrous  tiasue  in  the  walls  and  lung  tissue  about  the 
bronchi,  often  with  ulceration  of  the  mucous  membrane  and  distortion  of 

these  structures.  There  may  be,  particularly  in  the  new-born,  lobular  or 
lobar  hepalization,  the  affected  region  appearing  reddish  or  gray  or  white. 
This  is  due  to  a  growth  of  new  cellular  tissue  in  the  walls  of  the  air 
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spaces  and  to  an  exudate  largely  of  epithelial  cells  in  the  air  spaces. 
Infarctions  of  the  lung  from  obliterating  endarteritis  may  be  present.  It 
is  often  difficult  to  determine  in  many  cases  of  interstitial  inflammation 

of  the  lungs  whether  the  lesion  be  syphilitic  or  not.' 

Fibroma  anil  osteoma  are  rare.     Enchondroma  may  occur  as  a  pri- 
mary tumor  originating  in  the  cartilages  of  the  bronchi.     Sarcoma  is  not 

common  and  is  usually  secondary.'  "Lymphoma"  may  develop  in  the 
lungs  in  leukii'inia  and  pseudo-leu kfcmia.  Endothelioma  is  of  occasional 
occurrence  in  the  lung,  and,  following  the  subpleural  ly  niph- vessels,  may 
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form  a  reticular  raised  white  network  on  the  surface  of  the  lung  (Figs. 

407  and  408).  Adenoma  as  a  primary  tumor  is  rare.  Primary  carci- 
noma of  the  lung,  originating  in  the  lironchi,  is  of  occasional  occurrence.' 

The  inner  xurfiK" 

It  may  be  associated  with  cxutiative  pneumonia  and  involve  large  por- 
tions of  the  lungs  as  well  as  the  pleura.  Secondary  carcinoma  of  the 

lung  is  not  infretiuent.     The  malignant  growths  in  the  lung  may  occur 

T  supcrfirial  lymiih-vi 

as  circumscnhed  nodular  ma.sscs.  displacing  the  lung  tissue  (Fig.  400). 

or  they  may  infiltrate  the  lung,  often  following  the  bronchi  and  larger 
blood-vessels.     The  cells  of  such  tumors  often  grow  into  ami  fill  up  the  air 

,.  101,  ISUa.  hibl. 
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spaces  of  the  lung,  over  large  areas,  without  immediate  involvement  of 

their  walls.* 
Dermoid  cysts  have  been  found  in  the  lung. 

THE  MEDIASTINUM. 

Inflammation. — Suppurative  inflammation  may  occur  either  in  the  anterior  or 
posterior  mediastinum.  It  may  be  caused  by  fractures,  caries  or  necrosis  of  the  ster- 

num and  vertebra;,  by  perforation  of  the  CBsophagus,  by  suppuration  of  the  lymph- 
nodes,  or  by  pleurisy,  or  may  occur  without  discoverable  cause. 

The  pus  may  infiltrate  the  connective  tissue,  or  may  form  abscesses  which  may 
attain  a  large  size.  The  inflammation  may  extend  to  the  pleura  or  the  pericardium, 
the  abscesses  may  displace  the  heart,  the  lungs,  or  the  sternum;  or  they  may  perforate 

through  the  skin,  into  a  pleural  cavity,  the  oesophagus,  the  trachea,  or  a  bronchus.* 
A  few  cases  of  chronic  inflammation  of  the  tissues  of  the  mediastinum  have  been 

reported — chronic  mediastinitis.'  Lesions  of  the  tracheal  and  bronchial  lymph-nodes 
are  considered  on  page  592. 

Tumors. — The  most  common  form  of  new  growth  in  the  mediastinum  is  that 
known  by  the  names  of  lymphoma,  lymphosarcoma^  and  lymph-adenoma. 

These  tumors  are  confined  to  the  mediastinum,  or  they  are  associated  with  similar 

growths  in  other  parts  of  the  body  in  the  disease  called  "  pseudo-leukaemia."  Persons 
between  the  ages  of  twenty  and  thirty  years  seem  to  be  the  most  liable  to  the  growth, 
but  it  is  also  not  uncommon  in  children.  It  begins  in  the  lymph-nodes  in  the  medias- 

tinum, and  at  the  root  of  the  lung.  It  increases  at  first  slowly,  then  more  rapidly,  and 
gradually  infiltrates  the  adjoining  tissues.  In  this  way  the  walls  of  the  trachea, 
bronchi,  aorta,  the  pericardium,  the  pleura,  and  the  lung,  become  infiltrated  with 
compression  of  the  surrounding  organs. 

The  growth  is  composed  of  a  fibrous  stroma  associated  with  small  round  cells,  the 
relative  quantity  of  cells  and  stroma  varying  in  the  different  cases. 

Besides  this  form  of  tumor  there  may  also  occur  in  the  mediastinum  tumors  similar 

to  those  which  grow  in  the  pleura  and  behind  the  peritoneum — tumors  which  resemble 
both  the  sarcomata  and  carcinomata,  and  which  it  is  difficult  to  classify.  Aberrant 

thyroid-gland  tissue  may  be  found  in  the  mediastinum. 
Complex  tumors  belonging  among  the  foetal  inclusions  or  teratomata  are  of  occa- 

sional occurrence  in  the  anterior  mediastinum.*  They  may  contain  bone,  cartilage, 
connective  tissue,  muscle,  hairs,  skin,  etc.  Cysts  sometimes  lined  with  ciliated  epithe- 

lium may  form  in  such  tumors.* 

The  Pleura. 

HYDROTHORAX. 

Non-inflammatory  accumulations  of  clear  serum  in  the  pleural  cavi- 
ties are  of  frequent  occurrence.  They  occur  under  conditions  similar 

to  those  which  lead  to  dropsy  in  other  parts  of  the  body — lesions  of  the 
heart,  liver,  and  kidneys,  and  changes  in  the  circulation  and  in  the  com- 

position of  the  blood. 
If  the  amount  of  serum  be  large  it  may  compress  the  lower  lobes  of 

the  lungs. 
1  For  a  consideration  of  the  diaf^osis  of  malignant  tumors  of  the  lung  consult  Adler,  New  York 

Med.  Jour.,  Feb.  8th  and  15th,  1896,  bibl. 
*  For  tuberculous  lesions  of  the  trachco-bronchial  lymph-nodes  see  reference,  p.  592. 
»  Whipham,  Lancet,  1899,  vol.  i..  pp.  882.  947,  bibl. 
*  8ee  Mandlebaum,   Am.  Jour.  Med.  Sciences,  vol.  cxx.,  p.  64,  1900. 

'Consult  Hare,  "Tumors  of  the  Mediastinum,"  Phila.,  1889;  also  Zahn,  Virchow's  Archiv,  Bd. 
cxliii.,  pp.  170  and  416,  1896;  also  Lohrinch,  Lubarsch  and  Ostertag's  "Eiigebnisae,"  Jahrg.  vii.,  1900- 
1901,  p.  912,  bibl.;  abo,  for  a  study  of  dermoid  cysts  of  the  mediastinum,  see  Morris,  Med.  News,  vol. 
jxxxvii.,  pp.  404,  4:{8.  494,  538,  1905. 



Pathology — Deiafield  and  Prudden. 

Pulmonary  Tuberculosis  (Chronic),  with  Large  Cavities. 
TTie  ragged  communicating  cavities  involve  a  large  part  of  the  lung  and  are  bror 

tatic  in  origin.  The  bronchial  lymph-nodes  are  enlarged,  tuberculous,  and  caseous. 
pleura  and  interlobar  septum  are  thickened  by  the  formation  of  densefibrous  tissue. 





Patholosy— Delafield  and  Prudden. 

Chronic  Pulmonary  Tuberculosis  with  a  Fibrous-Walled 
Cavity  at  the  Apex. 

The  fibrous  wall  of  the  cavity  is  dense  and  is  continuous  with  tbe 
greatly  thickened  pleuia  and  with  the  diffuse  new-foimed  connective 
tissue  throughout  the  upper  lobe.  The  upper  lobe  is  greatly  reduced  in 
size  by  the  cicatricial  contraction  of  the  fibrous  tissue.  The  lower  lobe 
shows  two  areas  of  tuberculous  consolidation  ;  both  are  caseous  in  the 

central  portions;  the  upper  shows  commencing  tuberculous  bronchiec- 
tasia.  The  upper  part  of  the  fibrous  wall  of  the  cavity,  finnly  adherent 
to  the  thoracic  wall,  has  been  cut  away. 
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HYDRO-PNEUMOTHORAX— PYO-PNEUMOTHORAX. 

The  presence  of  air  in  the  pleural  cavities  is  usually  associated  with 
a  serous  or  purulent  exudate.  It  may  occur  as  the  result  of  perforation 
of  the  lung,  from  rupture,  from  ulceration  of  tuberculous  lesions  at  the 

pleural  surfaces,  from  injuries  to  the  chest  wall,  perforation  of  the  dia- 
phragm by  suppurative  or  cancerous  lesions  of  the  oesophagus,  stomach, 

or  intestine,  as  well  as  in  a  variety  of  other  conditions.  Gas  may  form 

in  the  pleural  cavities  in  infection  by  the  Bacillus  aerogenes  capsulatus.^ 

HiEMORRHAGE. 

Subpleural  ecchymoses  may  occur  in  asphyxia  or  during  infectious 
diseases  or  intoxications.  More  extensive  extravasations  of  blood — 

haemothorax — may  be  the  result  of  injuries  to  the  wall  of  the  thorax  or 
the  rupture  of  aneurism. 

Hsemorrhagic  Exudates  are  usually  associated  with  tuberculous 
inflammation  of  the  pleura  or  with  infarctions  of  the  lungs,  carcinoma, 
or  injuries,  infectious  diseases,  or  cirrhosis  of  the  liver. 

INFLAMMATION.     (Pleuritis,  Pleurisy.) 

Inflammation  of  the  pleura  may  occur  as  an  independent  lesion,  but 
it  is  commonly  associated  with  pathological  processes  in  the  lungs,  peri- 

cardium, abdomen,  or  chest  wall.  It  may  be  exudative  in  character, 
usually  associated  with  more  or  less  proliferation  of  the  mesothelial 

(^'endotheliar')  and  connective-tissue  cells,  or  it  may  be  productive 
with  the  formation  of  new  connective  tissue.  These  phases  of  inflamma- 

tion may  be  associated.  Through  the  production  of  new  connective 

tissue,  repair  of  the  acute  inflammatory  lesion  is  commonly  eff'ected. 
In  the  exudative  forms  of  pleurisy  the  exudate  may  consist  of  fibrin,  or 
of  serum  and  fibrin,  or  of  serum  with  fibrin  and  pus. 

Simple  Fibrinous  Pleurisy  (Dry  Pleurisy;  Pleuritis  Sicca). — This  may 
involve  circumscribed  areas  of  the  costal,  mediastinal,  diaphragmatic, 
or  pulmonary  pleura,  less  frequently  the  entire  pleura  of  one  side  of  the 

chest.  The  aff'ected  portions  of  pleura  are  dull  and  lustreless  and  coated 
with  fibrin,  opposing  surfaces  often  being  joined  by  bands  of  fibrin. 
There  are  swelling,  degeneration,  proliferation,  and  exfoliation  of  the 
mesothelium,  with  swelling  and  proliferation  of  the  connective-tissue 
cells  beneath.  Exceptionally,  there  is  involvement  of  the  entire  pleura 
of  one  side,  with  the  production  of  such  a  large  amount  of  fibrin  as 

seriously  to  compress  the  lung.^ 
Sero-fibrinous  Pleurisy  (Pleurisy  with  Eflfusion). — This  is  the  most 

common  form  of  pleurisy.     As  a  rule,  it  involves  the  greater  part  of  the 

1  For  a  study  of  pneumothorax  see  Emerson,  Johns  Hopkins  Hosp.  Rep.,  vol.  xi.,  p.  1,  1903. 
'  For  a  study  of  the  origin  of  fibrin  and  adhesions  of  the  serous  membranes  consult  Heinz,  Virch 

Arch.,  Bd.  clx.,  p.  365,  1900;  also  Gaylord,  Jour.  Exp.  Med.,  vol.  iii.,  p.  1,  1898,  bibL 
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pleura  of  one  side  of  the  chest.  Sometimes,  however,  the  pleura  of  both 
sides  of  the  chest  is  involved,  and  then  the  pericardium  also  is  often 
inflamed. 

While  the  inflammation  is  in  progress  the  surface  of  the  aff'ected 
pleura  is  coated  with  fibrin,  and  bands  of  fibrin  stretch  between  the 

parietal  and  pulmonary  pleui-ae.  In  the  pleural  cavity  is  serum  in  vari- 
able quantity.  This  serum  is  clear,  or  turbid  from  the  presence  of 

exfoliated  mesothelium,  leucocytes,  and  flocculi  of  fibrin  or  red  blood 

cells.  The  lung  is  compressed  in  diff'erent  degrees  and  positions,  accord- 
ing to  the  quantity  of  the  serum  and  the  character  of  the  adhesions.  The 

heart  may  also  be  displaced  by  the  accumulated  exudate. 
The  natural  termination  of  such  a  pleurisy  is  the  recovery  of  the 

patient,  with  thickenings  of  the  pleura  and  adhesions.  The  irregular 
terminations  are:  The  death  of  the  patient,  the  protracted  existence  of 
the  fibrin  and  serum,  and  the  change  of  the  character  of  the  inflammation 
so  that  pus  is  produced. 

If  the  patient  recover,  the  serum  is  absorbed,  the  fibrin  disappears, 

and  repair  is  eff'ected,  as  in  simple  fibrinous  pleurisy,  by  the  formation 
of  granulation  tissue,  which  gradually  becomes  dense  and  cicatricial  in 

character  and  may  remain  as  local  or  general  thickenings  or  firm  adhe- 
sions of  the  opposed  pleural  surfaces.  The  lung  may  be  distorted  by 

contraction  of  the  new-formed  connective  tissue.  The  exudates  in  the 

sero-fibrinous  form  of  pleurisy  do  not  usually  infiltrate  the  pleura,  but 
gather  upon  its  surface  and  in  the  cavity. 

The  Excitants  of  Sero-fibrinous  Pleurisy. — Cultivations  from 
the  exudate  give  in  the  larger  proportion  of  cases  negative  results;  but 
the  pneumococcus.  Streptococcus  pyogenes.  Staphylococcus  aureus  and 

albus,  and  the  typhoid  bacillus  have  been  isolated.  When  the  inflam- 
mation of  the  pleura  is  consecutive  to  acute  lobar  pneumonia,  the 

pneumococcus  may  still  not  be  found  in  the  exudate.  The  presence 
of  the  streptococcus  is  frequently  followed  by  the  formation  of  pus. 

The  organisms  named  above  may  be  present  alone  or  in  various  associa- 
tions. Many  cases  with  simple  sero-fibrinous  exudate  prove  on  inocula- 

tion to  be  tuberculous.^ 
Suppurative  Pleurisy  (Empyema). — Suppurative  pleurisy  may  occur 

either  with  or  without  the  formation  of  a  considerable  sero-fibrinous 

exudate.  The  exudate  may  be  purulent  from  the  beginning,  or  a  sero- 
fibrinous exudate  mav  assume  this  character. 

The  pleural  cavity  in  empyema  is  partly  or  completely  filled  with 
purulent  fluid,  and  the  lung  is  either  compressed  against  the  vertebral 
column  or  partly  adherent  to  the  chest  wall.  Sometimes,  however,  the 
purulent  fluid  is  shut  in  by  adhesions,  either  between  parts  of  the  lung 
and  the  thoracic  wall,  or  between  the  lung  and  the  diaphragm,  or  between 
the  lung  and  the  pericardium,  or  between  the  lobes  of  the  lung. 

The  fluid  in  the  pleural  cavity  is  usually  a  thin,  purulent  serum, 

^  For  a  study  of  the  bacteria  in  exudative  pleuritis,  with  the  earlier  bibliography,  consult  Prudden^ 
New  York  Med.  Jour..  June  24th,  1893.  For  fuller  data  see  NeUer,  Bouchard  and  Brissaud's  "Traits 
de  M6decine,"  t.  vii.,  p.  399,  1901. 
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composed  of  serum,  pus  cells,  mesothelial  cells,  and  flocculi  of  fibrin; 
but  sometimes  this  fluid  is  thick  and  viscid. 

While  in  children  the  more  or  less  active  suppurative  process  in  the 
pleura  may  continue  for  a  long  time  without  deep  involvement  of  the 
pleura,  in  adults  granulation  tissue  may  form  upon  the  pleura,  which 
thus  becomes  gradually  thickened  and  may  so  remain  for  months  with 
its  inner  vascular  surface  covered  with  pus  and  fibrin.  In  such  cases,  as 
well  as  in  less  chronic  forms,  the  fibrin  fibrils  are  often  swollen  and 
coalesce  to  form  irregular  homogeneous  or  finely  granular  masses. 
Resolution  may  occur  in  one  region  of  the  pleura  while  the  exudate  in 
another  may  become  encapsulated  by  new-formed  connective  tissue. 

In  old  cases  the  thickening  of  the  pleura  may  be  great  and  it  may 

become  calcified.*  The  perichondrium  of  the  cartilages  and  the  peri- 
osteum of  the  ribs  may  become  inflamed,  with  necrosis  of  the  cartilages 

and  ribs  or  a  production  of  new  bone.  Necrosis  and  gangrene  of  the 
involved  pleura  may  occur  and  putrefactive  process  be  set  up  in  the  exu- 

date. The  suppurative  process  may  extend  from  the  pleura  involving 
adjacent  parts,  such  as  the  fascia?,  the  muscles,  the  skin,  the  diaphragm, 
or  the  lungs.  Thus  the  pus  may  find  an  exit,  through  the  wall  of  the 
thorax,  into  the  peritoneal  cavity  or  into  the  lungs. 

In  inflammation  of  the  pleura  the  process  may  extend  to  the  lym- 
phatics in  the  interlobular  septa,  around  the  bronchi,  and  around  the 

blood-ves.sels.  This  interlobular  lymphangitis  occurs  more  frequently  in 
children  than  in  adults.  The  lymphatics  in  the  interlobular  septa  and 
those  around  the  bronchi  and  blood-vessels  are  distended  with  pus  cells, 
the  septa  are  much  thickened,  and  the  lobules  separated  from  each  other. 

Sero-fil)rinous  pleurisy  and  empyema  may  occur  as  complications  of 
infectious  diseases,  such  as  scarlatina,  typhoid  fever,  and  various  forms 
of  septicaemia,  or  by  an  extension  of  an  inflammatory  process  from  such 

adjacent  parts  as  the  pericardium,  lungs,  mediastinum,  etc.^  The  vari- 
ous forms  of  pneumonia  are  frequently  associated  with  local  or  general 

inflammation  of  the  pleura. 

The  Excitants  of  Empyema. — Streptococcus  pyogenes  is  the  most 
frequent  excitant  of  suppurative  inflammation  of  the  pleura.  According 
to  the  statistics  of  Netter  this  organism  has  been  found  in  a  little  over 
forty  per  cent,  of  the  cases  examined  of  all  ages.  The  pneumococcus 
has  been  found  in  over  twenty-five  per  cent,  of  cases  examined.  The 
streptococcus  and  the  pneumococcus  are  associated  in  a  small  proportion 
of  cases.  Of  less  frequent  occurrence  are  Staphylococcus  pyogenes, 

Bacillus  typhosus,^  Bacillus  coli  communis,  the  gonococcus,  the  pneumo- 
bacillus  of  Friedlander,  and  the  influenza  bacillus.  In  empyema  with 
fetid  exudate,  various  forms  of  bacteria  may  be  present.  While  in  the 
adult  the  streptococcus  is  most  often  found  in  the  empyemic  exudate, 

1  For  a  r^sum^  of  our  knowledge  of  various  calcifications  in  the  lungs,  and  allied  conditions  often 
called  "lung  stones,"  consult  Polaillon,  "Les  Pierres  du  Poumon,"  etc.,  Paris,  1891;  or  Legry,  Arch, 
gen.  de  m^d..  vol.  i..  pp.  3.57  and  466.  1892. 

2  For  a  study  of  relation  of  oesophageal  diverticula  to  empyema  see  Starck,  Arch.  f.  Verdauungskr., 
Bd.  vii.,  1901,  p.  1. 

'  Consult  for  cases  and  bibl.  Gordinier  and  Lartigau,  Am.  Jour.  Med.  Sci.,  vol.  cxxi.,  p.  43,  1901 
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in  young  children  the  pneumococcus  is,  according  to  Netter/  most 
common. 

Chronic  Pleurisy  with  Adhesions. — This  form  of  pleurisy  may  follow 
one  of  the  varieties  of  pleurisy  just  described,  it  may  be  associated  with 
emphysema  and  chronic  phthisis,  or  it  may  occur  by  itself. 

After  death  the  pulmonary  and  costal  pleura  are  found  thickened  and 
joined  together  by  numerous  adhesions.  These  changes  may  involve 
only  a  part  or  the  whole  of  the  pleura  on  one  or  both  sides  of  the  chest. 

The  thickened  pleura  is  covered  with  mesothelium;  the  new  connec- 
tive tissue  may  be  very  dense  and  may  contain  few  or  many  cells. 

Blood-vessels  may  be  numerous  and  irregular  in  distribution  or  few  in 
number.  New  lymph-vessels  are  formed  with  the  growth  of  the  new 

tissue.^  These,  as  well  as  the  old  lymph-vessels,  may  be  dilated,  forming 
small  cysts. 

Tuberculous  Pleuritis. — Acute  general  tuberculosis  of  the  pleura  is 
usually  secondary  to  tuberculous  inflammation  elsewhere  in  the  body, 

either  in  the  lungs,  which  is  most  common,  or  the  bronchial  lymph-nodes, 
peritoneum,  bones,  etc.,  or  it  may  be  a  part  of  a  general  miliary  tuber- 

culosis. There  may  be  localized  or  widely  disseminated  miliary  tuber- 
cles upon  or  beneath  the  pleural  surfaces,  either  in  direct  association 

with  lesions  beneath  the  pulmonary  pleura  or  apart  from  these  or  upon 
the  costal  pleura.  The  tuberculous  foci  may  be  larger  and  more  diffuse. 
The  minute  characters  of  the  inflammation  are  not  essentially  different 
from  those  found  in  tuberculosis  in  connective  tissue  elsewhere,  but  the 
mesothelial  cells  covering  the  pleura  may  share  largely  in  the  early 
phases  of  the  new  growth. 

If  the  process  be  prolonged,  much  dense  fibrous  tissue  may  be  formed 
in  which  are  miliary  tubercles  in  various  stages  of  coagulation  necrosis, 
or  larger  patches  of  necrotic  tissue  surrounded  by  miliary  tubercles  or 
diffuse  tuberculous  tissue. 

With  acute  types  of  tuberculous  inflammation  of  the  pleura  more  or 
less  exudate  may  form.  This  may  be  sero-fibrinous,  often  with  very 
little  fibrin,  or,  as  is  frequently  the  case,  it  may  be  tinged  or  deeply  colored 
with  blood.  The  exudate  may  be  purulent.  The  tubercle  bacillus  may 
be  associated  with  other  bacteria,  most  often  with  the  Staphylococcus 
pyogenes  in  the  purulent  exudate. 

Many  cases  of  pleuritis  with  a  sero-fibrinous  exudate  giving  no  growth 
of  bacteria  on  the  ordinary  culture  media  are  found  to  be  tuberculous,  by 

the  inoculation  of  guinea-pigs  with  the  fluid. 
Chronic  Miliary  Tubercles. — Miliary  tubercles  of  the  pleura,  chronic 

in  form,  mostly  composed  of  fibrous  tissue,  with  cheesy  degeneration 

or  calcification,  are  very  common,  a-nd  are  frequently  associated  with 
tuberculous  bronchial  lymph-nodes  without  tuberculosis  in  other  parts 
of  the  body.  These  tubercles  are  usually  widely  scattered  over  the  pleura 
and  are  almost  always  associated  with  anthracotic  pigmentation. 

1  Netter,  Bouchard  and  Brissaud's  "Traits  de  M^decinc,"  t.  vii.,  p.  445,  1901.  For  a  study  of  the 
ways  of  infection  of  the  pleura  see  Grobcr,  Deut.  Arch.  f.  klin.  Med.,  Bd.  Ixviii.,  p.  296,  1900,  bibl. 

'  For  a  study  of  the  formation  of  new  lymph-vessels  in  pleurisy  see  Guyot,  Ziegler's  Beitrftge,  Bd. 
xxxviii.,  p.  207,  1905. 
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The  dense  fibrous  tubercle  or  tlie  cheesy  or  calcified  portion  may  be 
seen  as  a  lighter  spot  in  the  pigmented  area  {Fig.  37tij.  Such  tuber- 

cles are  sometimes  accompanied  by  minute  cystic  dilatations  of  the 

lymph- vessels  on  which  they  are  formed. 
These  pleural  tubercles  develop  along  the  subpleural  lymphatic 

vessels,  or  in  the  areas  of  lymphoid  tissue  or  in  the  minute  subpleural 

lymph-nodes.' 
The  presence  of  these  healed  tubercles,  which  rarely  harbor  stainable 

tubercle  bacilli,  together  with  the  simultaneous  involvement  and  pig- 
mentation of  the  bronchial  lymph-notles,  affords  strong  evidence  of  the 

frequency  of  the  direct  infection  of  the  lungs  through  the  respiratory 
passages.  They  are  formed  along  the  lines  of  lymph  drainage  of  the  lungs 
which  ultimately  enter  the  bronchial  nodes.  Since  in  this  drainage 
inhaled  pigment  particles  and  tubercle  bacilli  are  deposited  together,  the 
frequent  association  of  pigmentation  and  tuberculosis  is  comprehensible. 

HodenpyP  has  shown  the  great  frequency  of  those  chronic  pleural 

pigmented  tubercles,  and  Ribbert'  believes  that  the  tuberculous  process 
precedes  the  local  pigmentation  and  furnishes  suitable  conditions  for  it. 

TUMORS. 

Fibroma,  sarcoma,  and  endothelioma  may  occur  as  primary  tumors  of 
the  pleura.  Small,  white,  slightly  projecting,  often  pigmented  eleva- 

tions of  the  pleura,  either  single  or  multiple,  are  common.  These  were 
formerly  regarded  as  mostly   miliary  fibromata.     But  Hodenpyl   and 

•  Hubpleural  lymph-vi 

others  have  shown  that  while  some  may  be  fibromata  or  lymphangio- 
raata  or  air  cysts,  they  are  mostly  fibrous  masses  which  replace  or  enclose 

miliary  tubercles.*  Fibroma  and  lipoma  formed  in  the  subpleural  tissues 
may  encroach  upon  the  pleural  cavity.  Endothelioma  usually  occurs  in 
the  form  of  larger  and  smaller,  fiat  or  projecting,  irregular  nodular  n 

HWenptrl,  MeJ.  Kword, 
Ribbtrl.  DeuL  med.  Woe 
Sw  rer.  Hodtnpyl.  above 
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(Fig.  407),  frequently  most  marked  and  extensive  upon  the  costal  pleura 

(Figs.  408  and  409).*  This  as  well  as  other  tumors  of  the  pleura  may 
be  associated  with  an  exudative  pleuritis. 

Carcinomay  primary  in  the  thyroid,  mamma,  oesophagus,  and  stomach, 
may  invade  the  pleura.  Echinococcus  and  other  cysts  of  the  pleura  have 

been  recorded.^ 
*  For  bibliography  of  endothelioma  of  the  pleura  consult  Glockner,  Zeits.  f.  Heilkunde,  Bd.  xxviii., 

p.  209,  1897. 

*  For  a  description  of  ciliated  cysts  of  the  pleura  see  Zahn,  Virchow's  Arch.,  Bd.  cxliii.,  p.  170, 1896. 



CHAPTER  VII. 

THE  DIGESTIVE  SYSTEM. 

The  Mouth. 

Ifalfonnations. 

Malformations  of  the  lips  and  cheeks  are  usually  associated  with  defective  forma- 
tion of  the  bones  of  the  mouth.  The  entire  process  is  generally  due  to  an  arrest  of 

development  or  a  failure  of  the  branchial  arches  to  fuse  normally  (see  Figs.  175  and 
177). 

1.  The  lower  jaw  is  absent;  the  upper  jaw  and  hard  palate  are  small  and  imper- 
fectly formed;  the  temporal  bones  nearly  touch  in  the  median  line.  The  lower  part  of 

the  face  is,  therefore,  wanting;  the  mouth  is  absent,  or  small  and  closed  posteriorly; 
the  tongue  is  absent.     Such  a  malformation  is  rare;  the  foetus  is  not  viable. 

2.  The  face  remains  in  its  early  foetal  condition  of  a  large  cleft;  the  mouth  and  nose 
form  one  cavity;  the  orbits  may  be  united  in  the  same  cavity.     The  foetus  is  not  viable. 

3.  There  is  a  cleft  in  the  upper  lip,  upper  jaw,  and  hard  palate.  The  cleft  corre- 
sponds to  the  point  of  junction  of  the  processes  of  the  superior  maxilla  with  the  inter- 

maxillary bone.  There  may  be  one  cleft  or  two,  one  on  either  side  of  the  intermaxil- 
lary bone.  The  cleft  involves  the  lip  alone, — harelip  (Fig.  176) — or  the  lip  and  supe- 
rior maxilla,  or  the  lip,  maxilla,  and  palate.  There  may  be  a  single,  or  a  double  cleft  in 

the  palate,  and  the  cleft  may  involve  either  the  hard  or  soft  palate,  or  both.  If  there 
are  two  clefts  of  the  lip  and  maxilla  the  portion  of  lip  and  bone  between  them  may  be 
small,  or  entirely  absent  so  as  to  leave  a  large  open  space.  The  soft  palate  may  be 
entirely  absent.     This  is  a  common  malformation  and  does  not  endanger  life. 

4.  Rarely  there  is  a  cleft  involving  the  middle  of  the  lower  lip,  and  sometimes 
extending  into  the  inferior  maxilla. 

5.  Either  the  inferior,  or  the  superior,  or  both  maxillary  bones  may  be  abnormally 
small. 

6.  The  edges  of  the  lips  may  be  partly  or  completely  joined  together.  The  open- 
ing of  the  mouth  may  be  only  a  round  hole. 
7.  The  lips  may  be  absent  or  imperfectly  developed. 
8.  The  comers  of  the  mouth  may  be  prolonged  by  clefts  in  the  cheeks  nearly  to  the 

ears. 

INFLAMMATION.— (Stomatitis.) 

Catarrhal  stomatitis  is  most  frequent  in  children  and  occurs  with  a 
great  variety  of  local  and  general  disturbances. 

During  life  the  congestion  and  swelling  of  the  mucous  membrane  may 
be  well  marked  and  there  are  often  white  patches,  produced  by  the  death 
of  the  superficial  epithelial  cells.  There  may  be  an  increased  production 
of  mucus,  or,  instead  of  this,  the  entire  mucous  membrane  is  unnaturally 

dry.  In  addition  to  hypera*mia  and  local  oedema  there  may  be  prolifer- 
ation, exfoliation,  and  degeneration  of  the  epithelium. 

Extravasated  leucocytes  may  infiltrate  to  a  moderate  degree  the 
stroma  of  the  mucous  membrane  and  appear  upon  its  surface.  Small, 
clear  vesicles  may  form  beneath  the  epithelium  from  the  collection  of 
serous  exudate. 

G43 
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Croupous  stomatitis  is  incited  by  local  irritants,  by  local  infection,  or 
by  the  extension  of  the  same  form  of  inflammation  from  the  pharynx;  it 
frequently  occurs  with  diphtheria  and  other  infectious  diseases. 

Portions  of  the  mucous  membrane  are  swollen  and  congested,  and 
covered  with  a  false  membrane.  This  false  membrane  is  composed  of  a 
thickened  layer  of  epithelium  in  the  condition  of  coagulation  necrosis, 
and  of  fibrin  and  pus  in  variable  relative  quantity.  The  stroma  of  the 
mucous  membrane  may  be  infiltrated  with  pus  and  fibrin,  and  portions 
of  it  may  become  necrotic. 

Aphthous  Stomatitis. — In  this  condition  small  whitish  projecting 
patches  surrounded  by  a  zone  of  hyperaemia  may  form  upon  the  mucous 
membrane.  These  consist  of  a  more  or  less  fibrinous  exudate  beneath 
the  epithelium  which  may  exfoliate,  Leaving  small  ulcers. 

Ulcerative  Stomatitis. — This  form  of  stomatitis  is  apt  to  occur  in 
ill  nourished  children  or  in  young  adults,  in  scurvy,  or  in  mercurial  poison- 

ing. It  usually  begins  at  the  margin  of  the  gums  of  the  lower  jaw  and 
extends  to  the  cheeks  and  tongue.  The  affected  parts  are  swollen  and 
coated  with  a  grayish,  soft  pellicle  composed  of  bacteria  and  necrotic 
tissue.  The  gums  may  be  destroyed  around  the  teeth,  and  these  may 
fall  out.  The  surrounding  soft  parts  are  swollen,  and  there  may  be 
necrosis  of  the  jaws. 

In  noma  or  gangrenous  stomatitis  similar  changes  may  be  associated 
with  extensive  gangrenous  destruction  of  the  cheeks.  This  most  often 
occurs  in  young  children  in  connection  with  measles,  scarlatina,  or 
typhoid  fever.  It  has  been  claimed  that  a  special  micro-organism  is  the 
excitant  of  this  disease,  but  this  has  not  yet  been  proven. 

Thrush.  (Soor;  Parasitic  Stomatitis.) — In  ill-nourished  children  or  in 
adults  suffering  from  chronic  disease  a  fungus  related  to  the  yeasts — 

o'ldium  albicans — may  grow  among  the  epithelial  cells  of  the  mouth,  form- 
ing white  membranous  patches.  These  may  involve  large  areas  of  the 

mouth  and  pharynx  and  extend  to  the  oesophagus  or  upper  respiratory 
passages. 

Phlegmonous  Stomatitis. — Exudative  inflammation  of  the  mouth  may 
result  from  infected  wounds,  in  connection  with  erysipelas  or  suppurative 
or  other  infectious  process  near  the  mouth.  Various  pyogenic  bacteria 
may  be  its  excitants. 

Chronic  Stomatitis. — This  may  follow  acute  catarrhal  or  other  inflam- 
matory processes,  and  may  be  due  to  persistent  irritation — for  example, 

from  the  use  of  tobacco.  Owing  to  hyperplasia  of  the  epithelium  and 
submucous  tissue,  white  patches  of  varying  extent  may  form  on  the 
tongue  or  elsewhere — leiwoplakia  buccalis.  These  through  excessive 
increase  in  the  epithelium  may  project  in  wart-like  form  from  the  surface 
— ichthyosis. 

Tuberculous  stomatitis  commences  with  the  formation  of  miliary 
tubercles  or  of  larger  tuberculous  masses  in  the  stroma  of  the  mucous 
membrane.  These  masses  soon  degenerate,  soften,  and  form  ragged 
ulcers. 

SjTphilitic  Stomatitis. — As  a  result  of  syphilis  there  may  be  produced 
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either  the  so-called  mucous  patches  or  gummy  tumors.  In  the  mucous 
patches  the  epithelial  layer  is  at  first  thickened  and  the  papillae  of  the 
stroma  are  swollen  and  infiltrated  with  cells  (see  Fig.  157,  p.  271  and 
Fig.  158,  p.  272).  This  may  be  followed  by  desquamation  of  the  epi- 

thelium and  ulceration. 

TUMORS. 

Fibroma,  lipoma,  and  enchondroma  have  been  seen  in  a  few  cases  in 
the  lips.  When  in  the  mouth  they  usually  grow  from  the  bones.  Epulis 
is  a  tumor  of  the  jaw,  fibrous,  sarcomatous,  or  epitheliomatous. 

Papillomata  occur  most  frequently  at  the  edges  of  the  lips,  but  are 
also  found  on  the  gums,  the  floor  of  the  mouth,  and  the  cheeks.  They 
are  formed  of  hypertrophied  papillae,  covered  with  thickened  epidermis. 
They  often  ulcerate.  Angioma,  either  congenital  or  developed  after 
birth,  occurs  in  the  lips.  Adenoma  may  be  formed  in  the  mucous  mem- 

brane covering  the  mouth,  lips,  and  soft  palate.  The  tumors  are  rounded, 

usually  small,  sometimes  as  large  as  a  hen 's  egg.  They  may  be  situated 
in  the  thickness  of  the  mucous  membrane,  or  project  in  a  polypoid  form. 

Carcinoma  is  of  frequent  occurrence  and  is  usually  of  the  epithelioma- 
tous  form.  Such  tumors  may  form  at  any  part  of  the  mucous  membrane 
of  the  mouth,  but  oft?n  begin  in  the  edge  of  the  lower  lip  as  a  result  of 
persistent  irritation,  as  in  pipe  smokers. 

They  may  originate  in  an  ulcerating  papilloma,  or  as  a  flat,  super- 
ficial growth  from  the  deeper  layers  of  the  epithelium,  or  as  deep  nod- 

ules starting  in  the  mucous  glands.  They  are  composed  of  large  masses 
of  epithelial  cells,  closely  packed  together,  often  forming  nests,  and 
arranged  in  anastomosing  tubular  masses.  The  stroma  surrounding 
these  masses  is  infiltrated  with  cells.  In  a  few  cases  the  infiltration  of 
the  stroma  with  small  round  cells  may  be  very  marked,  so  marked  that 
the  epithelial  growth  may  be  obscured.  The  new  growth  may  increase 
in  size,  ulcerate,  infiltrate  the  adjacent  tissues,  and  may  give  rise  to 
metastatic  tumors. 

Cysts. — Dermoid  cysts  and  cysts  of  the  embryonal  branchial  clefts 
may  involve  the  mouth.  Simple  cysts  may  form  in  the  jaws  from  aber- 
rancies  in  the  development  of  the  teeth.  For  a  description  of  the  so-called 
adamantinoma,  see  p.  415.  Complex  congenital  tumors  of  the  gums  are 

of  rare  occurrence,  apparently  arising  in  some  congenital  anomaly.^ 

The  Tongue. 

Malformations. 

Absence  of  the  tongue  may  be  associated  with  the  extreme  defects  of  development 
of  the  face  already  mentioned. 

The  anterior  portion  of  the  tongue  may  be  absent  while  its  base  remains.  The 
lower  jaw  is  then  small.     The  tongue  may  be  cleft  or  lobulated. 

It  may  be  partly  or  completely  adherent  to  the  floor  of  the  mouth.     The  frenulum 

^  For  a  study  of  such  complex  tumors  of  the  mouth  see  Schorr,  Zieglcr's  Beitr.,  Bd.  xxxix.,  p.  82, 1906. 
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may  be  abnormally  short,  or  may  extend  to  the  tip  of  the  tongue.  In  rare  cases  the 
sides  of  the  tongue  are  adherent,  or  its  upper  surface  may  be  adherent  to  the  roof  of  the 
mouth. 

HYPERTROPHY  AND  DfFLAmiATION. 

Macroglossia,  or  hypertrophy  of  the  tongue,  is  almost  always  a  con- 
genital lesion,  and  is  especially  common  in  cretins.  The  tongue  may  be 

so  large  that  it  protrudes  through  the  lips.  The  lips  may  also  be  simi- 
larly enlarged.  There  is  hyperplasia  of  the  fibrous  and  other  tissues  of 

the  tongue,  and  in  addition  to  this  there  may  be  a  dilatation  of  the  lym- 
phatic vessels. 

Inflammations  of  the  tongue — glossitis — may  be  associated  with  sim- 
ilar changes  in  the  mouth,  or  may  occur  by  themselves.  In  catarrhal 

inflammation  the  accumulation  of  epithelium  may  give  rise  to  the 

"furred  tongue.''  Most  of  the  inflammatory  processes  above  indicated 
as  occurring  in  the  mouth  may  affect  the  tongue  also. 

TUMORS. 

Cysts. — The  most  common  forms  of  cysts  are. the  sacs  beneath  or 
partly  in  the  substance  of  the  tongue — ranida.  They  are  formed  by 
dilatation  of  the  ducts  of  the  mucous  glands,  or  of  the  submaxillary  and 

sublingual  glands.     Amyloid  tumors  of  the  tongue  have  been  reported.* 
Lipoma  and  fibroma  are  rare.  They  form  nodules  in  the  substance 

of  the  tongue  or  project  in  a  polypoid  form.  Composite  tumors,  com- 
posed largely  of  fat,  are  found  on  the  tongue  as  a  congenital  condition. 

Angioma. — Cavernous  vascular  tumors  are  found  in  the  substance  of 
the  tongue  and  projecting  from  its  surface. 

Sarcoma  is  not  common  in  this  situation,  but  may  occur  both  in  chil- 
dren and  in  adults.  Carcinoma,  usually  of  the  epitheliomatous  type,  may 

originate  in  the  tongue  or  may  extend  to  it  from  the  adjacent  tissues. 

MICRO-ORGANISMS  OF  THE  MOUTH. 

Micro-organisms  of  various  forms — bacteria,  moulds,  and  yeasts — are 
always  present  in  the  mouth,  often  in  enormous  numbers.  They  are  for 
the  most  part  not  of  significance  save  for  the  putrefactive  processes 
which  they  initiate  and  maintain  in  mouths  not  properly  cleansed.  On 
the  other  hand.  Staphylococcus  and  Streptococcus  pyogenes  and  the 
pneumococcus  are  of  frequent  occurrence  in  the  mouths  especially  of 
those  who  live  in  towns  and  crowded  dwellings,  and,  while  usually  harm- 

less, they  may  under  favorable  conditions  become  excitants  of  serious 
disease. 

The  tubercle  bacillus  may  be  present  in  the  mouth  as  well  as  in  the 
nose  of  those  who  care  for  uncleanly  consumptives. 

The  fungus  of  aphtha?  (soor),  and  leptothrix,  which  under  usual 
conditions  are  not  harmful,  may  incite  serious  local  disease. 

*  See  Schmidt,  Virch.  Arch.,  Bd.  cxiiii.,  p.  .369,  1896,  bibliography  of  amyloid  tumors  in  general. 
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The  so-called  Mycosis  pharj'ngis  is  apparently  due  to  the  growth  in 
susceptible  persons  of  a  form  of  leptothrix  not  yet  thoroughly  studied, 

on  account  of  the  technical  difficulties  in  the  way  of  its  artificial  cultiva- 

tion. ' 

The  Pbarynz. 

Halfonnations. 

Branchial  Fistul.b  and  ('y8T». — When,  as  not  infrequently  occurs,  the  embry- 
onal gill  clefts  do  not  properly  close,  fistttta  may  remain.'  These  may  in  rare  cases  be 

complete,  bo  that  an  opening  exists  from  the  pharynx,  larynx,  or  trachea  to  the  aide  of 

the  neck  (see  Fig.  175,  p.  322).  More  frequently,  however,  these  fistute  are  incom- 
plete and  shallow,  and  open  either  inward  into  one  of  the  aljove-named  organ!)  or 

outward  on  to  the  neck.  Small  portions  ot  the  gill  clefts  may  persist  without  external 
openings,  and  from  these  subcutaneous  cynti  of  the  neck  are  often  developed.  Or  a 
portion  of  the  cleft  may  be  cut  off,  forming  a  cyst,  while  the  fistula  persists  with  its 
external  opening;. 

The  walls  ot  these  fistuke  and  cysts  may  be  covered  with  mucous  membrane  having 
cylindrical  or  flattened  or  ciliated  surface  cells.  Or,  when  formed  from  the  outer 
clefts,  they  may  be  lined  with  skin. 

Not  infrequently  the  walls  of  these  cysts  and  fiatulie  are  eml>edded  in  lymphatic 

tissue,  which  may  lie  diffuse  or  gathered  in  nodular  form  (see  Figs.  410  and  411).' 
DivERTifVLA  of  the  pharynx  have  been  observed. 

I  For  s  rtiumi  with  bibliography  of  the  bacteria  fDunil  in  the  mouth  lu  well  as  in  olher  parts  of  tbe 
body  umler  narmBi  sad  pstbalogicai  coaditionis  see  Mact.  " Bocleriotogie,"  llHIl.  p.  I14U.  See  also 
Maditar,  Cent.  f.  BakL,  I.  Abt.  Ref,  p.  489,  1902.  For  bacteria  in  the  maulbs  of  nuralinKx  a)^'  /.ni'ita- 
via.  Arch,  de  mU.  exp..  t.  xiiL.  IBOl,  p.  633.  See  also  for  bacteria  moat  freqiieot  in  the  mouths  of 
healthy  children  OAima.  Arch.  f.  Kinderheilkuude.  Bd.  xlv.,  p.  21.  IWfl. 

'For  details  of  the  formation  of  ftsstires  in  the  cervical  regior^  fmrn  iacoraplete  clcwurc  of  the 
branchial  cleft;  si>eT'At»mi.'-Texl-book  or  General  Pathology."  Eng.lransl..  189fl,  p.  201. 

>  For  bibliography  of  branphial  cysle  sod  fistula  see  Coplin.  Pnjc.  Path.  .Soc.  ot  Philo,.  N.S,.  vol. 
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niFLAHHATIOIT.     (Pbaiyngitis,  Angina.) 

Catarrhal  pharyn^tiG  is  usually  associated  with  the  same  forms  of 
inflammation  in  the  mouth  and  has  similar  characters. 

In  catarrhal  inflammation  involving  the  tonsils  and  those  portions  of 

the  pharynx  richly  supplied  with  the  so-called  submucous  adenoid — 
lymphoid — tissue,  leucocytes  may  in  considerable  numbers  pass  through 
the  thin  epithelial  layer  and  mingle  with  the  exudate  upon  the  exposed 
surface. 

In  chronic  inflammation  of  the  pharynx  there  may  be  a  large  and 
permanent  hyperplasia  of  the  lymphoid  tissue,  with  more  or  less  dense 

IS  mu.;h  lymphoid  lL-«ue 

fibrous  tissue,  leading  to  diffuse  or  circumscribed  nodular  or  peduncu- 
lated masses  of  vascular  new  tis.sue  in  the  vault  or  elsewhere  in  the 

pharynx,  called  "adenoids."' 
Phlegmonous  pharyn^tis  may  occur  with  inflammations  of  the 

mucous  membrane,  with  caries  of  the  cervical  vertebrir,  with  inflammation 
of  the  cervical  and  parotid  glands,  with  periostitis  of  the  cranial  bones,  or 
it  may  occur  independently.  It  may  result  in  swelling  and  adema,  in 
induration,  or  in  suppuration.  It  is  most  important  when  it  affects  the 

posterior  wall  of  the  pharynx  and  forms  retro-pharyngeal  abscesses. 
Such  abscesses  may  cause  death  by  suffocation. 

DlphtheTitic  pharyngitis  is  that  form  of  pseudo-membranous  or 
croupous  inflammation  of  which  the  Bacillus  diphtheriip  is  the  ex- 

citant. The  general  characters  of  the  diphtheritic  infection  have  been 
con.sidered   in    an   earlier   part   of  this   book.     The  local  proces.s,  often 

■  fiw  p.  850.     For  »  «Iu<1y  of  th»  uvuin  in  vnrioui  nhnormal  ronditions  se*  Hoen.  Jour,  Exp.  Med.. 
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affecting  the  fauces,  pharynx,  and  tonsils,  may  involve  the  mouth  as 
well  as  the  larynx  and  trachea.  (For  details  of  the  local  lesion 
see  p.  282.) 

Tonsillitis. — The  tonsils  may  share  in  the  inflammatory  processes  of 
the  pharynx  or  be  independently  affected.  The  structural  characters 
of  the  tonsils  render  them  liable  to  infection  and  involve  certain  pecu- 

liarities in  the  lesions.* 
In  Follicular  Tonsillitis  the  swollen  organ  shows  upon  section  an 

increase  in  the  number  of  the  lymphoid  cells  of  the  nodules  and  a  hyper- 
plasia of  the  endothelium  of  the  reticulum.  These  new-formed  and 

often  exfoliated  endothelial  cells  are  similar  to  those  found  in  the  lymph- 
nodes  in  general  in  the  presence  of  bacterial  or  other  toxic  substances. 
There  may  be  an  increase  in  the  cells  of  the  stroma  of  the  tonsil.  The 
epithelial  cells  of  the  surface  and  the  crypts  may  increase  in  number 
and  exfoliate.  Epithelial  cells  and  leucocytes  and  other  forms  of  exudate 
may  gather  in  the  crypts  or  over  the  surface  of  the  tonsil,  forming  white 

plugs  or  a  whitish  pellicle.* 
In  Exudative  Tonsillitis  (suppurative  or  phlegmonous  tonsillitis, 

quinsy)  there  are,  in  addition  to  hyperplasia  and  catarrhal  inflammation, 
oedematous  swelling  and  suppuration  often  leading  to  abscess. 

Acute  inflammation  of  the  pharynx  and  tonsils  is  usually  infectious 
in  character,  and  may  be  due  to  various  forms  of  pyogenic  and  other 
organisms.  Thus  in  tonsillitis  and  other  forms  of  acute  angina,  the  most 

common  micro-organisms  concerned  are  Streptococcus  and  Staphylo- 
coccus pyogenes,  the  pneumococcus,  and  the  Micrococcus  tetragenus. 

Many  other  forms  have  been  isolated.' 
In  Chronic  Tonsillitis  (the  so-called  hypertrophy  of  the  tonsils) 

there  is  hyperplasia  of  the  lymph-nodules  with  increase  in  the  fibrous 
stroma.  The  mouths  of  the  crypts  may  be  occluded  and  distended  with 

exfoliated  cells  and  cell  detritus;  these  may  become  calcified.^ 
Tuberculous  Phaiyngitis. — Tuberculous  inflammation  of  the  pharynx 

may  be  primary  or  secondary  to  tuberculous  lesions  elsewhere;  ulcers 
may  form  and  the  tonsils  may  be  involved. 

The  hyperplasia?  of  the  pharyngeal  mucosa  in  children,  commonly 

called  ̂ * adenoids,"  have  been  found  in  a  considerable  number  of  cases  to 
be  tuberculous.  Whether  in  these  instances  the  lesion  is  tuberculous  in 

origin  or  whether  the  hyperplastic  tissue  affords  a  portal  of  entry  and 

local  vulnerability  to  infection  by  the  tubercle  bacillus  is  not  yet  clear.^ 

K'onsult  Dobrowolski,  *' Lymph  Nodules  of  the  Larynx,  (Esophagus,  etc.,"  Ziegler's  Beitrftge 
z.  path.  Anat.,  Bd.  xvi.,  p.  43,  1894. 

2  See  Hodenpyl.  "Anatomy  and  Physiologj'  of  the  Faucial  Tonsils,"  Am.  Jour.  Med.  Sciences, 
vol.  ci.,  p.  257,  1891;  also  Packard,  Phila.  .Med.  Jour.,  vol.  v.,  1900,  pp.  914,  957.  For  a  study  of  the 
lymph  drainage  of  the  faucial  tonsils  see  Wood,  Am.  Jour.  Med.  Sci.,  vol.  cxxx.,  p.  216,  1905.  For  a 
study  of  absorption  in  the  tonsih  see  Wright,  N.  Y.  Med.  Jour.,  vol.  Ixxxiii.,  p.  17,  1906. 

»  Tonsult  for  bacterioloRy  of  angina  Lartigau,  Phila.  Med.  Jour.,  vol.  iii.,  p.  899,  1899,  bibliography; 
for  a  study  of  acute  tonsillitis  see  Goodale,  Jour.  Boston  Soc.  Med.  Sciences,  vol.  iii.,  p.  63,  1899.  For 
a  study  of  actinomyces-like  structures  in  the  tonsillar  crypts  see  Gappisch,  Verh.  Deutsch.  path.  Gea., 
Bd.  ix.,  1905,  p.  130;  also  Wright,  Am.  Jour.  Med.  Sci.,  vol.  cxxviii.,  p.  74.  1904. 

*FoT  risunU  of  tonsillar  calculi  with  bibliography  see  Robertson,  British  Med.  Jour.,  1899,  vol.  i., 
p.  14.  For  a  study  of  bone  in  tonsils  see  Luhars:h,  Virch.  Arch.,  Bd.  clxxvii,  p.  371,  1904;  also  Ruckert, 
ibid.,  p.  387. 

'  For  a  study  of  hyperplasia  of  the  pharyngeal  lymphoid  tissue  (adenoids)  with  reference  to 
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The  possibiiity  should  be  borne  in  mind  that  from  tuberculous  "ade- 
noids" tubercle  bacilli  may  pass  through  the  fymph-channels  to  the 

bronchial  lymph-nodes,  and  that  the  pharynx  may  thus  be  a  more  impor- 
tant portal  of  entry  in  tuberculosis  than  has  been  hitherto  recognizetl. 

Fibromata  grow  from  the  periosteum  of  the  bones  at  the  base  of  the 
skull,  and  project  into  the  cavity  of  the  pharynx  and  posterior  nares  in 
the  form  of  large  polypoid  tumors.     Soft  polypoid  tumors,  consisting 

largely  of  loose  succulent  connective  tissue  and  lymphatic  tissue,  and 

often  called  "adenoid  polyps"  (see  Fig.  412),  are  of  fre(]uent  occurrence. 
They  are  usually  to  be  r'egarded  rather  as  hyperplasijp  than  true  tumors. 
Hairy  polyps  of  the  pharynx  have  been  described  by  Arnold'  and  others. 
primary  luhercuhMii  ol  the  phacynKml  loiuil  see  Larligau  sad  Xitall,  Am.  Jaur.  .Med,  Sr.,  vol,  cxxiii,, 
1»U2,  p.  lOIil,  bibliDgmphy. 

Bd.  «xvi..  p.  511,  IHW;  nl=o  Frirdmann,  ibid..  Bd.  xxviii.,  p. 
Bull.  I'niv.  Penan.,  vol.  xvi..  IWi.  p.  308.  See  aim  nftm 
cervical  and  bronchini  lymph-nodn  in  tuberculoue  infecliai 
p.  1.  1906. 

Fnr  general  bibliography  on  the  lonHJb-  see  Ullman.  Medic. 

lebadUixe 
66.  1900. 

ice  lo  (Irol «  «x  BriW 

e  r.  SrhrilmtT.  Ziegler's  Beilr.. 

ber.  p.  840.     For  relBtion   ol 
tr,  Vireh.  Arch..  Bd.  eb«iiv., 

nl  Nev,-8,  Ji inuaiy28U..  !BOI,p.  137. 
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Sarcoma,  carcinoma/  and  various  tumors  of  mixed  type  are  of  fre- 

quent occurrence  in  the  pharynx.^ 

The  (Esophagus. 

Malfonnations. 

Malformations  of  the  oesophagus  are  rare.  The  oesophagus  may  be  entirely  absent 
or  its  lower  portion  may  be  present  and  joined  to  the  pharynx  by  a  solid  cord;  or 
the  pharynx,  or  the  lower  part  of  the  oesophagus,  may  be  continuous  with  the  tr&chea; 
or  the  entire  oesophagus  may  be  represented  by  a  solid  cord.  Dilatations  of  the  oesoph- 

agus and  division  of  the  middle  portion  of  the  oesophagus  into  two  branches  have  been 

observed.'     The  mucosa  may  b,e  folded  across  the  lumen  partially  occluding  it. 

PERFORATION  AND  RUPTURE. 

Foreign  bodies  in  the  oesophagus  may,  as  already  mentioned,  perfo- 
rate its  wall.  Perforation  of  the  oesophagus  from  without  may  be  pro- 

duced by  inflamed  bronchial  glands,  by  the  extension  of  cavities  and 
gangrene  of  the  lungs,  by  abscesses  in  the  mediastinum,  by  abscesses 
accompanying  caries  of  the  vertebrae,  and  by  aneurisms  of  the  aorta. 
Rupture  of  the  wall  of  the  oesophagus  by  violent  coughing  and  vomiting 
has  been  described,  but  it  seems  improbable  that  this  should  occur  with- 

out some  previous  local  lesion.*  A  few  cases  of  perforating  ulcer  of  the 
oesophagus  have  been  recorded. 

HEMORRHAGE. 

Aside  from  injuries,  ulceration,  etc.,  haemorrhage  may  take  place 
from  the  lower  veins  of  the  oesophagus,  which,  in  obstructed  circulation, 

especially  in  atrophic  cirrhosis,  may  be  much  dilated — Gpsophagecd  varices.^ 

DHJITATION. 

Simple  Cylindrical  Dilatations  of  the  oesophagus  are  usually  th^e  result 
of  long-continued  stenosis  of  the  oesophagus  or  of  the  cardiac  end  of  the 
stomach,  althoiigh  not  nearly  all  the  stenoses  are  followed  by  dilatation. 
These  dilatations  are  formed  at  first  immediately  above  the  stenosis  and 
then  extend  upward.  Dilatation  may  occur  below  the  stricture.  Only 
in  rare  cases  does  the  dilatation  involve  the  whole  length  of  the  tube. 
The  entire  wall  of  the  dilated  portion  of  the  oesophagus  is  thickened,  and 
there  may  be  polypoid  growths  from  the  mucous  membrane. 

In  rare  cases  there  is  cylindrical  dilatation  of  part  or  of  the  whole  of 

'  For  a  study  of  carcinoma  originating  in  the  branchial  cleft  see  Powers,  Annals  of  Surgery,  Febru- 
ary, 1898. 
'  For  literature  of  malignant  disease  of  the  tonsils  consult  Newman,  Am.  Jour.  Med.  Sciraices, 

vol.  ciii..  p.  487.  1892;  also  Honsell,  Beitr.  zur  klin.  Chirurgie,  Bd.  xiv.,  1895. 

'  For  a  study  of  aberrant  islets  of  gastric  mucosa  in  the  upper  end  of  the  oesophagus  see  Schaffer, 
Virch.  Arch.,  Bd.  cbcxvii.,  p.  181,  1904. 

*  For  a  study  of  rupture  of  oesophagus  see  McWeeney,  Lancet,  1900,  vol.  ii.,  p.  158,  bibl. 
*See  Preble,  Am.  Jour.  Med.  Sci.,  vol.  cxix.,  p.  263,  1900. 



652  THE    DIGESTIVE    SYSTEM 

the  oesophagus  without  a  stenosis  or  any  discoverable  cause.  In  these 
cases  the  dilatation  is  usually  greatest  near  the  middle  of  the  oesophagus 
and  diminishes  upward  and  downward,  so  that  the  oesophagus  has  a  fusi- 

form shape.  The  dilatation  may  reach  a  very  considerable  degree,  the 
walls  of  the  oesophagus  are  thickened,  its  mucous  membrane  may  be 
covered  with  papillary  outgrowths  or  ulcerated. 

The  Sacculated  Dilatations  of  the  oesophagus  are  of  two  kinds:  those 
due  to  pressure,  and  those  due  to  traction. 

The  dilatations  due  to  pressure  are  situated  in  the  posterior  wall  of 
the  pharynx,  just  at  its  junction  with  the  oesophagus.  The  smaller  sacs 
are  from  the  size  of  a  pea  to  that  of  a  hazelnut;  the  larger  sacs  may 
reach  a  large  size  and  hang  down  between  the  oesophagus  and  the  verte- 

bral column,  the  opening  into  the  oesophagus  remaining  comparatively 
small.  It  is  supposed  that  a  limited  area  of  the  wall  of  the  oesophagus 
loses  its  power  of  resistance  against  the  pressure  exercised  upon  it  in 
each  act  of  swallowing;  it  then  is  forced  outward  by  the  pressure,  and 
so  there  is  formed  first  a  protrusion  and  then  a  sac.  When  a  sac  is 
formed  the  food  enters  it,  accumulates  there,  and  the  sac  becomes  larger 
and  larger. 

The  dilatations  due  to  traction  are  situated  on  the  anterior  wall  of 

the  oesophagus,  at  a  point  nearly  corresponding  to  the  bifurcation  of 
the  trachea.  They  are  of  funnel  shape,  with  the  small  end  outward. 
Their  length  varies  from  two  to  twelve  millimetres;  the  width  of  the 
opening  into  the  oesophagus  is  from  six  to  eight  millimetres. 

These  dilatations  are  due  to  inflammation  of  the  parts  adjoining  the 
oesophagus,  especially  of  the  bronchial  nodes,  followed  by  adhesions  to 
some  part  of  the  anterior  wall  of  the  oesophagus.  These  adhesions  then 

contract  and  'draw  the  wall  of  the  oesophagus  outward,  and  in  this  way 
the  dilatations  are  formed. 

At  a  later  time  these  sacs  may  perforate  into  the  bronchi,  the  lungs, 

the  pleural  cavity,  the  pericardium,  the  aorta,  or  pulmonary  artery.^ 

STENOSIS. 

Congenital  Stenosis. — Besides  the  defects  of  development  of  the 
oesophagus  which  are  incompatible  with  life,  there  may  be  a  congenital 
stenosis  of  some  part  of  it  which  causes  difRculty  in  swallowing,  but  yet 
does  not  destroy  life. 

Compression  Stenosis  is  not  uncommon.  Tumors  of  the  neck  and 
mediastinum,  and  aneurisms  of  the  aorta  are  the  usual  causes.  Stenosis 

from  vertebral  ecchondroses  has  been  reported.^ 
Obstruction  Stenosis. — Foreign  bodies  may  be  lodged  in  the  oesopha- 

gus. Tumors  may  hang  down  from  the  pharynx  into  the  oesophagus,  or 
may  be  situated  in  the  wall  of  the  oesophagus.     Inflammation  of  the 

^  For  bibliography  of  frsophageal  diverticula  see  Broach,  Deutach.  Arch.  f.  klin.  Med.,  Bd.  Lxvii., 
p.  44,  1900:  also  Starrk,  x\rch.  f.  Verdkr.,  Bd.  vii.,  1901,  p.  1.  For  later  cases  see  P/aff,  Trans.  Assn. 
Am.  Phys.,  vol.  xvi.,  1901,  p.  656. 

2  See  Zahn,  Miinch.  med.  Wochenschr.,  May  8th,  1906. 
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oesophagus,  due  to  the  ingestion  of  irritating  poisons,  may  induce  cica- 
tricial stenosis.     A  few  cases  of  stenosis  due  to  syphilitic  inflammation 

have  been  reported. 

INFLAMMATION.     ((Esophagitis.) 

Catarrhal  (Esophagitis  may  be  either  acute  or  chronic.  The  chronic 
form  may  lead  to  ulceration,  or  relaxation  and  dilatation  of  the  walls, 
or  to  hypertrophy  of  the  muscular  coat.     Leukoplakia  is  not  uncommon. 

Pseudo-membranous  (Esophagitis  may  occur  with  a  similar  process  in 
the  pharynx,  with  the  exanthemata  and  other  severe  diseases,  or  under 
other  conditions.  It  may  be  diphtheritic  in  character  or  due  to  other 
excitants  than  the  diphtheria  bacillus. 

Other  Forms  of  Inflammation  of  the  (Esophagus. — Foreign  bodies 
which  are  swallowed  and  become  fixed  in  the  oesophagus  may  incite 
inflammation  of  the  mucous  membrane  and  of  the  adjoining  soft  parts. 
Abscesses  may  form  around  the  oesophagus,  or  destroy  the  wall  of  the 
canal,  and  the  foreign  body  may  find  its  way  into  the  trachea,  aorta,  or 
pericardium. 

Inflammation  of  the  submucous  tissue  of  the  oesophagus,  apart  from 
the  cases  just  mentioned,  is  not  common.  It  may  result  in  abscess  or 
the  formation  of  fibrous  tissue,  causing  stenosis. 

Irritating  and  caustic  acids  and  alkalies  may  destroy  larger  or  smaller 
portions  of  the  mucous  membrane.  The  necrosed  portions  are  of  a  black 
or  whitish  color,  surrounded  by  a  zone  of  intense  congestion.  If  the 
patient  recover,  the  patches  of  membrane  which  have  been  destroyed 
slough  and  fall  off,  leaving  a  surface  covered  by  granulation  tissue.  As 
this  assumes  cicatricial  characters  and  contracts,  serious  stenosis  of  the 
oesophagus  may  be  produced. 

Tuberculous  (Esophagitis  may  occur  in  generalized  miliary  tuberculo- 
sis or  by  local  infection  from  tuberculous  sputa,  either  with  or  without 

obvious  predisposing  local  lesion,  or  through  an  extension  of  a  tubercu- 
lous process  from  adjacent  structures.     Ulceration  is  apt  to  occur. ^ 

Syphilitic  (Esophagitis. — There  may  be  gummata  which  encroach  upon 
the  lumen,  or  ulceration  followed  by  cicatrices  may  lead  to  stenosis. 

TUMORS. 

Small  Papillomata  may  occur  singly  or  in  considerable  numbers 
throughout  the  entire  length  of  the  oesophagus.  Large  papillary  tumors 
are  more  rare.  Small  submucous  fibromata  and  lipomata,  angiomata, 

and  leiomyomata  of  considerable  size  may  occur  in  the  oesophagus.  Sar- 

comata are  rare.^    Adenomata  and  myzomata  have  been  observed. 
Carcinoma  may  originate  at  any  part  of  the  wall  of  the  pharynx  and 

oesophagus.     The  tumor  may  encircle  the  tube;  it  may  remain  as  a  flat 

*  For  bibliography  of  tuberculous  oesophagitis  see  Flexner,  Johns  Hopkins  Hosp.  Bull.,  vol.  iv.,  p.  4, 
1893;  and  also  Cone,  ibid.,  vol.  viii.,  p.  229,  1897. 

2  Livingood,  Johns  Hopkins  Hosp.  Bull.,  vol.  ix.,  p.  159,  1898,  bibl. 
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infiltration  (Fig.  413),  or  project  inward  in  large,  fungous  masses.  In 
either  case  it  is  prone  to  ulceration.  The  growth  may  extend  up  and 
down  the  oesophagus,  and  even  involve  the  pharynx  or  stomach.  The 
ulcerative  process  may  e.vtend  outward  so  as  to  lead  to  perforation  into 

the  air  passages,  the  lunf^s,  pleuiw,  pericardium,  and  large  blood-vessels. 
The  new  growth  may  extend  outward  and  infiltrate  the  surrounding  soft 
parts,  so  that  the  cesophagus  is  surrounded  by  large,  solid,  cancerous 
masses.     Meta.static  tumors  are  also  sometimes  formed.' 

'  ■  Cysts. — Small  retention  cysts  of  the  follicles  of  the  mucous  membrane 
are  sometimes  found.  Larger  cysts  of  the  oesophagus  lined  with  ciliated 

epithelium  have  been  described,^ 

The  Stomach. 

HalfonnatioaB. 

MalformatioiiB  of  the  stomach  are  Dot  common.  The  orican  may  be  entirely  want' 
ing  in  acephalous  fietUEes.  It  may  be  of  various  degrees  of  smallness,  sometimes  no 
larger  than  the  duodenum.  It  may  be  divided  into  two  halves  by  a  deep  constriction 
in  the  middle.  It  may  be  vertically  placed.  Diverticula  are  noted.  The  stomach 
may  be  outside  of  tlie  alidominal  cavity  from  a  hernial  protrusion  through  the  dia- 

phragm or  at  some  point  in  the  abdominal  wall.  It  is  found  on  the  right  side,  instead 
of  the  left,  when  the  other  viscera  are  transposed,  and  the  position  of  the  cardiac  and 
pyloric  orifices  is  correspondingly  inverted. 

Congenital  stenosis  of  the  pylorus  in  infants  is  of  occasional  occurrence.     It  is  com- 

1  For  iToenI  bibliograiihy  of  leaioi 
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monly  due  ta  fibrous  hyperplasia  of  the  submucosa,  sometimes  involving  the  internal 

muscular  layers.' 

Cadaveric  Changes. 

The  mucous  membrane  of  the  stomach  is  liable  to  undergo  considerable  alterations 
soon  after  death,  owing  to  changes  in  the  distribution  and  composition  of  the  blood  and 
to  the  action  of  the  digestive  fluids.  The  blood  is  apt  to  collect  in  the  small  veins, 
especially  at  the  fundus,  while,  by  dififusion  of  the  coloring  matter,  red  or  brown  or 
black  streaks  and  patches  form  in  the  mucous  membrane.  • 

Those  portions  of  the  mucosa  on  which  the  food  and  digestive  fluids  collect,  usually 
at  the  fundus  and  on  the  posterior  aspect  of  the  stomach,  frequently  appear  gray  and 

turbid,  and  are  soft  and  easily  rubbed  off.  The  epithelium  in  these  regions  is  unusu- 
ally granular  or  disintegrated,  and  is  often  detached.  Sometimes  this  post-mortem 

softening  involves  the  entire  thickness  of  the  stomach  wall,  which  is  converted  into  a 

gray  or  yellow  or  brown  gelatinous  pulp.  Thus  large  or  small  post-mortem  perfora- 
tions may  occur. 

INJURIES. 

Perforating  wounds  of  the  stomach  usually  give  rise  to  a  fatal  perito- 
nitis. It  is  possible,  however,  for  the  wound  to  heal,  or  a  gastric  fistula 

may  be  formed. 
Rupture  of  the  stomach  may  be  produced  by  severe  blows  or  falls. 

HEMORRHAGE.     (Hsematemesis.) 

Small  extravasations  of  blood  in  the  wall  of  the  stomach  are  fre- 
quently found  in  persons  who  have  died  from  one  of  the  infectious 

diseases. 

Haemorrhage  into  the  cavity  of  the  stomach  may  occur  in  a  variety 
of  ways.  It  may  take  place  from  injuries  or  poisons;  from  ulcers  or 
carcinoma;  from  rupture  of  small  aneurisms  of  the  stomach,  or  from  the 
rupture  into  the  stomach  of  aneurisms  elsewhere.  It  may  occur  in 
infectious  diseases,  especially  in  yellow  fever,  or  in  diseases  of  the  blood. 
It  may  be  associated  with  passive  congestion  of  the  stomach  in  hepatic 
cirrhosis  of  the  liver,  obstruction  of  the  portal  vein,  chronic  disease  of 
the  heart  and  lung;  with  an  enlarged  spleen,  and  in  chronic  gastritis.  In 
the  new-born  and  young  infants  haemorrhage  into  the  stomach  not  infre- 

quently occurs  without  apparent  lesions  which  would  account  for  it;  or 
there  may  be  ulcers  of  the  mucous  membranes,  or  cardiac  disturbances, 
or  infection.  While  the  source  of  haemorrhage  into  the  stomach  is  often 
evident,  in  many  cases  none  can  be  discovered.  Considerable  bleeding 
can  evidently  take  place  by  diapedesis  in  congested  vessels. 

Some  cases  of  chronic  gastritis  are  characterized  by  general  bleeding 
from  the  mucous  membranes  of  the  stomach.^ 

1  See  Meltzer,  N.  Y.  Med.  Record,  vol.  liv.,  p.  25.3,  1898,  bibl.;  also  RoUeston  and  Crofton  Atkins, 
Brit.  Med.  Jour.,  1900,  vol.  ii.,  p.  1768;  also  Wachenheim,  Km.  ioxir.  Med.  Sci.,  vol.  cxxix.,  p.  636. 1905. 

'For  a  study  of  occult  hsemoirhage  in  the  gastro- intestinal  canal  see  Jaworski  and  Korolewicz 
Wiener  klin.  W^ochenschr.,  p.  1129.  1906. 
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ATROPHY  AND  DEGEHERATION. 

Atrophy  of  the  stomach  occurs  in  a  variety  of  cachectic  conditions, 
in  chronic  inflammation,  and  in  stenosis  of  the  cardiac  orifice. 

Albumlaous  degeneration  of  the  epithelium  may  occur  in  infectious 
diseases  and  in  inflammation  of  the  stomach. 

Fatty  degeneration  is  often  associated  with  arsenic  and  phosphorus 
poisoning  (Fig.  414). 

Amyloid  degeneration  of  the  small  vessels  is  associated  with  a  similar 
process  in  other  parts  of  the  body. 

niFLAHHATIOn.     (GaBtritis.) 

Acute  Catarrhal  Gastritis  is  usually  due  to  the  ingestion  of  irritating 
decomposing  or  infectious  substances  and  may  accompany  general 
infectious  diseases. 

After  death  the  mucous  membrane  may  be  congested  and  swollen, 
or  the  congestion  may  have  disappeared.  The  mucous  membrane  is 
coated  with  an  incrrase<l  amount  of  mucus,  especially  at  the  pyloric  end 
of  the  stomach. 

The  structural  changes  in  the  mucous  membrane  consist  chiefly  in 
swelling  and  albuminous  degeneration,  and  sometimes  exfoliation  of  the 
epithehum  with  an  increase  in  the  production  of  mucus  by  the  cylindrical 
cells  (Fig.  415),  while  the  intertubular  tissue  and  the  subinucosa  may  be 
cedematous  and  contain  a  few  emigrated  leucocytes.  The  solitary  lymph- 
nodules  may  be  enlarged  from  hyperplasia,  and  haemorrhagic  erosions 
may  be  present. 

Chronic  Gastritis. — This,  with  the  continuance  of  the  exciting  condi- 
tions, may  follow  the  acute  form.  It  is  often  associated  with  the  persist- 

ent use  of  alcohol,  with  ulcers  and  carcinoma,  with  venous  congestion 
from  heart  lesions,  cirrhosis  of  the  liver,  obstruction  of  the  portal  vein 
or  ascending  vena  cava,  or  chronic  diffuse  nephritis.  These  are  doubtless 
predisposing  conditions  rather  than  actual  excitants  of  the  disease. 

The  .stomach  may  be  normal  in  size  or  small  or  dilated.     Its  inner 
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surface  is  usually  covered  with  tenacious  mucus.     The  mucous  mem- 
brane may  be  congested  with  minute  hemorrhages  or  erosions,  or  it  may 

be  pale  and  gray  or  pigmented  from  former  hjemorrhages.  It  may  be 
thickened  or  thinner  than  normal.  Often,  owing  to  irregular  thickening, 
it  projects  in  places  in  the  form  of  minute  granules,  or  it  is  irregularly 

roughened — flat  mamelonnf~or  there    may  be  distinct  polypoid  out- 
growths.    These    alterations  are  usually  most  marked  in  the  pyloric 
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region.  Microscopical  examination  shows  alterations  varying  in  differ- 
ent parts  of  the  organ  and  in  different  stages  of  the  disease.  The  surface 

epithelium  may  be  degenerated  and  exfoliated.  The  detached  epithe- 
lium with  leucocytes  may  be  mingled  with  the  mucus  covering  the  surface. 

The  gastric  glands  may  be  variously  altered.  They  may  be  dilated,  or 

elongated  and  tortuous,  or  hyperplastic'  or  atrophied;  their  epithelium 
may  be  flattened,  dejjenerated,  or  detached.  The  interstitial  tissue  and 
the  submucosa  may  be  infiltrated  with  small  spheroidal  cells  or  new- 
formed  larger  polyhedral  cells  (Fig.  416),  and  new  fibrous  tissue  may 
form  (Fig.  417),  thus  often  greatly  thickening  the  mucous  membrane 

and  causing  atrophy  of  the  glands.  The  lymph-nodules  at  the  base  of 
the  glands  may  be  enlarged  from  hyperplasia.     On  the  other  hand,  the 

l^howiDK  the  new-fonc 

s  membrane,  as  contraction  takes  place  in  the  new-formed  intersti- 
tial tissue,  may  underco  great  atrophy  {Fig.  418),  so  that  it  is  pale,  thin, 

often  gray  in  color,  with  more  or  less  pigmentation. 

The  formation  of  new  fibrous  ti.'^sue  may  later  involve  the  muscularis 
also,  leading  to  various  distortions  of  the  stomach. 

Croupous  Gastritis  (Membranous  or  Diphtheritic  GastiltiG). — This 
form  of  gastric  inflammation,  most  common  in  children,  may  be  asso- 

ciated with  diphtheria  or  with  other  infectious  diseaset*,  but  may  occur 
independently.  In  adults  it  is  usually  secondary  to  typhus  fever, 

pneumonia,  pycemia,  typhoid  fever,  the  exanthemata,  and  other  infec- 
tions, and  may  follow  the  ingestion  of  irritant  poisons.  The  excitants 

are  thus  of  the  moat  varied  kinds,  as  is  the  case  in  pseudo-membranous 
inflammation  elsewhere  in  the  body.  The  false  membrane  may  be  in 
small  patches  or  line  a  considerable  portion  of  the  stomach. 

Exudative  Ga8tiitis   (Suppurative  or  Phlegmonous  Gastritis). — This 
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process  is  characterized  by  the  formation  of  purulent  and  other  exudate 
in  the  connective  tissue  of  the  mucosa  and  submucosa.  The  exudate  may 

be  diffuse  or  localized  in  the  form  of  abscess.  As  an  independent  affec- 
tion it  is  rare.  It  is  more  frequent  in  connection  with  puerperal  fever 

and  other  infectious  diseases;  it  has  been  ascribed  to  injury. 
The  accumulation  of  exudate  may  be  slight,  the  interglandular  and 

submucous  tissue  being  oedematous  with  few  pus  cells.  The  mucous 
membrane  may  under  these  conditions  remain  intact  or  show  slight 
catarrhal  lesions.  When  this  relatively  slight  accumulation  of  exudate 
occurs  in  the  pyloric  region  it  may  apparently  occasion  temporary 
stenosis.  On  the  other  hand,  a  considerable  or  large  amount  of  exudate 
may  form,  and  the  process  may  involve  diffusely  a  large  part  of  the  wall 
of  the  stomach;  or  the  process  may  be  circumscribed  and  abscesses  may 
form.  The  suppurative  process  may  extend  to  the  mucous  membrane, 
or  to  the  serosa,  and  thus  perforations  may  occur  and  the  incitement 
of  peritonitis.  Little  is  known  of  the  direct  excitants  of  phlegmonous 

gastritis.^     Streptococcus  pyogenes  has  been  found  in  the  exudate.^ 
Toxic  Gastritis. — The  mineral  acids,  the  caustic  alkalies,  arsenic, 

corrosive  sublimate,  and  the  metallic  salts,  phosphorus,  camphor,  and 
other  irritating  materials,  induce  different  lesions  of  the  stomach,  accord- 

ing to  their  quantity,  their  strength,  and  the  length  of  time  which  has 
elapsed  before  death. 

In  large  quantities  they  destroy  and  convert  into  a  soft,  blackened 
mass  both  the  mucous  membrane  and  the  other  coats,  so  that  perforation 
may  take  place.  In  smaller  quantities  they  produce  black  or  white 
sloughs  of  the  mucous  membrane,  surrounded  by  a  zone  of  intense  con- 

gestion. If  death  does  not  soon  ensue,  the  ulcerative  and  cicatricial 

processes  which  follow  such  sloughs  may  contract  and  deform  the  stom- 
ach in  various  ways. 

If  the  poisons  are  of  less  strength  they  may  induce  a  diffuse  conges- 
tion of  the  mucous  membrane,  with  catarrhal  or  croupous  exudation  on 

its  surface  and  serous  infiltration  of  the  submucous  coat  (see  chapter  on 
Poisons) . 

Tuberctilous  Gastritis  of  the  stomach  is  rare  and  is  usually  secondary 
to  tuberculous  lesions  elsewhere.  There  may  be  miliary  tubercles  or 
small  or  large,  single  or  multiple  ulcers  involving  especially  the  mucosa 

and  submucosa.^ 
Syphilitic  Inflammation  of  the  stomach  with  ulceration  has  been 

occasionally  observed.^ 

*  Reference  to  the  bibliography  of  micro-organ  isms  of  the  normal  stomach  may  be  found  in  an 
article  by  Weiss  on  "  Bacteria  in  the  Stomach  of  the  Cat."  Jour,  of  Applied  Microscopy,  vol.  iii.,  p.  827, 
1900;  also  Coyon.  "Flore  microbienne  de  I'estomac."  Thfese  de  Paris,  1900,  bibliography.  For  bibl.  of 
phlegmonous  gastritis  see  Leith,  Edinburgh  Hospital  Reports,  vol.  iv.,  p.  51,  1896.  For  a  laterstudy  see 
Schnarrwyler,  Arch.  f.  Verdkr.,  Bd.  xii.,  p.  1 16, 1906,  bibl. 

2  See  KinnicuU,  Trans.  Assn.  Am.  Phys.,  vol.  xv.,  p.  127,  1900,  bibl.  For  a  study  of  lesions  of  the 
stomach  as  portals  of  entry  of  bacteria  aee  James,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  72,  1901. 

'  Consult  for  bibliography  of  tuberculosis  of  stomach,  Blumer,  Albany  Medical  Annals,  March,  1898. 
*  Consult  for  bibliography  Flexner,  American  Journal  of  Medical  Sciences,  vol.  cxvi.,  p.  424,  1898. 



ULCERS  OF  THE  STOMACH. 

Cbronic  Perforating  Ulcer. — This  form  of  ulcer  is  often  seen;  accord- 
ing to  Brinton,  in  five  per  cent,  of  persons  dying  from  all  causes.  It 

occurs  in  females  nearly  twice  as  frequently  as  in  males.  As  regards  the 
age,  Brinton  concludes  that  the  liability  of  an  individual  to  become  the 
subject  of  gastric  ulcer  gradually  rises,  from  wliat  is  nearly  a  zero  at  the 

age  of  ten,  to  a  high  rate,  which  it  maintains  through  the  period  of  mid- 
dle life;  at  the  end  of  which  period  it  again  ascends,  to  reach  its  maximum 

at  the  extreme  age  of  ninety. 

The  analysis  of  793  hospital  cases  by  Welch"  show's  that  the  ulcers 
were  on  the  lesser  curvature  in  288,  in  the  posterior  wall  in  235,  at  the 
pylorus  in  95,  on  the  anterior  wall  in  69,  at  the  cardia  in  50,  at  the  fundus 
in  29,  on  the  greater  curvature  in  27. 

Showinfl  a  a«otion  through  the  etomach  waJl  at  the  ceatml  part  of  the  round  ulc^er 

As  regards  the  number  of  ulcers,  two  or  more  are  present  in  about 

twenty-one  per  cent.;  there  may  be  two,  three,  four,  or  even  five  ulcers. 
In  cases  of  multiple  ulcers  these  are  often  developed  successively. 

In  size  the  ulcers  vary  from  one-quarter  of  an  inch  to  five  or  six 
inches.  They  are  usually  of  circular  shape,  sometimes  oval;  sometimes 
two  or  more  are  fused  together. 

The  ulceration  is  largest  in  the  mucous  membrane  (Fig.  419).  It 

may  remain  confined  to  this,  or  extend  outward  and  involve  the  connec- 
tive tissue,  muscular  and  peritoneal  coats,  its  diameter  becoming  smaller 

&B  it  advances.  The  ulcer  looks  like  a  clean  hole  punched  out  of  the 

wall  of  the  stomach  (Fig.  420).  Its  floor  may  show  no  active  inflamma- 
tory changes.  Its  edges  may  be  in  the  same  condition,  or  they  may  be 

thickened  by  the  growth  of  connective  tissue  and  cell.  The  rest  of  the 
mucous  membrane  of  the  stomach  is  apt  to  be  in  a  condition  of  chronic 
catarrhal  inflammation. 

The  ulcer  may  perforate  directly  through  the  wall  of  the  stomach,  and 
the  contents  of  the  latter  are  discharged  into  the  peritoneal  cavity;  or 
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adhesions  are  formed  between  the  wall  of  the  atomatrh  and  the  neighbor- 
ing viscera,  so  that  the  bottom  of  the  ulcer  is  closed;  or  if  the  liver,  the 

intestines,  or  the  abdominal  wall  become  adherent,  these  may  be  invaded 

by  the  ulcerative  process,  and  cavities  or  fistulie  are  formetl  comniuni- 
cating  with  the  stomach;  or,  if  the  adhesions  are  incomplete,  a  local 
peritonitis  and  collections  of  pus  may  be  developed.  Perforation  may 
take  place  into  the  colon  or  duotlenum,  or  into  the  pericardium  or  pleura. 

During  the  progress  ot  the  ulcer  there  may  be  repeatetl  small  hiemor- 
rhages  from  the  erosion  of  small  blood-vessels,  or  large  hEemorrhages 
from  the  erosion  of  larger  arteries. 

In  many  cases  these  ulcers  cicatrize,  and  such  a  cicatrization  may 
produce  various  deformities  of  the  stomach. 

The  origin  of  such  ulcers  is  often  obscure.  It  seems  probable  that 
the  nutrition  of  a  circumscribed  part  of  the  wall  of  the  stomach  is  inter- 

fered with,  and  that  this  portion  is  then  destroyed  by  the  action  of  the 
gastric  juice.  But  we  are  in  most  cases  still  ignorant  of  the  way  in  which 
the  obliteration  of  the  arteries  is  effected.  It  has,  indeed,  been  demon- 

strated in  animals  that  an  artificial  embolism  of  the  branches  of  the 

gastric  arteries  may  lead  to  ulcers  of  the  stomach;  and  in  the  human 

stomach  we  occa.'*ionally  find  cases  of  embolism  ot  the  branches  of  the 
gastric  artery  and  ulcers.  But  the  clinical  history  of  most  cases  of  ulcer 
of  the  stomach  does  not  correspond  with  such  a  mode  of  origin.  A 
chronic  obliterating  endocarditis  would  seem  to  be  a  more  probable 
cause.  The  possibility  of  a  bacterial  origin  in  some  cases  should  not  be 
overlooked. 

Follicular  Ulcers,  similar  to  those  in  the  small  intestine,  are  of  occa- 
sional occurrence  in  the  stomach.  They  are  formed  by  the  degenerative 

changes  and  necrosis  in  the  solitary  lymph-nodules  of  the  stomach. 
For  Tuberculous  Ulcers,  see  above. 
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Haemorrhagic  Erosions  occur  as  rounded  spots  or  narrow  streaks, 
formed  by  a  loss  of  substance  of  the  mucous  membrane.  The  mucous 
membrane  at  these  points  may  be  congested,  soft,  and  covered  by  smaU 
blood-clots.  The  destruction  of  the  mucous  membrane  is  usually  super- 

ficial, but  may  involve  its  entire  thickness.  The  internal  surface  of  the 
stomach  may  be  studded  with  these  erosions.  They  give  rise  to  repeated 
haemorrhages,  and  are  accompanied  by  catarrhal  inflammation  of  the  rest 
of  the  mucous  membrane. 

They  occur  at  all  periods  of  life,  even  in  infants.  Their  usual  seat  is 
the  pyloric  portion  of  the  stomach.  They  may  occur  independently  of 
other  obvious  lesions,  but  are  most  frequent  in  connection  with  chronic 
congestion  of  the  mucosa,  chronic  gastritis,  in  infectious  diseases,  and 
intoxications. 

DILATATION  AND  DISPLACEMENT. 

Very  considerable  degrees  of  dilatation  of  the  stomach  are  found  at 
autopsies,  without  stenosis  of  the  pylorus  or  other  mechanical  cause  to 
account  for  them.  It  is  usually  difficult  to  determine  how  long  these 
dilatations  have  existed  and  their  influence  in  the  illness  or  death. 

Acute  dilatation  of  the  stomach,  with  vomiting  of  very  large  quanti- 
ties of  thin  fluid,  has  been  observed  in  a  few  cases,  the  dilatation  being 

developed  suddenly  and  without  discoverable  cause. 
Of  the  mechanical  factors  which  lead  to  dilatation  of  the  stomach  a 

stenosis  of  the  pylorus  is  the  most  common.  Such  a  stenosis  may  be 
effected  by  a  tumor,  by  chronic  inflammation  and  thickening,  and  by  the 
cicatrization  of  ulcers.  Less  frequently  obstructions  of  the  small  and 
large  intestines  act  in  the  same  way.  Some  forms  of  chronic  gastritis  are 
attended  with  dilatation  of  the  stomach  without  stenosis.  In  rare  cases 

circumscribed,  sacculated  dilatations  are  produced  by  the  presence  of 

foreign  bodies — portions  of  wood,  metal,  etc. 
The  stomach  may  be  variously  displaced  by  pressure  from  without. 

TUMORS. 

Papillomata. — It  has  already  been  mentioned  that  in  some  cases  of 
chronic  gastritis  there  are  small,  polypoid  hypertrophies  of  the  mucous 
membrane.  Besides  these  we  find  polypoid  tumors  which  may  reach  a 
considerable  size.  They  are  composed  of  a  connective-tissue  stroma 
arranged  in  tufts  covered  with  cylindrical  epithelium.  In  some  cases 
there  are  also  tubules  lined  with  cylindrical  epithelium,  so  that  the  tumor 
has  partly  the  structure  of  an  adenoma  (Fig.  421).  Fibromata  of  small 
size  are  sometimes  found  in  the  connective-tissue  coat.  Lipomata  are 
formed  in  the  submucous  connective  tissue  in  the  shape  of  rounded  or 
polypoid  tumors.  They  usually  project  inward,  but  sometimes  outward 

beneath  the  peritoneum.  They  may  also  appear  in  the  form  of  numer- 
ous vellow  nodules  beneath  the  mucous  membrane. 

Myomata  occur  in  the  form  of  rounded  tumors  which  originate  in  the 
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muscular  coat,  but  may  gradually  separate  themselves  from  it  and  pro- 

ject inward  or  outward. '  The  submucous  myomata  are  at  first  small 
tumors  lying  loosely  attached  in  the  submucous  tissue.  As  they  grow 
larger  they  push  the  mutous  membrane  inwaixl  and  take  the  shape  of 
polypoid  tumors.  Small  multiple  ang^omata  may  be  found  in  the  stom- 

ach in  connection  with  similar  tumors  in  the  submucosa  throughout 

the  gantro-intestinal  canal.'  L3rmphomata  in  the  wall  of  the  stomach 
are  seen  in  some  cases  of  leuka?mia. 

Sarcomata  of  the  stomach  are  rare.  In  some  of  the  tumors  of  the  wall 
of  the  stomach,  which  are  ordinarily  called  cancerous,  the  structure  is 
not  well  defined,  and  it  is  possible  that  some  of  them  arc  sarcomata.  . 

Sarcomata  of  the  stomach  may  be  round-cellod  or  spin  die- celled,  and ' 
mixed  forms  occur — myxo-sarcoma,  angio-sareoma,  otc.^ 

Adenoma. — It  has  been  already  mentioned  that  in  some  of  the  papil- 
lary tumors  of  the  mucous  membrane  there  is  a  considerable  growth  of 

tubules  lined  with  cylindrical  epithelium  (Fig.  421).  Besides  these  we 
find  in  the  submucous  coat  circumscribed  tumors  composed  of  tubules 
irregular  in  form  ami  lined  with  one  or  more  layers  of  cylindrical  epithe- 

lium, like  tliowe  of  the  gastric  mucous  meml)rane.  (Sec  Adcno-carcinonia 
below.) 

Carcinoma  of  the  stomach  is  usually  primary,  but  is  occasionally  sec- 
ondary to  cancer  elsewhere.     It  is  of  relatively  common  occurrence,  the 

' .-ii-P  n-firrnc^s  )u  n.fin,fkr  nrnl  Marfallum.  foot-not*,  p.  ass. 
-.<w  ZHiri-,  Tran-,  Afm.  Amor.  Ph.™..  vol.  kv,,  p.  165,  I9fm,  hiljl.;  nl™  F™ui>t,  Luncet,  vol. 
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stomach  in  Welch 's  analysis  of  over  30,000  cases  being,  next  to  the  uterus, 
the  organ  most  frequently  affected. 

The  situation  in  Welch's  summary  of  1,300  cases'  was;  in  the  pyloric 
region,  791;  leaser  curvature,  148;  cardia,  104;  posterior  wall,  68;  involv- 

ing a  greater  part  of  the  stomach,  01;  greater  curvature,  34;  anterior 
wall,  30;  fundus,  19;  multiple  tumors  in  45  cases.  Carcinoma  of  the 
stomach  is  rare  in  childhood.' 

Carcinomata  of  the  stomach  occur  in  various  forms.  There  may  be 
larger  or  smaller,  flat  or  rounded  or  lobulated  growths  projecting  from 

the  inner  surface  of  the  stomach  (Fig.  422).  The  mucous  membrane 
over  them  may  be  intact  or  with  a  portion  of  the  tumor  may  ulcerate. 
The  destructive  process  may  advance  so  that  some  of  the  ragged  or 
smooth-edged  ulcers  may  reach  a  large  size.  The  wall  of  the  stomach 
may  be  involved;  peritoneal  adhesions  may  form,  or  perforation  may 
occur.     On  the  other  hand,  the  carcinoma  may  grow  in  the  form  of  a 

1  Wrich.  Pcpper'ii  -Syslflm  uf  Practii-sl  Medieine."  vol.  ii,.  p.  561.  1HS5. 
•  See  Oalrr  and  MrCrae  on  -Carcintinia  of  the  .'^tomiich  in  the  Young, ■'  N.  Y.  Mpd.  Jour.,  vol.  Uii.. 
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diffuse  infiltration  of  the  wall  of  the  stomach  (Fig.  423).  Such  tumors 
are  less  liable  to  ulcerate.  They  may  be  overlooked  or  mistaken  for  a 
chronic  inflammatory  lesion. 

Metastatic  tumors  in  the  liver,  the  lymph-nodes,  and  the  peritoneum 
are  common,  but  such  metastases  may  occur  in  any  part  of  the  body. 
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The  most  common  type  of  carcinoma  of  the  stomach  is  the  medullary 
or  so-called  ade no-carcinoma,  in  which  often  to  a  considerable  extent  the 
glandular  type  is  maintained  in  many  parts  of  the  growth  (Fig.  241}, 
p.  400).  The  cylindrical  or  polyhedral  epithelial  cells  line  variously 
shaped  alveoli,  which  frequently  maintain  well-marked  lumina.  Cystic 
distention  of  these  may  occur. 

Fibrous  carcinoma,  scirrhus,  is  the  next  most  frequent  type,  and  such 
are  often  the  infiltrating  forms  (Fig.  266,  p.  414). 

The  third  type,  gelatinous  carcinoma  {Fig.  267,  p.  415),  often  forms 
extensive  growths  and  is  apt  to  invade  adjacent  structures  and  to  estab- 

lish metastases.' 

Stenosis  of  the  pylorus  and  chronic  gastritis,  adhesions,  fistuke, 

distortion  of  the  stomach,  perforations,  etc.,  ha-morrhage,  suppurative 
inflammation,  are  among  the  frequent  secondary  complications  of  gastric 
cancer. 

Among  the  relatively  infrequent  secondary  cancers  of  the  stomach, 

those  originating  in  the  breast  are  proportionately  large." 
Cysts  of  the  stomach  wall  have  been  recorded,' 

For  Reneral  hil>Iiography  of  lesions  of  the  stomath  wee  Thorol,  Luborsch  and 

Dstertag's  ''  Ergebnisse,"  Jahrg.  V.  for  1S9S,  p.  142,' 

liii..  p.  11^.  11 

■  .S'rAufriF  hiH  spvn  u  IntSP  tyai  of  undcti 
i  For  a  study  of  retmnnulo  lupUnlBM^  < 

he  tivfTwtJnmb,  Arlivilcn  P.Xh.  .\uat.  1 
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FOREIGK  BODIES. 

Among  tlie  various  foreign  bodies  which  by  acci<lpnt  or  design  may 
be  present  in  the  stomach  may  be  mentioned  hairs,  thread,  string,  etc., 
which  have  been  swallowed  from  time  to  time,  usually  by  hysterical 
women.  These  may  be  closely  packed  together  into  a  large  mass  nearly 
filling  the  cavity  of  the  stomach,  to  which  in  shape  it  mav  correspond 

(Fig.  424).' 

The  Intesttnes. 

HaUormatiom. 

Atresia  Asi. — Absence  of  the  anal  opening  is  frei[uent.     This  may  lie  ftsaociated 
with  partial  or  complete  atresia  of  the  rectum  or  of  the  colon  which  may  be  represented 
by  solid  cords.     Blind  terminations  of  the  small  intestine  may  occur,  or  there  may  be 
complete  closure  of  the  gut.     There  may  be  absence 
of  continuity  between  the  lar^e  and  small  intestine. 

The  np/Hmdij:  may  be  absent,  but  this  is  a  very 

rare  anomaly.' 
TR.\N.ii-oHmos. — The  position  of  the  intestines 

may  \te  the  opposite  to  that  which  is  usually  found. 

The  trans iKisit ion  may  affect  all  the  abdominal  vis- 
cera, or  only  a  sinRle  viscus  is  transposed. 

Anomalous  Positioks. — The  intestines  with  the 
other  alKlominal  viscera  may  be  partly  without  the 
abdominal  cavity  in  failure  of  the  abdominal  walls 
to  close  in  development  (see  Fig.  178,  p.  324).  Dis 

placements  of  the  colon  are  not  infret|uent.' 
Diverticula. — Congenital  Dirfrticula. — These  are 

most  frerjuent  in  the  lower  part  of  the  ileum.  They 

usually  spring  from  the  convex  surface  of  the  intes- 
tine, more  rarely  from  Us  attached  border.  In  the 

latter  case  they  are  joined  to  the  mesentery  by  a  fold 
of  peritoneum.  The  diverticulum  forms  a  pouch 

from  one  to  six  inches  long,  of  about  the  same  diam- 
eter as  the  intestine,  smallest  at  its  free  extremitv 

(FiR.  395). 
Such  diverticula  do  not  interfere  with  the  func- 

tions of  the  intestines.     They  occasionally  form  jjart 
of  a  hernia.     Sometimes  the  remains  of  these  intes-      p,,,  4^5.— DivEHTicT-niM  or  the 
tina!  diverticula— called  .Meckel's  diverticula — form  .sjuai-l  Intestine, 
soft,  projecting  tumors  at  the  umbilicus'  in  children. 
Microscopical  examination  of  such  tumors  often  shows  the  structure  of  the  intestinal 
mucosa  and  museularis.  It  they  remain  attached  by  a  fibrous  cord  to  the  navel,  this 

cord  may  be  the  cause  of  incarceration  of  a  portion  of  the  intestines.* 
Acquired  Dii-crliciiln. — Not  infretiuently  one  finds  at  autopsies  either  in  the  small 

or  large  intestine  diverticula  or  hernia,  which  project  from  the  exterior  of  the  gut, 
usually  near  its  mesenteric  attachment.    These  consist  of  the  mucous  membrane 

■  Surh  u  i>|>eriiDMi.  m™ti™«l  by  Onirr,  n  in  Ihe  muKum  of  Mrtiill  I'nivereily;  unothrr.  reported 
hy  Fiadler  <««  Fis.  :i!H).  to  in  the  muwum  of  the  follOKe  of  Phj-xiriiuu  nod  .Surseoiu.,  N.  Y.  «w 
Jarohjvn.  .Med.  News.  Feh,  16th,  laoi;  abo  Framrk.  Brit,  .Me<l,  Jour.,  vol,  ii,.  p.  I9fl8.  IBOi.  bibl. 

'  For  hiblieigrnphy  of  reported  nmw  aee  .Vmbrr,  Am.  Jour.  .Mi'd,  Sri.,  vol.  exvi,,  p,  405,  ISUS. 
'  ForbiblioBniphy  of  umbilieni  tumores        
-  For  biljliogniphy  Hpe  Rir^num,  Proe,  P 
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which  has  been  crowded  through  the  muscularis  and  is  covered  by  serosa.  They  may 

form  in  connection  with  the  appendix.  These  so-called  "false  diverticula"  may  be 
large,  but  are  generally  not  larger  than  a  pea;  they  may  be  single  or  numerous  (Fig. 

396.).  They  as  a  rule  cause  no  functional  di^tturbanee,  but  may,  through  the  accumu- 
lation of  ftecal  material  within  them,  be  the  scat  of  perforation,  inducing  abscesees  or 

peritonitis.     Or  they  may  lead  to  local  adhesion  to  adjacent  parts.' 

Cloaca.— The  rectum  may  open  into  the  bladder,  urethra,  or  vagina.  Thus 
cloaca  are  formed  which  are  often  a.ssociated  with  other  malformations  of  the  abdomi- 

nal wall,  intestines,  and  generative  organs. 

Incarceration,  VoItuIus. 

1 .  The  most  common  form  is  that  in  which  a  portion  of  intestine  is  strangulated  by 
a  fibrous  band.  Such  fibrous  bands  are  the  result  of  |)eritonitis  or  may  be  of  f(Btal 
origin.  They  pass  from  the  intestines  to  the  abdominal  wall,  or  from  one  part  of  the 
intestines  to  another.  The  intestine  becomes  in  some  way  caught  under  one  of  these 
bands  and  is  compressed  by  it.  The  stricture  thus  produced  may  lead  to  a  gradual 
accumulation  of  feces  in  the  intestine  above  it,  and  may  last  for  a  long  time  before 
death  ensues.  In  other  cases  the  stricture  interferes  at  once  with  the  circulation  of 

the  blood;  the  intestine  is  intensely  congested,  becomes  gangrenous,  and  death  takes 
place  with  the  symptoms  of  general  peritoniti^. 

2.  A  portion  of  intestine  becomes  caueht  in  some  abnormal  opening  in  the  mesen- 
tery or  omentum,  or  in  the  foramen  of  Winslow,  or  between  the  two  layers  of  the  mes- 

entery. We  have  seen  a  ease  in  which  twelve  feet  of  intestine  had  passed  through 
a  small  opening  in  the  mesentery. 

3.  A  coil  of  intestine  makes  a  half  turn  at  its  bafle,  so  that  the  two  sides  of  the 

loops  cross  at  its  base.  In  this  way  the  lumen  of  the  intestine  is  completely  closed 
and  the  vessels  are  compressed,  so  that  congestion,  peritonitis,  and  gangrene  result. 
This  form  of  lesion  is  most  frequent  in  the  ascending  colon.  In  the  small  intestine  it 
may  occur  when  the  gut  is  fixed  by  old  adhesions.  This  twisting  of  the  gut  is  called 
volvulus. 

4.  A  portion  of  the  intestine,  with  its  mesentery,  makes  one  or  more  complete 
turns  on  itself,  closing  the  canal  and  compressing  the  vessels. 

5.  A  portion  of  the  intestine  makes  a  half  or  entire  turn  about  its  longer  axis. 
This  is  very  rare,  and  occurs  only  in  the  colon. 

6.  The  mesentery  of  a  part  of  the  intestine  is  long  and  loose,  in  consequence  of  a 
dragging  down  of  the  intestine  by  a  hernia  or  by  habitual  constipation.     The  portion 

1  CunsuU /■!«:*«■. -FalMDiverlicuU  of  the  Intestine."  Jour.  Ejij).  MeH.,  vol.  v.,  p.  333.  1901. 
hibl:  hIbo  Hrrr,  Am.  Jaur.  .MikI,  .Sci.  vol.  rxxviii..  p.  135,  1004.  For  divenicula  of  appendix  see  Corn - 
inc.  Albany  Mpil,  Annuh,  Dn}.    1905. 
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of  intestine  thus  permitted  to  hang  down  is  habitually  filled  with  feces,  and  by  its 
pressure  on  some  other  part  of  the  intestine  produces  an  incomplete  stricture. 

This  change  of  position  consists  in  the  invagination  of  one  portion  of  intestine  in 
another  portion  (Pig.  427).  Usually  this  takes  place  in  the  direction  of  the  peristaltic 
movements,  from  above  downward;  more  rarely  in  the  opposite  direction. 

The  parts  are  found  in  the  following  condition:  There  are  three  portions  of  intes- 
tine, one  within  the  other.  The  inner  portion  is  continuous  with  the  intestine  above 

the  intussusception;  its  peritoneal  coat  faces  outward.  The  outer  portion  is  continu- 
ous with  the  intestine  below;  its  peritoneal  coat  also  faces  outward.     The  inner  portion 

is  turned  in.-<ide  out,  its  mucous  membrane  is  in  contact  with  the  mucous  membrane  o: 
the  outer  portion.  In  rare  ea.ses  the  intussusception  is  complicated  by  the  invaginatior 
of  a  second  portion  of  inte«linc  in  the  inner  tube,  and  even  by  a  third  intussusceptior 
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Into  the  second  one.  These  changes  occur  Irath  in  the  large  and  small  intestine:  most 
frequently  the  lower  part  of  the  ileum  is  invaginated  in  the  colon.  The  invaginated 

portion  may  be  from  a  few  inches  to  several  feet  in  length.  The  lesion  is  most  fre- 
quently found  in  early  childhood. 

The  intuasuscejjtion,  by  the  dragging  and  folding  of  the  mesentery  which  it 
involves,  may  lead  to  intense  congestion  of  the  parts,  and  even  to  large  hsmorrbages 
between  the  coats  of  the  intestine.     The  congestion  may  induce  fatal  peritonitis,  or 

Fio.  429.— Is c 
I.  Heu 

iA— 0»l 

gangrene  of  the  intestine,  or  chronic  inflammation  and  adhesions,  and  the  patient  may 
live  for  a  considerable  time  with  symptoms  of  stricture.  Id  other  cases  the  invagin- 

ated portion  of  the  intestine  Hloughs,  the  out*r  and  inner  portions  become  adherent. 
and  the  patient  recovers,  with  or  without  stricture. 

Besides  this  grave  form  of  intussusception  we  often  find,  especially  in  children,  one 
or  more  small  invaginations  not  attended  with  congestion  or  inflammation.  These  are 
agonal  or  are  formed  immediately  after  death  (Fig.  428). 

The  dislocation  and  protrusion  of  the  whoh 
normal  position  h  called  hernia.  This  may  o 
most  frequently  involve*  the  abdominal  viscer 

r  a  part  of  an  internal  organ  from  its 
ir  in  various  parts  of  the  body,  but 
e.specially  the  inle^ttine  or  omentum. 
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In  the  most  common  form  of  the  so-called  inguinal  hernia,  which  is  of  frequent  occur- 
rence in  men,  there  is  a  descent  into  the  inguinal  canal  of  either  a  loop  of  intestine 

(Fig.  429)  or  a  portion  of  the  omentum  (Fig.  430).  For  a  description  of  the  various 
forms  of  hernia  we  refer  to  works  on  surgery. 

Dilatation  of  the  Colon. 

This  may  be  congenital  or  acquired  and  is  sometimes  excessive.* 

WOUNDS— RUPTURES. 

Penetrating  wounds  of  the  intestine  usually  prove  rapidly  fatal,  either 
from  shock  or  from  peritonitis.  Sometimes,  however,  the  wound 
becomes  closed  by  the  formation  of  adhesions  with  the  neighboring  parts. 
Sometimes  the  wound  in  the  intestines  becomes  adherent  at  the  position 
of  the  wound  in  the  abdominal  wall,  and  an  intestinal  fistula  is  formed. 

Rupture  of  the  small  intestine  is  not  infrequently  produced  by  severe 
blows  on  the  anterior  abdominal  wall.  It  is  noticeable  that  such  blows 

may  not  produce  marks  or  ecchymoses  of  the  skin.  Such  ruptures 
usually  prove  fatal  very  soon,  but  sometimes  the  patient  lives  several 
days  and  the  edges  of  the  rupture  undergo  inflammatory  changes. 

Strictures  of  the  intestine  are  sometimes  followed  by  rupture  of  the 

dilated  intestine  at  some  point  above  the  stricture.^ 

DISTURBANCES  OF  THE  CIRCULATION— HJEMORRHAGE. 

Hyperaemia  of  the  intestine  may  be  inflammatory  in  character  or  it 
may  be  associated  with  disturbance  of  the  portal  circulation.  Under 

both  of  these  conditions  ecchymoses  may  occur.  Pigmentation  may  fol- 
low large  or  small  interstitial  hopmorrhages. 
As  a  result  of  embolism  or  thrombosis  of  the  mesenteric  vessels 

haemorrhagic  infarctions  may  occur,  sometimes  involving  a  considerable 

portion  of  the  gut.^  Haemorrhage  into  the  lumen  may  follow,  or  gangrene, 
or  inflammation.  The  latter  processes  are  readily  induced  in  the  injured 
regions  by  the  bacteria  constantly  present  in  the  intestinal  contents. 
Septic  emboli  may  induce  suppurative  inflammation  in  the  mesentery 
and  in  the  wall  of  the  intestine. 

Intestinal  haemorrhage  may  occur  in  venous  congestion,  as  in  certain 
forms  of  cirrhosis  of  the  liver.  It  may  follow  ulceration,  in  typhoid  fever, 

in  chronic  colitis,  in  malignant  tumors,  etc.;  it  may  accompany  infarction.* 

DEGENERATION. 

Amyloid  degeneration  may  be  associated  with  a  similar  process  else- 
where in  the  body.  The  iodine  test  may  reveal  the  existence  of  this 

alteration  in  the  villi  of  the  small  intestine. 

*  Sec  Fitz,  Am.  Jour.  Med.  S?i.,  vol.  c.xviii.,  p.  125,  1899,  bibl.;  abo  Griffith,  Trans.  Assn.  Am. 
Phys.,  vol.  xiv.,  p.  1,  1899. 

-  See  summary  of  caaes  by  Gallaverdin,  Gaz.  des  Hdpitaux,  Aug.  24th  and  3l8t,  1901,  bibl. 

'  For  a  further  consideration  of  thrombosis  of  the  mesenteric  veins  consult  Welch,  Allbutt's  "Sys- 
tem of  Medicine,"  vol.  vi.,  p.  218.  See  also  study  by  Jackson,  Porter,  and  Quinby,  Jour.  Am.  Med. 

Assn.,  vol.  xlii.,  p.  1469,  1904. 
*  For  reference  to  occult  haemorrhage  in  gastro-intestinal  canal  see  Jaworski  and  Koroletcicz,  foot- 

note, p.  655. 
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Inflamma' 

nfFLAHMATlOn. 

r  OF  THE  Small  Intestine.     {Enteritis.) 

Acute  Catarrhal  Enteritis. — This  may  otcur  under  conditions  similar 
to  those  inciting  catarrhal  inflammation  in  the  stomach.     It  may  be  local 
or  general  and  may  be  associated  with  similar  processes  in  the  stomach 

and  colon.     In  ptomaTn  poisoning  the  lesions  are  often  severe.     Com- 
paratively mild  forms  of  the  lesion  may  predispose  the  intestine  to  the 

incursions  of  intestinal  bacteria  and  the  development  of  more  severe 
forme  of  destructive  lesions.     The  mucosa  may  be  reddened  or  ecchy- 

mosed,    and     covered     with     mucus 
mingled  with  degenerated  epithelium 
and  leucocytes.     The  epithelium  may 
be  degenerated  and  peeled  ofT  (Fig. 
431),  and  the  cylindrical  cells  may  be 
distended  with  mucus  formed  within 

them — "beaker  cells." 
The  solitary  and  agminated 

lymph-nodules  may  be  swollen  from 
hyperplasia.  When  this  hyperplasia 
is  marked  (Fig.  432),  the  lesion  is 

often  called  Jullicular  or  nodular  en- 
teritis, and  erosions  and  ulceration 

may  occur  (Figs.  440  and  441).' 
This  lesion  is  especially  common  in 
children  suffering  from  various  types 
of  acute  infection.  For  hyperplasia 
of  the  lymphoid  tissue  of  the  intestine 
in  typhoid  fever  see  p.  235. 

Chronic  Catarrhal  Enteiltls.~Thi3 
may  follow  the  acute  form  or  occur 
indepen<lently.     It  often  accompanies 

Fia.  «i.— ActJTB  Catahrhal  ehtehitib.       many  forms  of  chronic  disease  of  the 
Showing  iJie  opoQ  end  of  one  of  the  tubuinr     heart,     kidneys,     luugs,     etc.       The 

elflDda   with   eifoJiatiDg    and    dislnlegratinE  t  t,  i 
eiiiiheiium,  mucous  membi'ane  may  be   covered 

with  mucus;  ecchymoses,  erosions, 
and  pigmentation  are  frequent.  There  is  hyperplasia  of  the  inter- 
glandular  tissue  of  the  mucosa  and  the  submucosa.  In  this  way  there 
may  be  atrophy  of  the  glands,  and  the  mucous  membrane  may  be  thin 
and  fibrous.  The  muscularis  may  also  be  involved  and  atrophied.  The 
submucosa  and  the  muscular  layer  may,  on  the  other  hand,  be  thickened 
from  the  new-formed  fibrous  tissue. 

Pseudo-membranous  Enteritis  may  occur  in  connection  with  a  similar 
condition  in  the  colon,  in  infectiou.s  diseases,  in  chronic  di.seases  of  the 
liver  and  kidney;  in  cachectic  conditions,  or  as  the  result  of  the  ingestion 
of  irritant  poisons.     The  mucous  membrane  may  be  the  seat  of  superficial 
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necroses,  sometimes  in  patc-hes,  and  the  pellicle  may  consist  largely  of 
mucus  with  necrotic  epithelium.     Fibrin  may  be  present,  and  fibrin  and 
extravasated  leucocytes  and  serous  fluid  may  infiltrate  the  submucosa. 

Exudative  or  Suppurative  Eoteiltls  is  rare.     Purulent  foci,  usually 

metastatic  in  origin,  may  form  in  the  wall  of  the  intestine.  A  more  dif- 

fuse suppuration  may  follow  infection  after  obstruction  or  strangulation.' 
Tuberculous  Enteritis. — The  lymph-nodules  and  Peyer'a  patches  are 

often  involved  in  intestinal  tuberculosis  and  often  ulcerate  (Fig.  433). 
Miliary  tubercles  may  be  present  with  cheesy  degeneration  (Fig.  434)  and 

the  subperitoneal  lymphatic  vessels  are  often  involved  and  may  appear 
as  white,  nodular,  branching,  slightly  elevated  cords,  running  around  the 
gut  (Fig.  435).  Tuberculous  ulcers  are  apt  to  extend  most  rapidly  in  a 
direction  transver.sc  to  the  axis  of  the  gut  (Fig.  436),  differing  in  this 

1  Sm  for  n  study  of  phlremonQuB  enWritH  MarCallum.  Johoii  Hopkim.  Ho»p.  Bull.,  vol.  icvii.,  p. 
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respect  from  typhoid  ulcers  {nee  p.  237).  But  to  this  there  are  fre- 
quent exceptions.  Tuberculous  uh:ers  rarely  perforate.  (See  for  other 

forma  of  tuberculosis  of  the  intestine  page  6S2.)' 
The  mesenteiic  lymph-nodeH  are  frequently  involved  in  either  active 

Fig.  4a4.— Section  itr  a  Tvi 
jbenle  liutic  with  milisry  luhpr 

or  inactive  tuberculosis  in  any  part  of  the  body.  They  may  not  show 
gross  lesions,  but  the  microscope  may  show  characteristic  lesions  or 
tubercle  bacilli.  Fref|uently,  when  neither  lesions  nor  bacilli  are  demon- 

strable, inoculation  of  guinea-pigs  shows  that  the  nodes  are  infected. 

The  mesenteric  nodes  are  frequently  infected  without  other  tuberculous 

lesions  in  the  body." 
Sjrphllitic  Ulcers,  originating  in  the  lymphatic  structures,  are  some- 

times found  in  infantile  syphilis. 

'ForstntisllctioImteXinaltuWn'uUMiiiHreZaAn.Miiiii^h.  med.  W<»h..  p.  49,  1902:  also  ATf^FUAau. 
ibid.,  pp.  1245  nnd  isno,  igtKt;  alao  Wngearr.  ibid.,  pp.  20:<S  nnd  20fiS.  1003:  aLw  /pirn,  Bcrl.  klin. 
Wofhensrhr,  p.  7B1.  1906.     For  prrarnceof  tul>ertl<>  hnoilli  in  mwenlerii  lymph -nodea  m*  MacFadi/m 
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Duodenal  Ulcers  may  be  tuberculous  or  may  follow  extensive  burns. 
In  the  latter  case  their  mode  of  origin  is  obscure.  They  may  occur  under 

a  variety  of  other  conditions.' 
Other  Fonns  of  Ulcers. — The  solitary  and  agminated  lymph-nodules 

frequently  undergo  hyperplasia,  in  infectious  diseases,  after  extensive 

burns,  in  various  forms  of  inSammation  of  the  intestine.  Hyperplasia 

of  the  lymphatic  tissue—see  p.  672 — with  ulceration  is  especially  frequent 
in  children. 

Inflammation  of  the  Large  Intestine.   (Colilis.) 

The  mucous  membrane  of  the  large  intestine  is  frequently  the  seat  of 
acute  and  chronic  inflammatory  and  necrotic  processes  known  clinically 

as  dysentery.^  The  rectum  is  most  often  involved,  but  sometimes  the 
upper  part  of  the  colon  and  sometimes  the  whole  colon  is  affected. 

Acute  Catarrhal  Colitis. — This  process  is  frequently  limited  to  the 
lower  end  of  the  colon  and  presents  several  types.  There  may  be  an 
increased  production  of  mucus,  which  coats  the  surface  of  the  mucous 
membrane  and  is  mixed  with  exfoliated  and  fatty  or  disintegrated  epithe- 

lium and  red  blood  cells.  The  surface  epithelium  may  be  degenerated 

and  exfoliate,  many  "beaker  cells"  being  present,  indicating  the  source 
of  over-production  of  mucus  (Fig.  437).  The  mucous  membrane  may 
be  congested  and  infiltrated  with  serum  and  leucocytes.  Again,  with 
conditions  similar  to  those  just  described,  there  may  be  a  purulent 
exudate  in  the  mucous  membrane.  There  is  a  form  of  catarrhal  colitis 
in  which  there  is  a  more  or  less  extensive  formation  of  new  connective 

tissue  between  the  glands  and  in  the  submucosa.  Finally,  there  may 
be  small  or  extensive  ulceration  in  the  involved  areas  of  the  mucosa. 

Acute  Infectious  Colitis  (Tropical  Dysentery)  is  of  especially  frequent 
occurrence  in  warm  countries  and  is  often  epidemic.     In  one  group  of 

'For 
a  study  of  duodena 1  ulcere leeWeir .  Medical  Rec< ird  vol  Ivii    p 1.  749.  1900,  bibl. 'Th< 

,  clMsificalion  of  1> lexe  lesi .t  kno»I«le^  t insBtisfa 
tMued  up on  morphology.     I 

pha«» 

of  so-called  dmentery— inti 
tilitB-h lature  of  tht  excitant  ii  take nt.     Consult  1 tor  a  special  9ti Jdy  of  fc 

Now  Yorl It,  Ddaftd^,  Am.  Joi ir.  Med. .  Sci„  W 1.  «siv.,  p.  401 .  1897. 
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cases  (a)  the  disease  is  probably  incited  by  protozoa — Entamceba  histo- 
lytica; while  in  the  other  (6),  bacteria,  some  apparently  related  to  the 

typhoid-colon  bacillus  group,  and  possibly  others,  are  believed  to  be  the 
excitants. 

(a)  Amccbic  Colitis. — This  form  of  colitis. is  apparently  incited  by 
the  presence  of  the  wall  in  the  intestine  of  the  Entamceba  histolytica. 

The  amcebse  are  found  in  the  gelatinous  masses  which  are  common  in 
the  stools.     They  are  of  rounded  shape,  and,  when  alive,  change  their 

position  and  shoot  out  and  retract  little  projections  ( pseud o podia). 

Their  outer  portion  is  composed  of  a  pale  hyaline  or  homogeneous  sub- 
stance; the  inner  contains  vacuoles  and  is  more  refractive  (see  Fig.  73). 

In  the  colon  the  amoeba  are  found  in  the  connective-tissue  coat  (Fig. 
438)  and  in  the  floors  of  the  ulcers. 

Amoeba  excites  at  first  a  moderate  exudative  and  productive  f.in- 
flammation  followed  by  necrosis.  Thus  ulcers  are  formed.  The  ulcers 
may  be  superficial  or  deep,  sometimes  extending  to  the  peritoneum;  they 

e  by  infiltration  and  necrosis  at  their  edges,  so  that  extensive 
ction  of  the  mucous  membrane  may  occur.  The  amoebie  may  be 
t  in  the  connective  tissue  at  the  base  or  sides  of  the  ulcers.  Not 

lently,  owing  to  bacterial  infection  from  the  intestinal  contents, 
g  degrees  of  suppurative  inflammation  may  complicate  the  lesion. 
erotic  and  suppurative  processes  may  be  set  up  in  the  liver  (see 
)  and  in  the  right  lung,  and  in  these  lesions  the  amceba  may  be 
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(b)  Acute  Infectious  Colitis  with  Bacteri  al  Excitants. — 
The  lesions  in  those  forms  of  infectious  colitis  which  are  not  associated 

with  amoeba  are  varied,  and  it  is  not  yet  possible  to  give  a  very  precise 
morphological  characterization  of  them.  In  general  it  may  be  said  that 

the  lesion  when  pronounced  is  pseudo-membranous,  exudative,  and 
necrotic,  with  or  more  less  ulceration  of  the  mucosa  and  submucoaa. 

The  earlier  bacterial  studies  of  the  various  types  of  infectious  colitis 

— dysentery — tropica!,  epidemic,  sporadic,  or  pseudo-membranous,  gave 
little  definite  data.  Many  bacteria  were  found,  most  of  them  of  species 
not  infrequently  present  in  the  normal  intestine.  In  1897,  however, 
Shiga  made  a  careful  study  of  a  series  of  cases  in  a  serious  dysentery 
epidemic  occurring  at  that  time  in  Japan.  Shiga  found  constantly  in 

these  cases  a  bacillus — Bacillus  dysenteria — not  normally  present  and 
pathogenic  for  animals,  which  gave  agglutinative  reactions  with  the  serum 

of  the  dysentery  patients.  This  bacillus  was  formerly  regarded  as  simi- 
lar to  the  typhoid  bacillus,  but  can  now  be  readily  differentiated  from  it.' 

Fia.  438 —A aa 

Two  years  later  Kruse  found  a  similar  bacillus  in  cases  of  dysentery 
occurring  in  Germany,  and  Flexner  and  Strong  have  found  one  which  they 
believe  to  be  identical  in  the  Philippines.  It  has  since  been  found  in 

numerous  instances  in  the  United  States,^ 
Considerable  doubt  has  arisen  regarding  the  significance  of  many  of 

the  later  determinations  owing  to  the  fact  that  until  recently  some  of  the 
distinctive  biological  characters  were  not  generally  known,  and  that  the 
agglutination  reactions,  if  not  carried  out  with  extreme  care,  may  lead 
the  observer  astray. 

We  cannot  enter  here  upon  the  details  of  the  various  studies  of  this 
subject.  But  it  has  been  shown  that  there  are  several  groups  of  the 
Shiga  bacillus  which  are  the  excitants  of  some  forms  at  least  of  tropical 
and  epidemic  or  sporadic  dysentery.     Whether  the  occurrence  which  has 
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been  deacribed  of  this  bacillus  or  variants  of  it,  in  other  forms  of  intestinal 
disorder,  such  as  some  types  of  infantile  diarrhcea,  is  of  significance  or 

not,  it  is  yet  too  early  to  say.' 
While  the  value  of  protective  serum  prepared  by  animal  inoculations 

Fia.  439.— Noon 

of  Shiga's  bacillus  has  been  claimed,  the  evidence  is  yet  too  meagre  to 
permit  of  final  judgment.* 

Bacillus  pyocyaneus  has  been  repeatedly  found  in  the  discharges  in 
cases  of  dysentery  as  well  as  in  other  intestinal  disorders  under  conditions 

Showing  nwrosis  and  ulceration  of  the  lymph -nodule  with  openinj  ialo  the  lumen  of  the  gut. 

which  justify  the  conjecture  that  it  is  sometimes  at  least  an  excitant  of 
intestinal  inflammation  and  necrosis.  Streptococcus  pyogenes  has  been 
repeatedly  found  in  association  with  enteritis  and  colitis.  Intestinal 
infection  with  streptococcus  is  more  frequent  and  significant  in  children 

than  in  adults.' 

1  For  a  study  ot  experimental  coUlia  see  Fltxntr  nad  Su-ftt.  Jour,  Exp.  Med.,  vol.  viii..  p.  514,  lOM. 

see  Flexner,  Phila.  .Med.  Jour., 
vol.  vi..  p 

1.414,1900; 

le  and  Wb 

saeraann's 
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Nodular  Hyperplasia. — In  many  cases  of  catarrhal  and  croupous 
inflammation  of  the  colon  and  of  acute  infections,  especially  in  children, 

the  solitary  follicles  (lymph-noduJes)  become  more  or  less  swollen  and 
necrotic.     Besides  these  cases,  however,  there  are  others  in  which  the 

changes  in  the  nodides  form  the  principal  part  of  the  lesion,  while  the 
catarrhal  or  croupous  inflammation  is  but  slightly  developed.  The 
lesion  is  similar  to  that  in  nodular  hyperplasia  in  the  small  intestine. 

The  nodules  are  first  swollen — hyperplastic — (Fig.  439),  then  necrotic. 

then  slough  away  and  leave  little  circular  ulcers  with  overhanging 
edges  (Fig.  440).  These  ulcers  are  usually  numerous  (Fig.  441)  and 
may  be  scattered  over  a  large  part  of  the  colon.  The  ulcers  are  apt  to 
show  but  little  disposition  to  heal,  and  the  acute  colitis  often  becomes 
chronic. 
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Nodular  Colitis. — In  rare  cases  of  typhoid  fever  ami  occasionally 
under  other  conditions  there  are  foci  of  inflammation  with  necrosis  and 

ulceration  irregularly  scattered  and  involving  primarily  not  the  mucous 
membrane  but  the  underlying  tissue.  These  lesions  are  not  to  be  iden- 

tified with  hyperplasia;  of  the  solitary  lymph-nodules  with  ulcerations 
which  occur  with  especial  frequency  in  children  suffering  from  acute 
infections.' 

Pseudo-membranous  (Croupous)  Colitis. — This  form  of  inflammation 
may  involve  the  rectum  alone,  or  the  entire  length  of  the  colon,  or  only 
its  upper  portion.  The  mucous  membrane  is  congested  and  swollen,  and 
coated  with  a  layer  of  false  membrane;  the  connective  tissue  between  and 
beneath  the  gland  tubules  is  infiltrated  with  fibrin  and  pus,  and  in  severe 
cases  the  inflammation  involves  the  muscular  and  peritoneal  coats  also. 
The  inflammation  is  usually  more  intense  at  some  places  than  at  others, 
BO  that  the  surface  of  the  mucous  membrane  shows  the  false  membrane 

in  isolated  patches,  (Fig,  442.)  Less  frequently  there  is  a  uniform 
coating  with  the  false  membrane.  In  mild  cases,  as  the  inflammation 
subsides,  the  products  of  inflammation  are  absorbed  and  the  wall  of  the 
intestine   returns   to   its  normal  condition.     In  more  severe  cases  the 

'  Sto  ll'Ai/iplf,  John,"  Hop.  Ho»|i.  Bull.,  vol.  xvii..  p.  2«l.  1908. 
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quantity  of  the  inflammatory  products  is  so  great  that  portions  of  the 
wall  of  the  intestine  become  necrotic.     This  necrosis  may  involve  only 
the  glandular  coat,  or  it  may  extend  deeper  into  the  wall  of  the  intestine. 
The  necrosed  tissue  after  a  time  sloughs  away,  leaving  behind  ulcers  of 
different  sizes  and  depths.     After  this 
the  ulcers  may  cicatrize,  or  their  floors 
and  walls  may  remain  in  the  condi- 

tion of  granulation  tissue  for  an  in- 
definite length  of  time.      When  the 

latter   is   the  case  there  is  added  a 
chronic  inflammation  of  the  wall  of 
the  intestine  between  the  ulcers,  with 
changes  in  the  mucous  membrane  and 
thickening    of    the   connective-tissue 
and  muscular  coats. 

Necrotic  Colitis.— There  is  a  form 
of  inflammation  of  the  colon  in  which 
considerable  areas  of  the  connective- 
tissue  coat  become  necrotic,  leaving 
the  glandular  coat  undermined  and 
separated  from  the  muscular  coat. 
In  this  way  large  ulcers  with  over- 

hanging edges  are  developed.  This 
form  of  cohtis  is  very  fatal. 

There  is  another  very  fatal  and 
obscure  form  of  necrotic  colitis  which 

appears  to  be  septic  in  character. 
After  death  the  inner  surface  of  the 
colon  is  found  studded  with  little 
blackish  areas  in  which  the  blood- 

vessels are  gorged  with  blood.  The 
glandular  and  connective-tissue  coats 
are  infiltrated  with  pus  cefls  and  there 

Is  a  superficial  necrosis  (Fig.  443).  fio.  m4.— chhonic  ulchkativk 

Various  forms  of  micro-organisms  ~  olitib—  isehtbrt. .  "  .  Inert  are  amall  enattjivi  of  the  swollen 
nave  been  found  m  connection  with  mucous  membrane. 
suppurative  and  necrotic  lesions  of  the 

ileum  and  colon — Streptococcus  pyogenes,  Staphylococcus  pyogenes. 
Bacillus  coli  communis.  Bacillus  proteus.  Bacillus  pyogenes,  and  others. 
The  significance  of  these  organisms  is  not  yet  clear.' 'Sd 

■  Kruif  1 IDdP, !f.  Zeits.  f .  Hygiene und  lufkr., Bd.  1 

tvi..  p. 

1,1894;  also  «r™, 

iJle, 

Tavel, 

nd  othe «.  Ann. 
Siia-'f 
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See. 
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Hucous  Colitis  (Uembranous  Colitis).— Under  a  variety  of  obscure 
conditions,  probably  HOmetimes  inflammatory  in  character,  shreds  or 
sheets  or  even  cylindrical  casts  of  the  interior  of  the  gut  are  passed  from 
the  bowels.  These  conaist  of  dense  mucus  often  mingled  with  degener- 

ated epithelium.' 
Ctironic  Colitis. — In  prolonged  inflammation  of  the  colon,  marked 

structural  alterations  may  take  place.  The  glandular  coat  may  be 

uniformly  thickened  or  thrown  into  the  form  of  polypoid  tumors,  or  atro- 
phied, or  destroyed  by  ulcers  of  various  sizes  and  shapes  (Figs.  444  and 

445).  Small  cysts  may  form  from  the  retention  of  mucus  in  the  follicles. 
The  connective-tissue  and  muscular  coats  may  be  thickened  or  thinned. 
Apparently  chronic  colitis  may  follow  any  of  the  forms  of  acute  colitis. 

Repair  may  follow  even  consi<lerable  losses  of  substance  in  the  intes- 
tinal mucous  membrane.  The  new-formed  connective  tissue  may  un- 
dergo slight  or  marked  cicatricial  contraction.  The  denuded  surfaces  may 

become  covered  anew  with  epithelium  derived  from  the  intact  cells. ^ 

The  Cecum. 

Catarrhal  Inflsmmation  of  the  C!£cum  is  not  uncommon.  It  is  usually 

produced  by  an  habitual  accumulation  of  fa-ces  in  this  part  of  the  intes- 
tine. The  course  of  the  inflammation  is  usually  chronic,  but  marked  by 

acute  exacerbations.  At  first  the  mucous  membrane  undergoes  the  ordi- 
nary changes  of  chronic  catarrhal  inflammation.  To  this  may  succeed  a 

slow  suppurative  inflammation  which  extends  through  the  wall  of  the 
intestine  and  gives  rise  to  ulcers  and  perforations. 

Through  these  perforations  the  fa-ees  may  pass  into  the  peritoneal 
cavity,  or  the  perforations  are  partly  closed  by  adhesions,  and  abscesses 
are  formed,  or  sinu.ses  into  the  surrounding  soft  parts. 

is  called  m™bmm,usm(m(«  or  col.(«,  rorwhkh  the  rradermaj- conauU  Bullir.  N,  Y.  Med.  Jour..  Dec 
2Sth,  1S95.  or  AktrlanJ.  Arch.  [.  VcrdauungiikmnkhcitcD.  B<l.  i.,  p.  39S,  INM. 
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Chronic  Hyperplastic  Tuberculosis  of  the  Ileo-csecal  Region  and  Other 
Parts  of  the  Intestine. — Attention  has  recently  been  called  to  a  peculiar 
form  of  tuberculous  inflammation  of  the  intestine  which  is  characterized 

by  the  extensive  formation  of  small  spheroidal-celled  and  fibrous  tissue, 
especially  in  the  submucosa  and  often  involving  the  muscular  wall  and 

the  subserous  layer.  Miliary  tubercles,  cheesy  degeneration,  and  ulcera- 
tion are  not  usually  conspicuous  features  of  the  lesion.  The  ileo-caecal 

region  is  most  often  involved,  the  rectum  less  frequently,  while  the  lesion 
is  rarely  limited  to  the  ileum.  Both  the  large  and  small  intestines  may 
be  involved  together.  The  new  tissue  may  form  a  circumscribed  annular 
thickening  of  the  wall  of  the  gut,  or  it  may  occur  as  a  distinct  tumor  or 
as  polypoid  projections  of  the  mucous  membrane.  The  intestine  in  the 
vicinity  of  the  involved  portion  may  be  enclosed  in  a  mass  of  fibrous  fat 
tissue.  Owing  to  the  thickening  of  the  wall  of  the  intestine  the  lumen 
may  be  much  narrowed  or  nearly  completely  stenosed.  On  section  of  the 
thickened  areas,  caseous  foci  may  be  revealed;  ulcerations,  in  rare  cases, 
may  be  present;  more  often  they  are  moderate  or  extensive. 

The  microscopical  examination  shows  that  while  miliary  tubercles  and 
cheesy  degeneration  are  commonly  to  be  detected,  the  new  tissue  consists 
in  the  main  of  collections  of  small  spheroidal  cells  with  more  or  less 
fibrous  stroma  and  occasionally  giant  cells,  and  of  moderately  cellular  or 
dense  fibrous  tissue.  The  polyhedral  cells  common  in  tuberculous 
inflammation  are  not  as  a  rule  conspicuous.  The  new  tissue  is  usually 
most  abundant  in  the  submucosa.  The  mucosa  may  be  similarly  thick- 

ened, usually  in  polypoid  form,  or  unchanged;  it  may  show  simple 
catarrhal  alterations  or  may  contain  miliary  tubercles  or  be  ulcerated. 
The  muscular  coat  may  be  also  infiltrated  and  much  thickened  by  the 

new-formed  cellular  and  fibrous  tissue  and  there  may  be  muscular  hyper- 
trophy. The  associated  lymph-nodes  may  be  involved.  Tubercle  bacilli 

are  present  in  the  lesions,  sometimes  in  enormous  numbers.  The  process 
appears  to  be  sometimes  primary  in  the  intestine;  sometimes  it  occurs 
with  or  follows  tuberculous  lesions  of  the  lungs.  Hyperplastic  tubercu- 

lous lesions  limited  to  the  caecum  have  frequently  been  operated  upon 

under  the  impression  that  the  process  was  cancerous.^ 

The  Rectum. 

Besides  inflammatory  changes  similar  to  those  already  described  as 
occurring  in  the  colon,  we  sometimes  find  a  suppurative  inflammation  of 
the  connective  tissue  which  surrounds  the  rectum,  either  associated  with 
lesions  of  the  mucous  membrane  or  occurring  by  itself. 

In  adults  the  lower  end  of  the  rectum  is  the  part  of  the  intestine 
which  is  the  most  frequent  seat  of  syphilitic  ulceration.  Most  of  these 
ulcers  seem  to  be  the  result  of  unnatural  coitus,  or  of  infection  from 
specific  sores  of  the  vulva;  but  some  of  them  seem  to  be  due  to  the 
softening  of  gummy  tumors.  The  gonococcus  is  an  occasional  excitant 
of  inflammation  of  the  rectum. 

•For  a  study  and  bibl.  see  Lartigau,  Jour.  Exp.  Med.,  vol.  vi.,  1901,  p.  23.  See  also  Richter, 
Ziegler's  Beitr.,  Bd.  xxxix.,  p.  199,  1906,  bibl. 
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SlrictuTvs  of  the  rectum  may  be  due  to  tumors,  to  cicatrices  following 
trauma  or  inflammation.' 

Hemorrhoids  (Piles). — Ectasias  of  the  hjemorrhoidal  veins  are  of  fre- 
quent occurrence.  They  are  most  frequent  in  adults  and  are  usually  due 

to  venous  obstruction  in  cirrhosis,  chronic  constipation,  pelvic  tumors, 
chronic  inflammation  of  the  rectum,  etc.  The  enlarged  veins  may  be 
within  or  without  the  sphincter — internal  or  external  hafmorrhoids.     The 

dilated  veins  may  have  thickened  walls  and  may  be  surrounded  by  new- 
formed  connective  tissue.  The  projecting  mass  in  external  lupmorrhoids 
may  consist  in  part  of  dilated  vessels,  in  part  of  fibrous  tissue,  and  is 
covered  by  thickened  epithelium  (Fig.  440).  Considerable  hasmorrhage 
may  take  place  from  hjemorrhoids,  and  they  may  afford  a  portal  of  entry 
of  bacteria  leading  to  local  or  general  infection. 

The  Appendix   Vermiformis. 

Inflammation — AppendlcitiB. — Inflammation   of   the   appendix   may 
present  various  phases, 

1,  The  mucous  membrane  may  be  the  seat  of  acute  catarrhal  infiamma- 
lion.  This  is  of  mild  type  and  short  duration,  with  congestion,  swelling, 
and  an  increased  production  of  mucus;  or  it  is  of  severer  type,  of  longer 
duration,  and  the  cavity  of  the  appendix  is  distended  by  mucus  and  pus. 

2.  The  entire  thickness  of  the  wall  of  the  appendix  may  be  the  seat 
of  an  acule  exudative  injlammation.  The  appendix  is  very  much  increased 

in  size,  sometimes  to  the  size  of  a  man's  finger.  (Fig.  417.)  This  increase 
in  size  is  due,  not  to  a  dilatation  of  the  cavity  of  the  appendix,  but  to  a 
thickening  of  its  walls.  The  walls  are  congested,  swollen,  infiltrated  with 
fibrin  and  pus,  the  peritoneal  coat  is  covered  with  fibrin.  There  is 
neither  necrosis  nor  perforation.     If  the  appendix  is  behind  the  etecum, 
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or  if  ailhcsions  are  formed  early,  there  is  only  a  localized  peritonitis.  If 
the  appendix  projects  freely  into  the  peritoneal  cavity  and  no  adhesions 
are  formed,  a  general  peritonitis  may  be  soon  established, 

3.  At  one  or  more  points  in  the  wall  of  the  appendix  there  is  an  exit- 
dative  infiammalion  with  necrosis.  In  this  way  small  or  large  portions  of 
the  wall  of  the  appendix  are  destroyed,  large  or  small  perforations  are 

formed,  and  the  contents  of  the  appendix  escape  into  the  abdominal  cav- 
ity. In  these  cases  the  appendix  usually  contains  a  faecal  concretion. 

Such  perforations  are  usually  followed  by  the  collection  of  pus  around 

the  appendix  (Fig.  448).  The  pus  may  extend  from  this  abscess-like 
collection  in  any  direction  and  for  long  distances,  so  that  collections  may 
be  found  deep  in  the  pelvic  cavity,  or  under  the  diaphragm,  or  abscesses 
may  form  at  other  remote  points. 

4.  The  entire  appendix  becomes  gangrenous  within  one  or  two  days, 
with  the  formation  of  an  abscess,  or  general  peritonitis.  This  is  the  most 
fatal  form  of  appendicitis. 

5.  Inflammation  of  the  appendix  may  be  secondary  to  catarrhal  or 
croupous  colitis. 

6.  In  typhoid  fever  there  may  be  changes  in  the  wall  of  the  appendix 
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of  a  character  similar  to  those  in  the  wall  of  the  small  intestine;  that 
is,  hyperplasia  of  the  lymphoid  tissue  with  necrosis  (p.  235). 

7.  There  may  be  a  tuberculous  infiammation  of  the  appendix,  with  the 
formation  of  ulcers. 

As  the  result  of  chronic  infiammation  in  the  appendix,  atrophy  of  the 
glands  and  lymphoid  tissue  with  increase  of  the  fibrous  tissue  {Fig,  449) 
and  strictures  or  obliteration  of  its  lumen  may  occur  (Fig.  450). 

Cystic  dilatation  of  the  appendix  may  he  formeit  by  obstruction  of 

loras.     Slwpttwo ecus  wu  found  in 
lUCOUS  nlBiiibfiBi*: 

s  and  fibrin  covei 

Appendix  removed  by  opcmtion  twelve  hourq  nfler  Hist  nym 
e  exui]ate.     1,  Mucous  aiembninc  of  the  uppendix;  2,  lymphat 

the  lumen.  The  cysts  thus  formed  may  be  of  considerable  size — from 
one  to  fifteen  centimetres  in  diameter  or  larger— and  contain  mucous, 

gelatinous,  or  watery  fluid  often  turbid  or  colored.' 
The  lumen  of  the  appendix  frequently  contains  concretions  of  fiscal 

material  which  have  often  been  mistaken  for  foreign  bodies.  Foreign 
bodies,  such  as  grape  and  apple  seeds,  and  various  small  objects  which 
have  been  swallowed,  sometimes,  though  rarely,  find  their  way  into  the 

appendix.'  Both  the  faecal  concretions  and  the  foreign  bodies  may  act 
as  important  predisposing  agents  of  inflammation  and  perforation  of  the 

'See  for  a  Bludy  o(  cyaW  and  Jivetliculn  of  the  appendix  Coming.  Albany  Med.  Annal*.  Dec., 
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appendix,  through  pressure,   erosion,  etc.,   of  the  mucous  membrane, 

affording  portals  of  entry  to  various  forms  of  pathogenic  niicro-organiams. 

ie  filandfl  and  fymphoid  linaiie  with  ni 

The  bacteria  most  commonly  found  associated  with  the  lesions  of  acute 
appendicitis  and  its  accompanying  peritonitis  are  Streptococcus  pyog- 
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enes.  Staphylococcus  pyogenes,  the   Bacillus  coli  communis,   Bacillus 

proteus,  and  Bacillus  pyocyaneus.     Mixed  infections  are  common.' 
A  case  of  complete  inversion  of  the  appendix  into  the  ciecum  has 

been  reported.' 

TUMORS  OF  THE  IHTESTraE.' 

Fibroma  and  lipoma  may  be  developed  from  the  submucous  coat  and 
grow  inward,  or  from  the  subserous  coat  and  project  outward  into  the 
peritonea!  cavity.  Small  mvlliple  cavernous  hmnangiomala  are  of  occa- 

sional occurrence  in  the  submucosa  of  the  small 

intestine.  These  tumors  may  be  limited  to  the 
small  intestine  or  may  be  found  throughout  the 

gastro-intestinal  canal.' 
Hyoma  may  originate  in  the  muscular  coat 

and  project  inward,  obstructing  the  intestine. 
In  the  duodenum  such   tumors   may  obstruct 

I   the  common  bile  duct.     Less  frequently  these 
;   tumors    project    outward    into    the    peritoneal 
cavity. 

Polypoid  growths,  projecting  into  the  cavity 
of  the  intestine  and  composed  of  connective 
tissue  and  covered  with  epithelium  are  frequently 
found  (Fig.  451).  They  are  associated  with 
catarrhal  inflammation  or  occur  by  themselves. 
They  are  found  throughout  the  intestinal  tract 
and  may  be  single  or  multiple.  They  grow 
from  the  submucous  coat  and  project  inward. 
Some  of  them  are  solid  connective-tissue  tumors, 
covered  by  the  mucous  membrane  which  thev 

THE  MucouB  hkubhane  Of  have  pusHcd  mward.  Others  are  of  the  same 
THE  Small  imiebtine.  character,  but  of  large  size.     In  others  the  con- 

nective tissue  is  arranged  in  branching  tufts, 
covered  with  cylindrical  epithelium;  and  in  these  last  tumors  there  may 
also  be  tubules  lined  with  cylindrical  epithelium,  giving  to  the  growth  the 
characters  of  an  adenoma. 

Lymphoma. — Growths  of  tissue  somewhat  resembling  that  of  the 
lymphatic  tissue  of  the  lymph-nodes  may  originate  in  the  solitary  and 
agminated  nodules,  and  in  the  intestinal  wall  in  cases  of  leukaemia  and 

pseudo-leukEemia  (Fig.  452). 

1  Hodenptl.  ■■ Etiolo»-o AniwndicitE. 

"N.Y 

Med.  Jour-.  Dec.  30lh 1893.    Consult  flL.oKrl„m. et 
■■PnlhoioKy  uf  (h Vcrmiforai  Appondui/ t  Path,  iind   Bnct..  \-ol. 
p.  160.  1S95  (bibl xxii.p.  06.  1K93.     For m-teriul  reuorta  sec  Low,  R 
Boston  Cily  Hoap ,Ser.n, 1900.  p.  173; IsoZ* I  anii  Tavrt.  Rev.  de  Chir,  t.  ii..  1904:  also  Perro 
Ana.  ID^L  Pu>(«i. 

'  Sec  Breiuer. 

Fore omprehen»ive  treatise ee  KeUu  aad  Hurdon  od be 

Am.  Med. vol.  ix..  p.  87 1905, 
■  For  B  study of  «ma™ the  in ratines  eooeult  H utter Ziegler'e  Beilnlcc  itir  pa h 

Anat.  Bd.  xix..  p 
r,  Virch. Arch.,  Bd.  c-l p.  171,  1906:  nlso  Jtfo cC^llum.  Johns  Hopk.  Hoi 

Bun.,  vol.  x™..  |> 258,  1909 
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Similar  growths  are  found  as  independent  lesions  both  In  the  large 
and  small  intestines,     These  are  irregular,  diffuse  growths  infiltrating 

the  wall  of  the  intestine,  the  mesentery,  and  the  neighboring  lymph- 
nodules,  and  may  reach  a  considerable  size.  They  often  ulcerate  inter- 

nally and  may  lead  to  tlilatatlon  or  stenosis  of  the  intestine.     The  classi- 

fication of  MiK-h  tumors  is  difficult  and  it  is  often  doubtful  whether  they 
should  be  grouped  with  the  sarcoma  or  the  so-called  lymphoma. 
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Saicomata  are  of  ot-casionai  occurrence  in  the  intestine.  They  appear 
to  be  more  frequent  in  the  aniall  intestine  and  in  the  rectum  than  in  the 

large  intestine.  While  various  structural  types  are  recorded,  the  so- 

called  lympho-sarcomata  are  most  common.' 
Adenomata  are  found  in  the  duodenum,  colon,  and  rectum.  They 

form  flat  infiltrations  of  the  wall 

of  the  intestine  (Fig.  453)  or  pro- 
ject inward  as  polypoid  tumors. 

They  are  composed  of  tubular  fol- 
licles, like  those  of  the  intestinal 

mucous  membrane,  and  of  a  con- 
nective-tissue stroma.  In  some  of 

these  tumors  the  tulniles  have  a 

regular  shape  and  arrangement; 
there  is  no  infiltration  of  surround- 

ing tissue;  the  tumor  is  of  benign 
nature.  In  other  tumors  the 

tubules  are  irregular  in  shape  and 

arrangement,  and  the  growth  infil- 
trates the  surrounding  parts  (Fig. 

454}.  There  is  no  sharp  <lividing 
line    between    these    tumors    and 

FlO.  454.— AuKNOllAOrTHE  Re(tim.  ,, 

Th«  growth  h,«.  «,™,tai  though  ,h.  ™,„.      the  carcmomata. nilaris  ihucmip  [nto  the  HuhmucoM.  CaTCinOnUl  (levelops  mOSt  often 

in  the  colon  and  the  duodenum.' 
The  forms  which  have  been  described  in  the  stomach  occur  also  here,  i.e.: 
I.  The  medullary  Jornis  with  relatively  little  stroma,  and  epithelial  cells 
either  in  solid  masses  within  the  alveoli,  or  maintaining  in  a  measure  the 

gland  type — adeno-carcinoma.  2.  Fibrous  Jorm — seirrhuif.  3.  (lelatinotis 
Jorms.  which  are  more  common  here  than  in  the  stomach.  Kpithelionia 
often  involves  the  anus  and  rectum. 

Cyst,^  of  THE  INTESTINE  are  uncommon.' 
TuMoiLs  OF  THE  APPENDIX  are  rare — fibroma,  lipoma,  myoma,  sar- 

coma, endothelioma,  and  carcinoma  are  recorded.'  Several  cases  of  pri- 
mary carcinoma  of  the  appendix  have  been  observed." 

INTESTINAL  CONCRETIONS.     (Enterolitfas.) 

The  intestines  may  contain  round,  oval,  or  irregular  masses  of  firm 

consistence,  usually  small,  but  sometimes  as  large  as  a  man 's  fist.  They 
consist  of  fiEcal  matter,  mucus,  bile,  the  carbonate  and  phosphate  of 

e  Libn wn.Am.  Jour.  .Med.  Scienws. 
<l.  MX.,  p.  309,  1900.     For  bibliograiihy  o(  anrcoinn  of  Ibtip  inl 

extinc 

«K  yop««  and  Wtiilt.  ibid.. 
<l.  cxxli.,  p.  S07.     Par  ■  riiumf  with  bibliography  of  mcLuuo-!. 1  of  the  reetum  see  ICVn^r. 
filer's  BFitrWc,  Bd.  xxv..  p.  :t22.  lS9fl. 

'  See  KoHdon,  Lunnt.  vol.  i.,  p.  1121.  1»1. 
>  See  Auf.  Am.  Jour.  .Med.  Sci..  vol.  ciixi..  p.  S9.  1906. 
1  For  hibliojmphy  of  tumon  of  the  appendix  s«  Kellv.  Proc ,  Path, Soe.  uf  Phito..  N.  S..  vol.  iii., 

100.  1900. 

,.  vol. Ixii-.  p.  3SB.  1902.     Mo»t>,- 
mil,  Ann.  of  'surmry.'  June.'  IWlli,  bibl.     Nirri,.  Bull.  fniv.  Pe 

xvL.  I90;i.  p.  334.     BaMauf. 
bany  Me<i-  Annals,  Dec.,  IMS.     McWmiam,,  iled.  md  Sum.  Re| 

p.,  Pre
' 

sbyl.Hosp.  N.Y.,  viii.,  1908. 
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lime,  and  triple  phosphate.  They  may  induce  inflammations,  ulceration, 

and  perforation.  Small  brown  concretions — intestinal  sand — may  be 
found. 

PARASITES. 

Anthrax  Infection  of  the  Intestine  (Mycosis  Intestinalis) . — The  anthrax 
bacillus  may  lodge  in  the  intestinal  mucosa  either  through  food  contain- 

ing the  germ  or  by  metastasis  through  the  blood  from  some  infective 
focus,  especially  the  skin. 

The  intestinal  lesions  are  most  apt  to  occur  in  the  small  intestines  and 
in  the  upper  part  of  the  colon.  The  mucous  membrane  is  studded  with 
larger  and  smaller  brown  or  black,  frequently  elevated  patches,  or  areas 
of  local  congestion,  or  haemorrhage,  or  necrosis.  The  mucous  membrane 

near  the  inflammatory  and  necrotic  foci  may  be  cedematous.  Hyper- 
plasia of  the  spleen  and  lymph-nodes  is  apt  to  accompany  the  intestinal 

anthrax.  The  anthrax  bacillus  may  be  found  about  the  seat  of  local 

lesion  in  the  intestine,  in  the  associated  lymph-nodes;  and  when  secondary 
to  local  infection  elsewhere  it  may  be  found  in  the  primary  lesion  and  in 
the  blood. 

It  is  believed  that  other  forms  of  bacteria  may  cause  intestinal  lesions 
somewhat  similar  to  those  of  anthrax,  but  the  researches  in  this  direction 

are  not  yet  sufficiently  numerous  to  permit  of  very  definite  statements.* 

ACTINOMYCOSIS  OF  THE  INTESTINE. 

Actinomycosis  involving  the  intestine  is  rare,  but  is  most  often  found 
in  the  csecal  region.  Several  cases  of  primary  actinomycosis  of  the 

appendix  are  recorded.^ 
The  animal  parasites  of  the  gastro-intestinal  canal  have  been  already 

considered  in  another  part  of  this  book. 

The  Peritoneum. 

Malformations. 

Arrest  in  development  of  the  peritoneum  may  be  manifested  in  fissures  in  the 
mesial  line  or  external  to  it;  in  absence  of  the  diaphragm;  in  fusion  with  the  pleura; 
and  in  incomplete  formation  of  the  mesentery,  the  omentum,  and  the  other  folds  of  the 
peritoneum. 

Excess  of  development  occurs  in  the  shape  of  unusual  length  of  the  mesentery,  the 
omentum,  and  the  other  folds  of  the  peritoneum;  or  of  supernumerary  folds  and 
pouches.  These  are  chiefly  found  in  the  hypogastric,  iliac,  and  inguinal  regions  and 
near  the  fundus  of  the  bladder.  There  may  be  access  to  these  sacs  by  a  well-defined 
fissure  or  ring,  which  is  frequently  surrounded  by  a  tendinous  band  lying  in  the  dupli- 
cature.     These  may  give  rise  to  internal  incarceration  of  the  intestines. 

The  left  half  of  the  diaphragm  may  have  an  abnormally  high  position  with  up- 
ward displacement  of  the  abdominal  viscera,  particularly  the  stomach,  on  the  left 

^  For  reference  to  intestinal  bacteria  see  pp.  214  and  681. 
2  For  bibl.  see  Bumham,  Johns  Hop.  Hosp.  Bull.,  vol.  xv.,  p.  136,  1904. 



692  THE    DIGESTIVE    SYSTEM 

side,  and  displacement  of  the  heart  to  the  right.     This  has  been  called  eventration  of 

the  diaphragm.     It  may  be  mistaken  in  diagnosis  for  diaphragmatic  hernia.* 

HiEMORRHAGE. 

Large  haemorrhage  into  the  peritoneal  cavity  may  result  from  injuries 
to  the  abdominal  viscera,  ruptured  aneurism,  etc.  Punctate  haemorrhages 
may  accompany  various  acute  infections  and  toxaemias.  Haemorrhage 
may  occur  in  acute  localized  or  general  peritonitis,  in  obstruction  of  the 
portal  circulation,  in  thrombosis  and  in  embolism  of  the  mesenteric 
vessels. 

ASCITES. 

The  collection  of  transudate  in  the  peritoneal  cavity  may  accompany 

chronic  venous  congestion,  especially  with  obstruction  of  the  portal  cir- 
culation in  cirrhosis  from  thrombi,  emboli,  etc.,  or  with  chronic  heart 

and  kidney  diseases.  It  often  accompanies  similar  conditions  in  the 
pleura  and  pericardium.     It  may  accompany  chronic  peritonitis. 

Chylous  ascites  may  result  from  a  rupture  of  the  thoracic  duct  or 
from  a  transudation  from  the  chvle  vessels.^ 

Chyliform  Ascites. — Most  frequently  in  abdominal  carcinoma  and 
tuberculosis,  but  also  in  other  forms  of  chronic  peritonitis  with  serous 
exudate,  the  peritoneal  cavity  may  contain  fluid,  milky  from  cell  detritus 
and  fat  derived  from  the  disintegration  of  degenerated  mesothelial  and 
other  cells.     This  condition  is  called  chyliform  ascites, 

INFLAMMATION.     (Peritonitis.) 

Acute  Peritonitis. — Acute  inflammation  of  the  peritoneum  may  occur 
as  a  primary  process,  but  is  much  more  often  secondary.  In  the  latter 
case  it  may  be  associated  with  wounds  and  contusions  of  the  wall  of  the 
abdomen;  wounds,  ulcers,  new  growths,  incarcerations,  intussusceptions, 
ruptures,  perforations,  and  inflammations  of  the  stomach  and  intestines; 
inflammation  of  the  vermiform  appendix;  injuries,  ruptures,  and  inflam- 

mations of  the  uterus,  ovaries,  and  Fallopian  tubes;  rupture  and  inflam- 
mation of  the  bladder;  inflammation  of  and  about  the  kidneys;  abscesses 

and  hydatid  cysts  of  the  liver;  inflammation  of  the  gall-bladder  and 
large  bile  ducts;  thrombosis  of  the  portal  vein;  inflammations  of  the 
spleen,  pancreas,  lymphatic  glands,  retroperitoneal  connective  tissue, 
vertebra?,  ribs,  and  pelvic  bones;  pyaemia  and  other  infectious  diseases. 
The  inflammation  is  at  first  either  local  or  general.  A  local  peritonitis 
may  remain  circumscribed,  or  it  may  spread  and  become  general. 

We  may  distinguish  two  anatomical  forms  of  acute  peritonitis. 

1.  Cellular  Peritonitis. — This  form  of  peritonitis  may  be  induced 
by  any  irritant  which  does  not  act  too  energetically.     It  can  be  excited 

*  See  Sailer  and  Rhrin,  Amer.  Jour.  Med.  Sci..  cxxix.,  p.  688,  1905. 
*For  a  study  of  milky  fluids  in  serous  cavities  consult  Sfuiu\  Jour.  Path,  and  Bact.,  vol.  vi.,  p. 

339.  1900,  bibl. 
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in  dogs  by  intraperitoneal  injections  of  very  small  quantities  of  a  solution 
of  chloride  of  zinc.  In  the  human  subject  we  find  it  with  perityphlitis, 
with  circumscribed  abscesses  in  the  peritoneal  cavity,  in  puerperal  fever, 
and  in  other  infectious  diseases  with  early  death. 

At  the  autopsy  the  entire  peritoneum  may  be  congested;  but  there 
are  no  exudates  and  no  other  lesions  visible  to  the  naked  eye.  Minute 
examination,  however,  shows  a  very  marked  change  in  the  mcsothelial 
(endothelial)  cells.  These  are  increased  in  size  and  number  and  the 
new  cells  coat  the  surface  of  the  peritoneum  and  project  outward  in  little 
masses  (Fig.  455).     This  form  of  inflammation,  in  many  cases,  at  least  if 

life  be  prolonged,  passes  into  the  exudative  phase,  next  to  be  considered. 
2.  Exudative  Peritonitis. — This,  which  is  the  common  form  of 

acute  peritonitis,  presents  lesions  similar  to  those  which  have  been  already 
described  in  pleuritis  and  pericarditis.  Thus  there  is  a  form  in  which 
fibrin  is  the  chief  exudate  with  but  little  serum;  or  the  exudate  is  sero- 

fibrinous, or  purulent,  or  hemorrhagic'  When  fibrin  is  present,  the 
intestinal  coils  may  be  more  or  less  firmly  adherent  to  the  abdominal 

I  For  B  itudy  of  the  (onns  of  cells  in  eiudntive  peritonitB  »«  i*»m.  Deut.  Areh.  klLn.  Med..  Bd. 
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walls  or  to  each  other.     If  putrefactive  bacteria  be  present,  as  in  perit- 
onitis from  perforation  of  the  intestine,  the  exudate  may  be  foul. 

In  local  inflammation  of  the  peritoneum  the  position  may  be  indicated 

by  the  name,  thus  perihepatitis,  perisplenitis,  perityphlitis,  pelvic,  sub- 
phrenic, etc. 

Acute  exudative  peritonitis  may  terminate  in  recovery  with  absorp- 
tion of  the  exudate,  permanent  connective-tissue  adhesions  and  thicken- 
ings of  the  peritoneum  often  remaining.  Chronic  peritonitis  may  follow 

the  acute  phase. 
Bacteria  are  the  usual  excitants  of  acute  exudative  peritonitis.  In 

primary  forms  of  peritonitis  the  Streptococcus  and  Staphylococcus  pyo- 
genes are  the  bacteria  most  frequently  present. 

In  secondary  exudative  peritonitis  the  pyogenic  cocci  and  the  colon 
bacillus  have  been  most  frequently  found.  Of  the  other  bacteria  which 
have  been  found  in  the  exudate  we  may  name  the  pneumococcus,  the 

gonococcus,^  B.  pyocyaneus,  B.  proteus,  B.  aerogenes  capsulatus,  B. 
typhosus. 

There  is  abundant  evidence  that  bacteria  can  pass  from  the  intes- 
tinal cavity  through  its  wall  into  the  peritoneum  without  perforation, 

especially  in  regions  where  the  integrity  of  the  tissues  is  impaired  by 
disturbances  in  circulation  and  nutrition,  or  in  necrosis,  as  in  strangula- 

tion of  the  gut.^ 
Absorption  from  the  Peritoneum. — In  connection  with  inflammation,  recent 

studies  which  have  been  made  of  the  absorption  of  aHen  substances  injected  into  the 
peritoneal  cavities  of  animals,  especially  rabbits  and  guinea-pigs,  are  of  extreme  in- 

terest and  importance.  Living  bacteria  as  well  as  various  kinds  of  inert  particles  may 
be  rapidly  disposed  of  through  the  action  of  the  body  fluids  or  phagocytic  cells.  The 

studies  of  Buxton  and  Torrey'  indicate  that  after  an  intraperitoneal  injection  of  sus- 
pensions of  inert  particles  there  may  be  an  immediate  rush  of  these  to  the  lymphatics 

of  the  diaphragm,  whence  they  are  carried  almost  immediately  by  the  anterior  medias- 
tinal lymph-trunks  through  the  lymph-nodes  to  the  thoracic  duct  and  general  circula- 

tion. In  the  earlier  stages  the  transported  particles  may  be  free,  but  later  may  be 
taken  up  by  phagocytes  in  the  mediastinal  lymph-nodes.  But  the  omentum  appears 
to  be  of  significance  in  the  disposal  of  inert  particles  injected  into  the  peritoneal  cavity. 
Buxton  and  Torrey  show  that  almost  immediately  after  the  injection  of  such  particles 
in  the  guinea-pig,  fibrin  is  formed  on  the  surface  of  the  omentum  in  which  the  parti- 

cles and  phagocytic  cells  become  entangled.  The  phagocytes  taking  up  the  particles 
may  then  enter  the  tissues.  These  observers  have  furthermore  shown  that  after  intra- 

peritoneal injections  of  typhoid  bacilli  in  the  rabbit,  the  bacilli  may  become  fixed  upon 

the  surface  of  the  omentum  where  they  may  be  destroyed.^ 

Chronic  Peritonitis  may  follow  the  acute  exudative  form  or  may  occur 
independently.     The  lesions  vary.     In  one  group  of  cases  the  peritoneum 

1   See  Gushing  on  Ronococcus  peritonitis,  Johns  Hopkins  Hosp.  Bull.,  vol.  x.,  p.  75,  1899. 
'  Consult  forstudiea  and  bibliography  of  various  phases  of  peritonitis  Tavel  and  Lam^  ** Peritonitis," 

Mitth.  a  kl.  u.  med.  Inst.  d.  Schweiz,  1  Reihe.  Heft  1.  p.  1,  1893;  Silberscfimidi,  ibid..  Heft  5,  p.  432; 
Flexner,  Phila.  Med.  Jour.,  November  12th,  1898;  Ctdlen,  Johns  Hopkins  Hoap.  Rep.,  vol.  iv.,  p.  411, 

1895;  Abramow,  Ziegler's  Beitr.,  Bd.  xxiii..  p.  1,  1898;  Butlner,  ibid.,  Bd.  xxv.,  p.  453,  1899. 
For  special  studies  on  the  entrance  of  micro-organisms  into  the  body  from  the  gastro-intestinal 

canal  see  Opitz,  Zeits.  f.  Hygiene.  Bd.  xxix.,  p.  505,  1898;  Birch- Hirschf eld,  Ziegler's  Beitr.,  Bd.  xxiv., 
p.  304,  1898;  Bucfibinder,  Deut.  Zeits.  f.  Chir.,  Bd.  Iv.,  H.  6  and  7,  1900;  Marcus,  Zeits.  f.  Hcilk.,  Bd. 
XX.,  p.  427,  1899;  also  Wiener  klin.  Woch.,  p.  11,  1901;  Rarenel,  Jour.  Med.  Res.,  vol.  x.,  1903,  p.  460. 

^  Buxton  and  Torrey,  Jour.  Med.  Ke^.,  vol.  xv.,  p.  5,  1906. 
*  For  a  study  of  the  local  accumulation  of  ea<iinophile  leucocytes  after  intraperitoneal  injections 

of  bacteria  see  Opie,  Trans.  .\ssn.  Amer.  Phys.,  vol.  xix.,  p.  136,  1904. 
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is  beset  with  minute  translucent  nodules,  sometimes  visible,  sometimes 
invisible  to  the  naked  eye.  These  are  apparently  formed  by  a  local 

proliferation  of  the  mesothelial  and  connective-tissue  cells.  Associated 
with  this  there  may  be  a  general  irregular  proliferation  of  the  peritoneal 
mesothelium.     This  has  been  called  chronic  cellular  peritonitis. 

In  other  cases  there  are  local  or  {general  fibrous  adhesions,  sometimes 

firm,  sometimes  loose,  between  the  intestinal  coils  or  between  the  intes- 
tine and  the  abdominal  wall  or  the  viscera  (Fig.  456).  In  this  way 

sacculated  collections  of  sero-fibrinous  or  purulent  exudate  may  formjn 

bnncls  iifisi  from  the  liver  to  the  inlesline.  /.     The  gBlL-blH.lder,  0'.  B..  ia  distenJecl. 

the  abdominal  cavity.  Finally  chronic  peritonitis  may  result  in  a  dense 
fibrous  thickening  of  the  peritoneum,  either  local  or  widespread. 

In  some  cases  the  parietal  peritoneum  is  principally  involved;  in 
others  the  peritoneum  of  the  stomach,  intestines,  liver,  and  spleen.  The 
thickening  of  the  capsule  of  the  liver  may  be  attended  with  a  diminution 
in  the  size  of  that  viscus.  There  may  or  may  not  be  adhesions;  serous 
or  other  exudate  may  be  present.  Great  distortion  of  the  omentum, 
mesentery,  and  other  abdominal  viscera  may  occur. 

Tuberculous  Perltoaitis  may  occur  in  acute  general  miliary  tuberculo- 
sis or  it  may  be  secondary  to  tuberculous  inflammation  elsewhere,  as  in 

the  lungs  or  gen i to-urinary  organs  or  intestines;  or  it  may  be  an  inde- 
pendent process.     The  process  may  be  local  or  general  in  the  peritoneum 
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The  lesions  may  be  miiJary  in  character  (Fig.  457)  or  there  may  be  large 
foci  of  the  new-formed  tubercle  tissues  with  considerable  necrosis.  There 

may  be  more  or  less  serous  or  sero-fibrinous  or  purulent  or  haemorrhagic 
exudate.  Fibrous  adhesions  may  form  between  the  intestinal  coils  and 

the  peritoneal  walls  with  the  encapsulation  of  exudate.  Ulceration  of  the 
tubercle  tissue  may  occur,  or  it  may  become  dense  and  fibrous  and  is  then 

often  pigmented.  The  tuberculous  inflammation  may  be  limited  to  the 

vicinity  of  tuberculous  ulcers  of  the  intestine.  It  may  involve  the  omen- 
tum, which  is  converted  into  a  hard,  thick,  dense  mass  at  the  upper  part 

of  the  abdominal  cavity.' 

Fibromata  are  developed  from  the  subperitoneal  connective  tissue  and 
project  inward  into  the  peritoneal  cavity.  They  are  found  beneath  the 
parietal  peritoneum  and  that  covering  the  intestines.  Such  tumors  may 
reach  a  very  considerable  size.  Papillary  fibromata  of  the  peritoneum 
(Fig.  458)  may  be  secondary  to  papillary  fibroma  of  the  ovary. 

Lipomats. — Circumscribed  tumors  composetl  of  fat  tissue  are  formed 
beneath  the  intestinal  and  parietal  peritoneum  and  in  the  mesentery. 
These  tumors  may  become  changed  into  fibrous  tissue  or  calcified.  Their 
pedicles  may  become  atrophied  so  that  they  are  left  free  in  the  peritoneal 
cavity. 

When  they  grow  beneath  the  parietal  peritoneum  they  may  form  fat 
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hernise.  At  the  umbilicus,  in  the  inguinal  canal,  along  the  vas  deferens, 
in  the  crural  ring,  and  in  the  obturator  foramen,  fatty  tumors  may  grow, 

project  outward  under  the  skin  like  hernia,  and,  by  drawing  the  perit- 
oneum after  them  into  a  pouch,  may  open  the  way  for  a  future  intestinal 

hernia.  Very  large  retroperitoneal  and  perirenal  lipomata  are  of  occa- 
sional occurrence.'  VLyxoma,  chondroma,  osteoma,  and  angioma  are 

recorded. 

Retroperitoneal  sarcomata  are  found  both  in  children  and  adults. 
They  usually  originate  behind  the  peritoneum,  covering  the  posterior 

n  FiK.  505).     Detarbed  pi 

part  of  the  abdominal  wall,  and  may  grow  between  the  folds  of  the 

mesentery.^ 
They  may  be  of  the  small  spheroidal-celled  type  (lympho-sarcoma)  or 

of  the  fusiform-celled  type.  They  are  often  very  vascular.  At  first 
they  grow  slowly  inward,  pushing  forward  the  peritoneum  and  abdominal 
viscera.  After  a  time  they  assume  a  more  noxious  character,  infiltrating 
the  soft  parts  with  which  they  come  in  contact,  and  forming  metastatic 

'  Fnr  bibliography  of  such  tumois  lee  Aiiami.  Montreal  Med.  Jour.,  vol.  xxy.,  pp.  S2B.  020.  189'. 

■nlo  the  abdomen  ur  biu^teria,  diuC,  imd  tumor  eelb  see  TradelBD,  Munch,  med,  Woch..  p.  tS37.  1904. 
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tumors  in  the  omentum,  mesentery,  intetitinai  wall,  liver,  lungs,  and  in 

other  viscera.' 
Endothellomata  similar  in  structure  to  those  originating  in  the  pleura 

are  of  occasional  occurrence  in  the  peritoneum.     They  may  form  single 

well-ilcfined  tumoi's  or  flattened  masses  in  the  thickened  peritoneum, 
Cuboifial  or  polyhedral  cell  masses  often  grouped  along  the  side  of  ftoas- 

sr  bibliocTiiphy  Slrrlr.  .\ni.  Jou 

..  N17,  1WI6. 
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tomosing  channels  in  the  new-formed  or  old  connective-tissue  stroma 
sometimes  lend  a  glandular  appearance  to  the  type  of  growth. 

These  tumors  apparently  originate  in  the  true  endothelium  of  the 

subperitoneal  lymph-channels  and  not  in  the  flat  cells  often  called  endo- 
thelial— mesothelium — lining  the  peritoneum. 

Carcinoma  of  the  peritoneum  is  usually  secondary  to  this  disease  in 
adjacent  regions,  stomach,  liver,  uterus,  etc.  Its  structural  characters 
correspond  with  those  of  the  primary  growth.  It  is  apt  to  appear  in 
the  form  of  numerous  larger  and  smaller  whitish  nodules,  sometimes 
local,  sometimes  widely  disseminated  over  the  peritoneal  surfaces.  Such 
tumors,  when  small  and  numerous,  may  readily  be  mistaken  for  tubercles. 

Gelatinous  carcinoma  is  not  infrequent  and  sometimes  seems  to  be 
primary  in  the  peritoneum.  But  in  such  cases  the  possibility  of  an  origin 
in  the  mucous  membrane  of  the  colon,  in  which  such  growths  are  com- 

mon, and  the  extension  outward  without  evidence  of  growth  in  the  gut, 
is  always  to  be  considered.  Gelatinous  cancer  often  forms  large  masses, 
which  widely  involve  the  peritoneum  and  distend  the  cavity. 

Various  forms  of  tumors  of  the  umbilicus  have  been  described.^ 

CYSTS. 

Cysts  oj  the  mesentery  are  of  occasional  occurrence.^  They  may  be 
filled  with  chyle,  with  blood,  or  with  serous  fluid,  or  may  be  due  to  the 
echinococcus. 

Multiple  cysts  oJ  the  omentum  may  form  by  transplantation  of  papillary 

cyst-adenomata  from  the  ovary  (see  Fig.  459).' 
Dermoid  cysts  may  be  found  in  the  peritoneal  cavity.  Retroperitoneal 

cysts  have  been  a  few  times  recorded. 

PARASITES. 

Echinococci  can  be  formed  in  their  regular  way  at  any  part  of  the 
visceral  and  parietal  peritoneum,  or  be  free  in  the  peritoneal  cavity. 
These  cysts  may  be  small,  or  so  large  as  nearly  to  fill  the  abdominal 
cavity. 

Cysticercus  cellulosfle  may  also  be  developed  in  the  subperitoneal 
connective  tissue. 

The  Salivary  Glands — ^The  Parotid,  Submaxillary,  and  Sublingual. 

INFLAMMATION. 

Acute  Parotitis,  occurring  as  an  epidemic  disease  known  as  mumps, 
is  usually  confined  to  the  parotid  gland  of  one  side;  the  submaxillary  and 
sublingual  may  be  at  the  same  time  involved.     The  gland  is  swollen  and 

*  See  Giannettamo,  Arch.  g6n.  de  M^<1.,  t.  iii,,  p.  52,  1900. 
2  For  bibliography  of  cysts  of  the  mesenterj-  see  Dowd,  Annals  of  SurRcry,  vol.  xxxii.,  p.  461,  1900; 

also  Ayer,  Am.  Jour,  Med.  Sci,,  vol,  cxxxi.,  p.  89,  1906. 

'  For  bibliography  of  cysts  of  the  omentum  seeJacobi,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.* 232, 1901. 
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there  is  often  crdema  of  the  mucous  membrane  of  the  mouth  and  pharynx. 
Very  little  is  known  of  the  minute  changes  which  the  gland  undergoes  in 
this  disease. 

Suppurative  Parotitis  may  occur  as  a  secondary  lesion  in  many 
diseases,  typhoid  and  scarlet  fever,  pyaemia,  pneumonia,  etc.,  and  by 
bacterial  invasion  or  extension  of  inflammation  from  the  mouth.  Under 

these  conditions  the  process  is  usually  suppurative  and  frequently  results 
in  abscess  or  sloughing.  The  interstitial  tissue  of  the  gland  is  more  or 
less  densely  infiltrated  with  pus  cells,  and  the  parenchyma  cells  may 
undergo  fatty  degeneration  and  disintegration.  The  inflammation  may 
be  confined  to  the  gland  or  it  may  spread  to  adjacent  parts,  sometimes 
causing  much  destruction  of  tissue,  and  may  give  rise  to  inflammation  of 
the  brain  or  of  the  inner  ear,  or  even  to  metastatic  pyaemic  abscesses  in 
different  parts  of  the  body.  Healing  may  occur,  with  formation  of 
salivary  fistulse. 

The  submaxillary  gland  may  be  involved  with  the  parotid  in  the 
suppurative  inflammation.  Acute  suppurative  inflammation  of  the 
connective  tissue  about  the  submaxillary  gland  is  sometimes  of  serious 
import.  Sloughing  and  gangrene  may  occur  and  are  apt  to  spread  to 
adjacent  parts.  Septicaemia,  oedema  of  the  glottis,  or  pneumonia  may 
complicate  the  process  and  cause  death. 

The  sublingual  gland  is  not  often  the  seat  of  inflammation. 
Chronic  inflammation,  leading  to  the  formation  of  dense  interstitial 

tissue,  sometimes  occurs  in  the  salivary  glands.  This  may  occur  by 
itself  or  follow  an  acute  inflammation.  Tuberculous  inflammation  of  the 

parotid  is  not  infrequent.' 
The  excretory  ducts  of  the  salivary  glands  may  become  inflamed  from 

the  presence  of  foreign  bodies  or  of  concretions  formed  in  them.  They 
may  become  occluded  from  the  presence  of  calculi  or  as  the  result  of 
inflammation,  and  may  thus  become  widely  dilated  both  in  the  main 

branches  and  in  the  finer  ramifications.  The  dilatation  of  Wharton's 
duct  to  form  larger  and  smaller  cysts  containing  salivary  fluid  sometimes 
gives  rise  to  very  large  and  troublesome  tumors  which  constitute  one  of 

the  forms  of  ranula.^ 

TUMORS  OF  THE  SALIVARY  GLANDS. 

Fibromata  are  of  occasional  occurrence  in  the  parotid.  Chondromata, 
endotheliomata,  sarcomata  and  fibro -sarcomata,  and  myxomata,  or  more 
frequently  mixed  tumors  formed  of  various  combinations  of  these,  are  of 
frequent  occurrence  in  the  parotid  and  of  occasional  occurrence  in  the 
submaxillary  gland.  These  complex  or  mixed  tumors  are  of  more 
frequent  occurrence  in  these  glands  than  in  any  other  part  of  the  body, 
except  possibly  the  ovary.  They  are  sometimes  rendered  still  more 
complicated  in  structure  by  the  formation  of  cysts,  and  what  has  been 

1  Consult  Meslay  and  Parent,  Ga«.  dea  H6pitaux,  Feb.  11th,  1899,  bibl.;  also  Wood,  Bull.  Univ. 
Penna..  vol.  xvi.,  1903,  p.  368. 

'  For  bibliography  of  lesions  of  the  salivary  glands  see  Tftorel,  Lubarsch  and  Ostertag's 
"Ergebniase."  Jahrg.  v   for  1898  p  221. 
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regarded  usually  as  an.  atypical  glandular  growth,  tending  them  an  ade- 
nomatous character  (Fig.  460).  Earlier  studies  upon  the  mixed  tumors 

of  the  salivary  glands  led  to  the  belief  that  a  large  part  of  these  complex 
growths  are  endotheliomata,  especially  prone  in  these  regions  to  undergo 

secondary  degenerative  or  metaplastic  changes.'  The  mixed  parotid 
tumors  differ  in  many  respects  from  those  elsewhere  in  the  body  and  in 
ways  which  suggest  an  origin  in  congenital  malformations.     More  recent 

studies  indicate  that  many  cell  forms  formerly  interpreted  as  endothelial 

are  epithelial.'  The  present  view  is  that  these  complex  tumors  of  the 
parotid  and  other  salivary  glands  are  probably  largely  of  epithelial 
origin,  starting  in  congenital  abnormalities  about  the  branchial  arches. 

Flbro-sarcoma  and  melano-sarcoma  have  been  described. 

A  case  of  rhabdomyoma  of  the  parotid  gland,  with  evidences  of  atypi- 

cal development  of  portions  of  the  gland,  has  been  described.'  Primary 
carcinoma  of  these  glands  is  rare. 

The  Pancreas. 

Ualfoimatioiis  and  Displacements. 

The  pancreas  may  be  entirely  absent  in  acephalous  and  double  monMters.  The 
pancrpatic  duct  may  be  iJouble;  it  may  open  into  the  ctuodonum  at  some  distance  from 
the  biliary  duct,  or  into  the  stomach.  The  head  of  the  pancreas  may  be  unduly 
developed  and  sometimes  even  completely  separated  from  the  rest  of  the  organ, 
opening  jnto  the  duodenum  with  a  duct  of  ita  own.  The  f;land  may  be  variously  lohed 
and  distorted.  Occasionally  there  is  a  small  accessory  pancreas  situated  beneath  the 
serosa  of  the  duodenum  or  stomach. 

The  pancreas  is  so  firmly  l>ound  down  that  its  position  is  not  often  changed. 
Sometimes,  however,  it  is  found  pressed  clou-nward  by  tight  lacing,  displaced  by 

contained  in  umbilical  and  diaphragmatic  herniie. 

I-oMrmonn,  Deutsche  ZeiM,  f.  fhir.,  Bd,  x\i..  p.  91. 
For  a  criliral  slucly  of  Ihe  miieil  tiimori  of  the  Ballvnry  Klnnc)  see  Wood,  Ann.  of  Surgery,  vol 
..  1904.  p.  57.  l.ibl,     -See  also  Kromptchrr,  -  Basalidlenkrebs,"  1903. 
Pruddrn.  "  Rhabdomyoma  of  Ihe  Pncotid  Glanii,"  Am.  Jour,  of  the  .Med.  Sci.,  Apr..  1883. 
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ATROPHY,  DEGEHERATIOIT,  AND  NECROSIS. 

Atrophy  of  the  pancreas  may  occur  in  old  age  and  as  a  result  of  pres- 
sure from  tumors  or  other  adjacent  structures,  and  may  be  associated  with 

fatty  infiltration.  It  occurs  in  a  certain  proportion  of  cases  of  diabetes 
meUitus. 

Auto -digestion  of  portions  of  the  pancreas,  intra  vilam,  has  been 
described,  and  may.  it  is  believed,  lead  to  localized  formation  of  fibrous 

tis.sue  in  the  organ.' 

'  Ckiari.  Pniger  me<l.  M'oehenschrift,  i 
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Albuminous  Degeneration  may  occur  in  acute  infectious  diseases. 
The  organ  may  be  red,  swollen,  and  (edematous.  The  most  marked 
minute  lesions  are  swelling  and  albuminous  degeneration  of  the  gland 
epithelium  with  hyperemia  and  interstitial  cedema. 

Fatty  Degeneration  may  follow  albuminous  degeneration  and  is  most 
common  in  poisoning,  especially  by  phosphorus. 

Fatty  Infiltration,  which  shoukl  be  distinguished  from  fatty  degenera- 
tion, consists  in  the  accumulation  of  fat  in  the  interstitial  tissue  of  the 

gland  (Fig.  451).  This  when  excessive  may  be  associated  with  almost 
complete  atrophy  of  the  gland  structures.  Under  these  conditions  the 
outline  of  the  organ  may  be  preserved,  the  fat  being  enclosed  by  the 
capsule.     It  occurs  in  obesity  and  in  atrophy  and  fibrosi.s  of  the  gland. 

Amyloid  Degeneration. — This  usually  occurs  in  connection  with 
similar  degeneration  in  other  organs,  and  is  confined  to  the  walls  of  the 
blood-vessels  and  the  interstitial  tissue. 

Hyaline  Degeneration,  involving  and  limited  to  the  islands  of  Langer- 
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bans,  has  been  (testribetl  by  Opie  and  others  in  diabetes  without  other 

marked  lesions  of  the  pancreas.' 
Fat  Necrosis. — This  is  a  peculiar  lesion  of  the  fat  tissue,  most  fre- 

quently seen  about  the  pancreas  or  between  its  lobules,  but  sometimes  in 
fat  tissue  in  other  parts  of  the  body.  White  or  yellowish  nodules  (Fig, 

462),  varying  from  the  size  of  a  pin's  head  to  that  of  a  pea  or  larger,  are 
seen  embedded  in  the  fat,  the  central  portion  being  often  soft  and  grumous. 

They  are  sometimes  calcified  and  sometimes  surrounded  by  a  connective- 
tissue  capsule.  Microscopical  examination  shows  necrosis,  degeneration, 
and  disintegration  of  the  fat  tissue  (Fig.  463). 

Fat  necrosis  is  usually  associated  with  lesions  of  the  pancreas — 
hEemorrhagic   infiltration,   necrosis,   gangrene,   and   acute   and   chronic 

inflammatory  processes.  The  lesion  has  been  shown  to  be  due  to  some 
ferment  in  the  pancreiitic  secretion  which  splits  the  fat  molecule  into 
fatty  acids,  which  may  crystaUize,  and  soluble  substances;  calcification 
is  of  later  occurrence.  Experimental  studies  have  shown  that  fat  necrosis 
can  be  induced  by  such  operative  proce<lures  as  direct  the  pancreatic 

secretion  into  fat  tissue  either  immediately  about  the  pancreas  or  else- 

where.' 

'  Opir.  Jour.  E^p.  yieA..  vol.  v..  p,  527,  1901 :  also  OpiV.  '■  DiseoHP  ii  Ihe  PimcreM,"  in  *hich  mny 
be  fouail  bibliography  nf  structure,  function,  and  Imions  of  Ihe  iinncrcns.  For  a.  Btud)'  of  Ihe  devebp- 
■nent  of  the  i9lnn<l»  of  LangerhaoB  in  humiui  emliiyo  sec  Pearcr.  Am.  Jour,  Anst,.  vol.  ii..  1903,  |i.  445. 

iology  of  thmp  ttrurtures  vce  Dc«-ill.  Jour.  Exp.  Med.,  vol. 
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HAEMORRHAGE. 

Haemorrhage  into  the  substance  of  the  pancreas  may  occur  as  the 
result  of  injury;  in  the  haemorrhagic  diathesis;  in  connection  with  valvu- 

lar diseases  of  the  heart  or  interference  with  the  portal  circulation;  or 
in  connection  w^th  extensive  fatty  degeneration,  or  with  local  necrosis, 
or  with  fat  necrosis  of  the  organ.  Such  haemorrhages  may  be  minute  or 
extensive.  Several  cases  of  sudden  death  are  recorded  in  which  the  only 
discoverable  lesion  was  an  extensive  haemorrhage  into  the  substance  of 
the  gland  and  the  tissue  about  it.  The  haemorrhage  may  be  moderate 
and  limited  to  the  pancreas,  or  it  may  extend  into  the  subperitoneal 
tissue  for  a  considerable  distance. 

Haemorrhage  of  the  pancreas  may  be  associated  with  acute  inflamma- 
tory changes  and  with  more  or  less  extensive  gangrene  of  the  organ. ^ 

INFLAMMATION.     (Pancreatitis.) 

Hsemorrhagic  Pancreatitis. — In  this  form  of  disease  haemorrhage 
similar  to  that  above  described  is  associated  wuth  suppurative  inflamma- 

tion or  gangrene  or  both.  The  gangrenous  pancreas  may  be  more  or  less 
encapsulated;  it  may  be  surrounded  by  pus.  Haemorrhagic  pancreatitis 
is  often  associated  with  fat  necrosis. 

The  conditions  leading  to  pancreatic  haemorrhage  and  haemorrhagic 
pancreatitis  are  not  yet  fully  clear,  but  experimental  studies  of  Flexner 
and  Opie  indicate  that  in  some  cases  at  least  the  presence  of  gastric  juice 
or  of  bile  or  other  substances  in  the  pancreatic  duct  may  be  of  impor- 

tance. The  frequent  association  of  gall-stones  with  haemorrhagic 

pancreatitis  is  significant.' 
Suppurative  Pancreatitis  is  not  very  common,  and  may  be  priiriary  or 

due  to  the  extension  of  a  suppurative  inflammation  from  adjacent  or 
distant  parts  of  the  body.  There  may  be  a  diffuse  infiltration  of  the 
organ  with  pus  cells  or  larger  and  smaller  abscesses.  The  abscesses  may 

open  into  the  gastro-intestinal  canal  or  into  the  peritoneal  cavity.  The 
causes  of  primary  suppurative  pancreatitis  are  often  obscure.  It  may 
accompany  fat  necrosis  and  haemorrhage  and  gangrene  of  the  pancreas. 
It  is  probably  usually  due  to  bacterial  invasion  through  the  duct. 

Various  forms  of  bacteria  have  been  found  in  the  necrotic,  haemor- 
rhagic, and  inflammatory  lesions  of  the  pancreas,  but  in  most  cases  the 

significance  of  their  presence  is  not  clear,  since  necrotic  and  haemorrhagic 
foci  may  afford  regions  favorable  to  the  lodgment  and  proliferation  of 
micro-organisms  which  are  secondary  invaders  and  w:hose  lesions,  if  such 

be  induced,  are  complicating  and  not  primary.' 
1  For  a  study  of  Hsemorrhagic  Necrosis  of  the  Pancreas,  see  Opie  and  Meakins,  Jour  Exp. 

Med.,  bibl.  xi.,  561,  1909. 

2  For  a  study  of  the  relationships  between  cholelithiasis  and  diseases  of  the  pancreas  see  Opie, 
"Disease  of  the  Pancreas." 

For  a  study  of  experimental  pancreatitis  see  Flexner,  X"'nivereity  Medical  Magazine,  vol.  xiii., 
p.  780,  1901;  and  Jour.  Exp.  Med.,  vol.  viii.,  p.  167,  1906;  also  Flexmr  and  Pearce,  Trans.  Assn.  Am. 
Phyj.,  vol.  xvi.,  p.  348,  1901;  also  Opie,  he.  cit. 

3  For  a  detailed  consideration  of  acute  inflammation,  lucmorrhage,  gangrene,  and  fat  necrosis  of 
45 
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Chronic  Interstitial  Pancreatitis. — This  lesion  consists  in  an  increase  of 
interstitial  connective  tissue,  which  may  be  general  or  confined  to  some 
particular  portion  of  the  gland.  The  new-formed  tissue  may  be  inter- 

lobular or  interacinar  in  distribution. 
The  organ  is  sometimes  enlarged,  sometimes  smaller  than  normal.  It 

is  usually  dense  and  hard;  secondary  atrophy  of  the  parenchyma  regu- 
larly occurs.  It  may  be  associated  with  chronic  inflammatory  processes 

in  the  vicinity  of  the  organ,  and  obstruction  of  the  pancreatic  duct.  It 

may  accompany  cirrhosis  of  the  liver. ^ 
Tuberculous  Inflammation. — Larger  and  smaller  tubercles  and  tuber- 

culous cheesy  nodules  are  occasionally  found  in  the  pancreas  in  con- 
nection with  acute  general  miliary  tuberculosis  or  with  tuberculous 

inflammation  in  some  other  organ,  particularly  with  that  of  adjacent 
lymph-nodes,  the  lungs,  and  the  intestine. 

Syphilitic  Inflammation. — Chronic  interstitial  pancreatitis  is  frequently 
found  in  congenital  syphilis  of  the  new-born.  The  fibrous  tissue  is 
increased  with  atrophy  of  gland  parenchyma,  but  the  islands  of  Langer- 
hans  persist.'  It  is  not  definitely  established  whether  or  not  a  similar 
lesion  may  be  caused  by  acquired  syphilis.  Gummata  are  very  rare  in 
the  pancreas,  but  have  been  described  in  congenital  syphilis  in  very 
young  children. 

TUMORS. 

Carcinoma  is  the  most  common  and  important  of  the  tumors  of  the 
pancreas.  It  may  be  primary  or  secondary.  Primary  carcinoma  is 

most  frequent  in  the  head  of  the  organ,  but  may  occur  in  other  parts.' 
The  scirrhous  form  is  most  common,  but  soft  and  gelatinous  forms  are 
found.  They  often  involve  adjacent  parts  by  continuous  growth,  and 
may  form  metastases  in  the  liver,  adjacent  lymph-nodes,  etc.  Secondary 
carcinoma  in  the  pancreas  may  occur  in  carcinoma  of  the  stomach  and 
duodenum,  and  of  the  gall-ducts  and  gall-bladder.  As  a  result  of  car- 

cinoma of  the  pancreas,  aside  from  the  extension  of  the  growth,  there 
may  be  pressure  on  the  ductus  choledochus,  with  jaundice;  or  on  the 
pancreatic  duct,  with  cystic  dilatation;  or  pressure  on  the  duodenum, 
with  stenosis  of  the  gut;  or  pressure  on  the  vena  cava,  or  portal  vein,  or 
superior  mesenteric  vein,  etc.,  with  disturbances  of  the  circulation. 

Adenoma  and  sarcoma  are  recorded. 

Cysts. — These  are  mostly  due  to  dilatation  of  the  pancreatic  ducts. 
1.  The  entire  duct  may  undergo  a  uniform  cylindrical  dilatation. 

With  this  cylindrical  dilatation  we  sometimes  find  associated  small 
sacculi. 

2.  There  may  be  sacculated  dilatations  at  some  points  in  the  ducts. 

the  pancreas,  with  bibliography,  consult  Fttz,  Middleton  Goldsmith  lecture  on  "Acute  Pancreatitis," 
Trans.  New  York  Path.  Soc,  1889.  For  later  bibliography  see  Warthin,  Phila.  Med.  Jour,  Nov.  19th, 

1898,  and  Opie,  "Disease  of  the  Pancreas." 
1  See  reference  to  Lando,  foot-note,  p.  728. 
2  For  a  study  of  the  pancreas  in  congenital  syphilid  see  Pearce,  Am.  Med.,  vol.  vi.,  p.  1020,  1903. 
*  For  recent  bibliography  of  primary-  carcinoma  of  the  pancreas  see  Baldttin,  Phila.  Med.  Jour,. 

Dec.  22d,  1900,  bibl. 
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These  dilatations  form  cysts  of  large  size,  as  large  even  as  a  child 's  head. 
Their  walls  frequently  undergo  degeneration  and  calcification.  These 
cysts  often  become  filled  with  blood,  and  may  then  be  mistaken  for 
aneurisms. 

3.  The  small  branches  of  the  pancreatic  duct  may  be  dilated  so  as  to 
form  a  number  of  small  cysts.  These  cysts  are  filled  with  serum,  mucus, 
pus,  or  a  thick,  cheesy  material. 

Cysts  of  the  pancreas  may  result  from  trauma,  inflammatory  closure 
or  obstruction  of  the  ducts,  from  old  areas  of  necrosis  or  haemorrhage, 

and  in  other  ways.* 
Concretions  of  carbonate  and  phosphate  of  lime  are  frequently  found 

in  the  pancreatic  ducts.  They  are  usually  multiple,  small,  whitish, 
smooth,  or  of  rough  and  irregular  shape.  Sometimes,  however,  they 
reach  a  diameter  of  more  than  an  inch.  They  consist  chiefly  of  calcium 
phosphate  and  carbonate.  Besides  these  free  concretions  the  walls  of 
the  ducts  are  sometimes  encrusted  with  salts  of  lime.  Such  concretions 

may  produce  dilatation  of  the  pancreatic  ducts  and  large  cysts,  or  more 
rarely  abscesses. 

Foreign  Bodies. — Gall-stones  sometimes  find  their  way  into  the 
pancreatic  duct.  Ascarides  have  been  found  in  the  ducts  in  a  consider- 

able number  of  cases. 

1  Consult  Tilger,  "Cysts  of  Pancreas,"  Virch.  Arch.,  Bd.  cxxxvii.,  p.  348,  1894,  bibl.;  also  Fi7«, 
Trans.  Assn.  Am.  Phys.,  vol.  xv.,  p.  254,  1900. 



CHAPTER  VIII. 

THE  LIVER. 

Malfonnatioiis. 

Congenital  malformations  of  the  liver  are  not  common  and  are  of  little  practical 
importance.  The  organ  may  be  entirely  wanting;  the  lobes  may  be  diminished  or 
increased  in  number;  its  form  may  be  altered,  so  that  it  is  rounded,  flattened,  triangu- 

lar or  quadrangular.  The  gall-bladder  or  gall-ducts  may  be  wanting;  the  ductus 
choledochus  may  be  double,  both  ducts  emptying  into  the  duodenum,  or  one  emptying 
into  the  duodenum,  the  other  into  the  stomach.  The  single  ductus  choledochus  may 
also  empty  into  the  stomach.  Owing  to  abnormal  openings  in  the  diaphragm  or  the 
abdominal  parietes,  the  liver  may  suffer  displacement  upward  or  forward.  In  con- 

genital transposition  of  the  viscera  the  liver  is  found  on  the  left  side,  the  stomach  and 
spleen  on  the  right  side. 

Small,  isolated  bodies,  having  the  same  structure  as  the  liver,  have  been  a  few 
times  found  in  the  suspensory  ligament  and  in  the  lesser  omentum. 

Acquired  Changes  in  Size  and  Position. 

As  a  result  of  tight  lacing  very  marked  changes  are  sometimes  produced  in  the 
shape  of  the  liver.  By  the  narrowing  of  the  base  of  the  thorax  the  organ  is  compressed 
from  side  to  side,  and  its  convex  surface  is  pressed  against  the  ribs.  In  consequence 
of  this  there  are  found  ridges  and  furrows  on  its  convex  surface.  In  consequence  also 
of  the  circular  constriction,  a  part  of  the  right,  and  usually  of  the  left  lobe  also,  be- 

comes separated  by  a  depression  (Fig.  15).  Over  this  depressed  and  thinned  portion 
of  the  liver  the  capsule  is  thick  and  opaque.  In  extreme  cases  the  depression  and 
thinning  reach  such  an  extent  that  there  is  only  a  loose,  ligamentous  connection 
between  the  separated  portion  and  the  liver. 

A  series  of  depressions  are  sometimes  found  on  the  upper  surface  of  the  right  lobe 
of  the  liver,  running  from  front  to  back,  apparently  caused  by  folds  of  the  organ. 

Structural  alterations  in  the  liver  may  induce  changes  in  its  size  and  shape.  It 
may  be  increased  in  size  by  tumors,  hydatid  cysts,  abscesses,  fatty  and  amyloid  degen- 

eration, by  congestion,  and  sometimes  by  cirrhosis,  etc. 
It  may  be  diminished  in  size  by  atrophy,  by  cirrhosis,  by  acute  parenchymatous 

degeneration,  etc. 
Changes  in  the  position  of  the  liver  are  produced  by  alterations  in  its  size,  by  pres- 
sure downward  from  the  thoracic  cavity  and  upward  from  the  abdomen,  by  the  con- 

striction of  tight  lacing,  by  tumors  or  circumscribed  serous  exudation  between  the 
liver  and  diaphragm,  by  curvature  of  the  spine. 

The  liver  is  readily  turned,  by  pressure  from  above  or  below,  on  its  transverse  axis. 
The  transverse  colon  may  be  fixed  above  the  liver  so  as  to  push  it  backward,  down- 

ward, and  to  the  right.  There  are  a  few  cases  recorded  of  dislocated  and  movable 
livers.  These  occurred  in  women  who  had  borne  children  and  whose  abdominal  walls 

were  lax.     With  ascites  it  is  not  uncommon  to  find  the  liver  quite  movable.* 

WOUNDS,  RUPTURE,  AND  HiEMORRHAGE. 

Wounds  of  the  liver  may  induce  haemorrhage,  which,  if  life  continue, 
is  followed  by  inflammation.     Serious  wounds  of  the  liver  are  usually 

>  See  Graham,  "Displacements  of  the  Liver,"  Tmns.  Assn.  Am.  Phys.,  vol.  x.,  p.  258,  1895,  bibl. 
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fatal,  but  recovery  may  occur  even  after  the  destruction  of  a  considerable 
portion  of  the  organ. 

Supture  of  the  liver  may  be  produced  by  severe  direct  contusions  or 
by  falls.  It  may  be  produced  in  children  by  artificial  delivery.  The 
rupture  usually  involves  both  the  capsule  and  a  more  or  less  consider- 

able portion  of  the  liver  tissue.  It  is  commonly  accompanied  by  large 
li^niorrhage,  and  is  usually  fatal. 

Heemorrhage. — Extravasations  of  blood  in  the  substance  of  the  liver, 
or  more  frequently  beneath  the  capsule,  may  be  found  in  new-born  chil- 

dren after  tedious  or  forcible  labors.  In  adults,  hfemorrhage,  except  as 
the  result  of  injury,  is  uncommon.  Extravasations  of  blood  are  some- 

times seen  in  malignant  malarial  fevers,  especially  in  tropical  climates; 
in  scurvy,  purpura,  and  phosphorus  poisoning;  and  bleeding  may  occur 
in  and  about  soft  tumors,  abscesses,  and  echinococcus  cysts.  It  may 
also  occur  as  a  result  of  thrombosis  of  the  hepatic  vein. 

AHJEBIIA  AND  HYPEREMIA. 

Anaemia  of  the  liver  may  be  general  or  partial.     It  may  be  due  to 
general  aniemia  or  to  local  disturbances  of  the  circulation,  such  as  swell- 

ing of  the  cells  in  parenchymatous  or  other  degeneration,  pressure  of 

B    LlVEB— ■■  NCTII 

tumors,  etc.     The  organ  appears  pale,   often  of  slightly  yellowish    or 
brownish  color.     It  may  be  harder  than  usual,  and  smaller. 

Hyperfemla  of  the  liver  is  either  an  active  or  a  passive  process.     In 
health  the  amount  of  blood  in  the  liver  varies  at  different  times,  being 
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regularly  increaseil  during  the  process  of  digestion.  When  the  digestive 
process  is  unduly  influenced  by  the  ingestion  of  spirits,  spices,  etc., 
the  hyperfcmia  assumes  abnormal  proportions,  and  when  this  is  often 

repeated  it  may  lead  to  structural  changes  in  the  organ.  Severe  contu- 
sions over  the  region  of  the  liver  sometimes  cause  a  hypenemia.  whii-h 

may  result  in  suppurative  or  in  productive  inflammation.  In  hot 
climates  and  in  malarious  districts  active  and  chronic  hyperEcraia  of  the 
liver  are  frequent  and  often  incite  structural  lesions.  In  scurvy,  also, 
the  liver  is  sometimes  congested.  Cessation  and  suppression  of  the 
menses  and  of  lucmorrhoidal  bleeding  may  be  followed  by  hyperaemia  of 

Flo.   4S5.~CiniaKic  Conoebtioh   of  the   Liver. 

Shawini:  a  Biil«]c  lobulo.     The  cnpillarios  about  the  rmtml  vein  nre  wiilel)'  ilislended  wilh  blood- 

atrophy. 

the  liver.  In  all  these  varieties  of  active  congestion  the  liver  is  enlarged, 
of  a  deep  red  color,  and  blood  flows  freely  from  its  cut  surface. 

Passive  congestion  of  the  liver  is  produced  by  an  obstruction  to  the 
current  of  blood  in  the  hepatic  veins.  Valvular  diseases  of  the  heart, 
emphysema  and  fibrous  induration  of  the  lungs,  large  pleuritic  effusions, 
intrathoracic  tumors,  angular  curvature  of  the  spine,  aortic  aneurisms 
pressing  on  the  vena  cava,  and  constrictions  of  the  vena  cava  and  of  the 
hepatic  veins,  may  all  lead  to  a  chronic  hypenemia  of  the  liver.  In  such 
cases,  since  the  congestion  affects  principally  the  hepatic  veins,  we  find 
the  centre  of  each  acinus  congested  and  red,  while  its  periphery  is  lighter 
in  color.  This  gives  to  the  liver  a  mottled  or  nutmeg  appearance  {nut- 

meg liver)  (Fig.  4t)4).  The  liver  cells  in  the  centre  of  each  acinus  are 
frequently  colored  by  little  granules  of  red  or  black  pigment,  and  the 
cells  at  the  periphery  become  fatty,  so  that  the  nutmeg  appearance  is  still 
more  pronounced.  A  liver  in  this  condition  is  usually  of  medium  size, 
but  may  be  smaller  or  larger  than  normal. 

When  the  congestion  is  long  continued  the  veins  at  the  centre  of  each 
acinus  may  become  permanently  dilated,  and  the  hepatic  cells  in  their 



THE    LIVER  711 

meahea  become  atrophied  (Figs.  465  and  46fi),  so  that  the  centre  of  each 
acinus  consiats  only  of  dilated  capillaries  or  of  these  and  new  connective 
tisaue;  or  the  dilatation  and  atrophy  of  the  liver  cells  may,  in  circum- 

scribed  portiona   of   the   organ,   involve  the  entire  acinus.     In   long- 

Showing  atrophy  of  this  Irver  cclb. 

continued  congestion  the  liver  is  usually  small  and  hard — cyanotic 
induration — and  may  be  rough  or  uneven  on  the  surface;  but  it  is  some- 

times enlarged.  The  peculiar  nutmeg  appearance  may  be  very  well 
marked,  or  it  may  not  be  evident,  the  organ  being  of  a  dark-red  color. 

LESIOI^  OF  THE  HEPATIC  VESSELS. 

The  Hepatic  Artery. 

The  hepatic  artery  is  in  rare  caaes  the  seat  of  aneurisms  which  may 
attain  a  large  size.  Such  aneurisnia  may  displace  the  liver  tissue,  com- 

press the  bile  ducts  so  as  to  cause  jaundice,  and  may  rupture  into  the 
stomach  or  abdomen. 

Owing  to  its  abundant  anastomoses,  emboli  of  the  branches  of  the 
hepatic  artery  u.sually  induce  no  marked  leaions,  but  they  sometimes 

result  in  single  or  multiple  anEemic  infarcts.' 

The  Portal  Vein. 

Thrombosis,  Embolism,  and  Inflammation. — Thrombosis  of  the 
branches  of  the  portal  vein  may  be  produced  by  weakening  of  the  circu- 

lation from  general  debility — marasmalic  thrombi;  by  pressure  on  the 
vessel  from  without,  as  in  cirrhoais,  chronic  peritonitis,  tumors,  gall- 

1  For  a  crilii-fll  mimmBri-  of  reronled  CBsea  of  aoipniic  in(»rcte  »l  the  liver  aw  Baldwin.  Jour.  Med. 
It™.,  vol.  viii.,  190J,  p.  Ml.  For  a  study  oT  enperioienliil  closure  of  the  hepatic  nrtery  aod  the  gall- 
ducts  see  Tisrhntr,  Vireh.  Areh.,  Bd.  i^lxxv..  p.  Ml,  I1I04. 
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stones,  dilatation  of  the  bile  ducts,  etc.;  by  injury;  by  the  presence  of 
foreign  materials  within  the  vessel;  and  as  a  result  of  inflammation, 

especially  syphilitic,  of  its  wall — phlebitis — or  of  embolus.  The  throm- 
bus may  form  in  the  vessels  in  the  liver  or  be  propagated  into  them  from 

without.  It  may  partially  or  entirely  occlude  them.  The  clot  may 
become  organized  as  a  result  of  endophlebitis,  and  a  permanent  occlusion 
of  the  vessel  ensue.  If  the  clot  be  a  simple^  non-irritating  one,  leading  to 
occlusion,  the  consequences  are  usually  more  marked  in  the  abdominal 
viscera  than  in  the  liver  itself.  The  branches  of  the  hepatic  artery  form 
suflBcient  anastomoses  usually  to  nourish  the  liver  tissue  and  prevent  its 
necrosis,  even  in  complete  occlusion  of  the  portal  vein;  and  if  occlusion 
occur  slowly,  the  organ  may  continue  to  perform  its  functions.  But  this 
obliterative  form  of  thrombosis  is  usually  attended  by  ascites,  enlarge- 

ment of  the  spleen,  dilatation  of  the  abdominal  veins,  and  sometimes  by 
haemorrhage  from  the  stomach  and  intestines. 

In  another  class  of  cases,  in  addition  to  the  local  and  mechanical 
effects  of  a  thrombus,  the  latter  may  be  infections,  then  there  are  necrotic 
changes  and  suppurative  inflammation  in  the  walls  of  the  vessels  or 
in  the  liver  tissue  about  them.  The  thrombi  are  apt  to  soften  and 
break  down,  and  the  fragments  may  be  disseminated  through  the  smaller 
trunks  of  the  portal  vein.  In  this  way,  by  the  distribution  through  the 
smaller  vessels  of  a  disintegrated  thrombus  from  a  large  trunk,  or  by  the 
introduction  into  the  branches  of  the  portal  vein  of  purulent  or  septic 
material  from  some  of  the  abdominal  viscera  or  from  wounds,  multiple 
foci  of  purulent  inflammation  in  the  portal  vein,  and  multiple  abscesses 
involving  the  liver  tissue,  may  be  produced.  In  many  cases  the  pres- 

ence of  bacteria  may  be  detected  in  the  inflammatory  foci. 
These  soft  thrombi  of  the  portal  vein  and  the  accompanying  pyle- 

phlebitis and  abscess  are  induced  in  a  variety  of  ways.  Ulceration  of 
the  intestines  and  stomach,  abscesses  of  the  spleen,  suppurative  inflam- 

mation of  the  mesentery  and  mesenteric  glands,  inflammation  and  ulcer- 
ation of  the  bile  ducts  from  gall-stones,  inflammation  of  the  umbilical 

vein  in  infants,  may  all  induce  thrombi  in  their  respective  veins,  which 
may  be  propagated  to  the  portal  vein  or  may  give  rise  to  purulent  or 
septic  emboli.  Two  cases  are  recorded  in  which  a  fish-bone  in  the  portal 
vein  induced  suppurative  inflammation  in  that  vessel.* 

In  infants  inflammation  of  the  umbilical  vein  may  induce  not  only 
inflammation  of  the  portal  vein  and  abscesses  in  the  liver,  but  multiple 
abscesses  in  various  parts  of  the  body,  and  acute  peritonitis  may  follow. 

Infarcts. — Infarcts  of  the  liver  seldom  form,  owing  to  the  abundant 
anastomosis  of  its  blood-vessels.  But  under  exceptional  conditions, 
as  we  have  seen,  ancemic  injarcts  may  form  as  the  result  of  the  closure 
of  the  hepatic  artery  or  also  of  small  branches  of  the  portal  vein.  There 
may  then  be  a  larger  or  smaller  mass  of  dead  liver  tissue  surrounded  by 
a  zone  of  congestive  or  inflammatory  reaction  (Fig.  407).  Occasionally 
also,  owdng  usually  to  the  occlusion  of  branches  of  the  portal  vein,  lim- 

1  For  a  study  of  primary  portal  thrombosis  see  Lewis  and  Rosenow,  Arch.  Int.  Med.,  iii.,  232, 
1909,  bibl. 
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ited  areas  of  liver  tissue  may  suffer  disturbance  of  the  circulation  leading 
to  atrophy  of  the  liver  cells  and  the  formation  of  fibrous  tissue.  This 

condition  has  been  called  hcemorrhagic  atrophic  injarction.  It  is  appar- 
ently rather  localized  atrophy  of  the  liver  than  true  infarction. 

It  is  probable  that  the  rare  occurrence  of  hepatic  infarcts  is  closely 

The  infBrcU,  muUipk  and  targe,  nrv  due  to  exIeneivE  thromboais  of  branches  of  Ihe  portal  vein. 

dependent  in  most  instances  upon  the  development  of  local  thrombosis  or 
embolism,  which  commonly  lio  not  lead  to  infarction,  together  with  gen- 

eral disturbances  of  the  circulation  which  prevent  the  re-establishment 

of  equihbrium  in  the  hepatic  vessels.' 
'Fornetuib' of  liver  infarcbxep  summary  of  Balfjirin.  ref.  footnote  p.  711    also  Sleinhaui,  Deut 

Aroh.  f.  kliu.  Med.,  Bd.  Ixxi.,  p.  364,  1904. 



714  THE    LIVER 

Rupture  of  the  Portal  Vein,  with  fatty  degeneration  of  its  walls,  has 
occurred  in  a  few  instances. 

Chronic  Endophlebitis,  with  atheroma  and  calcification,  may  occur  in 
the  walls  of  the  poital  vein,  giving  rise  to  thrombosis. 

Dilatation  of  the  Portal  Vein,  either  uniform  or  varicose,  may  occur  in 

various  parts  of  the  vessel  or  its  branches.  It  may  be  caused  by  destruc- 
tion of  the  liver  capillaries  in  cirrhosis,  or  by  occlusion  of  the  vein  by 

thrombi,  tumors,  etc. 

The  Hepatic  Veins. 

The  hepatic  veins  present  lesions  similar  to  those  of  the  portal  vein 
and  its  branches,  but  they  are  much  less  frequent.  The  veins  may  be 
dilated  by  obstruction  to  the  passage  of  venous  blood  into  the  heart. 
They  may  be  the  seat  of  acute  and  chronic  inflammation,  and  soft  thrombi 
and  suppurative  inflammation  may  be  produced  by  abscesses  in  the 
liver.  Rarely  there  is  a  localized  obliterating  phlebitis  in  the  hepatic 
vein  followed  by  chronic  congestion,  interstitial  inflammation,  and 

thrombosis.^ 

ATROPHY  OF  THE  LIVER. 

Atrophy  of  the  liver  may  affect  the  entire  organ  or  be  confined  to 
some  part  of  it.  General  atrophy  may  occur  in  old  age  as  a  senile 
change,  or  may  be  induced  by  starvation  or  chronic  exhausting  diseases. 
The  organ  is  diminished  in  size,  is  usually  firm,  and  the  acini  appear 
smaller  than  usual.  Microscopically  the  change  is  seen  to  be  due  to  a 
diminution  in  size  of  the  liver  cells,  and  hand-in-hand  with  this  there 
occurs  frequently  an  accumulation  of  pigment  granules  within  the  atro- 

phied cells.  The  cells  may  entirely  disappear  over  circumscribed  areas, 
leaving  only  shrivelled  blood-vessels  and  connective  tissue;  or,  in  some 
cases,  there  may  be  an  increase  of  connective  tissue  associated  with 
the  atrophy  of  the  cells.  When  much  pigment  is  formed  in  the  cells  the 
lesion  is  often  called  pigment  atrophy. 

Essentially  the  same  changes  may  occur  in  circumscribed  portions  of 
the  liver,  as  the  result  of  pressure  from  new  connective  tissue  in  cirrhosis, 

from  tumors,  hydatids,  amyloid  degeneration,  gall-stones,  etc.  In 
atrophy  from  pressure  the  liver  cells  are  apt  to  become  very  much  flat- 

tened and  squeezed  together  as  they  diminish  in  size. 

NECROSIS. 

Necroses  in  the  liver  may  occur  under  various  conditions  and  in 

manv  forms. ^ 
Minute  areas  of  necrosis  of  liver  cells,  focal  necrosis  (see  p.  58),  are 

^  Consult  for  obliterating  phlebitis  of  the  main  trunks  of  the  hepatic  vein  as  a  cause  of  death, 
Chiari.  Ziegler's  Beitr.,  Bd.  xxvi.,  p.  1,  1899,  bibl. 

2  For  a  study  of  necroses  of  the  liver  see  Mallory,  Jour,  of  Med.  Res.,  vol.  vi.,  1901,  p.  264. 
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found  irregularly  scattered  through  the  organ  in  various  acute  infections, 
and  may  be  artificially  induced  in  animals  by  the  injection  of  bacteria 

or  other  vegetable  toxins,  such  as  ricin  and  abrin.^ 
More  extensive  necroses  of  liver  cells,  especially  about  the  central 

vein,  frequently  occur,  usually  in  acute  infectious  diseases — diphtheria, 
endocarditis,  lobar  pneumonia,  peritonitis,  cerebro-spinal  meningitis.* 
This  has  been  called  central  necrosis. 

Necrosis  in  the  liver  may,  however,  be  limited  to  the  peripheral 
zone  of  the  lobule,  peripheral  necrosis.  This  condition  has  been  described 
in  a  few  instances,  especially  in  connection  with  eclampsia. 

Finally,  the  necrosis  of  parenchyma  cells  in  the  liver  may  be  limited 

to  the  middle  zone  of  the  lobule,  *^midzonal  necrosis.^^ 
In  most  of  these  forms  of  so-called  ̂ '  zonal  necrosis  "'  bacterial  toxins 

or  infections  appear  to  be  the  chief  determining  factor. 
Many  of  the  necroses  of  the  liver  are  doubtless  due  to  the  action  of 

bacteria  or  bacterial  toxins.  The  focal  forms  may  be  determined  by  the 
local  growth  of  bacteria,  by  the  occlusion  of  capillaries  by  swollen  and 
proliferated  endothelial  cells,  as  in  typhoid  fever,  or  by  fibrinous  or 
agglutinative  thrombi. 

The  reason  for  the  topography  of  the  lesion  in  the  various  forms  of 

"zonal  necrosis''  has  not  yet  been  definitely  determined.  Nor  is  the 
relation  of  these  to  certain  phases  of  so-called  acute  yellow  atrophy  of  the 
liver,  clear. 

Pearce  has  shown*  that  by  the  injection  into  animals  of  haemagglutinative  sub- 
stances contained  in  various  cytolytic  immune  sera,  agglutinative  thrombi  may  form 

in  the  capillaries  and  smaller  branches  of  the  portal  vein,  leading  to  necrosis  of  the 
liver.  The  position  and  extent  of  these  areas  of  hyaline  necroses  vary  with  the  amount 
of  the  serum  administered.  They  are  mostly  superficial,  and  may  be  small  and  focal 
or  involve  nearly  all  the  parenchyma  of  the  lobule,  except  that  in  the  vicinity  of  the 
portal  spaces. 

Pearce  and  Winne*  have  shown  that  similar  lesions  may  follow  the  injection  of 
haemagglutinins  of  bacterial  origin.  In  these  areas  of  hyaline  necrosis  the  liver  cells 
stain  poorly  with  eosin;  the  nuclei  do  not  stain  and  may  be  seen  only  as  faint  outlines, 
or  they  are  shrunken. 

Oertel  has  described  the  occurrence  of  multiple  circumscribed  necrotic  and  atrophic 
foci  in  the  liver  not  associated  with  local  infective  processes  and  without  marks  of 
inflammation  or  connective-tissue  hyperplasia.  These  are  associated  with  stasis  in 
the  blood,  and  bile  capillaries,  and  local  portal  sclerosis.  These  areas  contain  bile 
pigment.  This  lesion  is  most  marked  about  the  central  vein,  and  may  vary  in  extent. 
It  is  associated  with  jaundice.  The  lesion  is  diffuse  in  the  liver,  often  running  in 
streaks  which  merge  into  normal  liver  tissue.  Thus  the  liver  becomes  tough,  pale, 

bile-stained,  w^ith  obscured  markings.  The  liver  cells  in  the  afTected  areas  apparently 
lose  their  cytoplasm,  leaving  a  well-preserved  outline,  and  may  contain  fat. 

For  this  lesion  the  designation  multiple  non-inflammatory  necrosis  of  the  liver  with 

jaundice  is  suggested.* 

1  Fleiner,  Johns  Hopkins  Hasp.  Rep.,  vol.  vi.,  p.  259,  1897;  Mallory,  Jour.  Exp.  Med.,  vol.  iii., 
p.  611,  1898. 

2  Mallory,  Jour.  Med.  Res.,  vol.  vi.,  p.  264,  1901. 

'  For  a  study  of  "zonal  necroses"  of  the  liver  see  Oj>ie,  Jour.  Med.  Res.,  vol.  xii.,  p.  147,  1904. 
<  Peiirce,  .Tour.  Med.  Res.,  vol.  xii.,  p.  329,  1904;  also  ibid.,  vol.  xiv.,  p.  541,  1906. 
''  Pearce  and  Winne,  Amer.  Jour.  Med.  .Sci.,  vol.  cxxviii.,  p.  669    1904. 
^  Oertel,  Jour.  Med.  Res.,  vol.  xii.,  P-  75,  1904;  also  Jour.  Exp.  Med.,  vol.  viii.,  p.  103,  1906.  For 

a  study  of  chanRes  in  necrotic  cells  in  cytolysis  in  the  hvcr  and  elsewhere  see  Symmers,  Jour.  Exp. 
Med.,  vol.  Lx.,  p.  64,  1907. 
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Howlandand  Richards'  have  shown  that  chloroform  ansesthesia  in  animals  repeated 
on  several  successive  days  induces  fatty  degeneration  or  hyaline  necrosis  or  both,  of 

the  liver  cells  in  the  central  portion  of  the  lobules.  Whipple  and  Sperry'  found  that 
animals  may  recover  from  the  chloroform  liver  necroses  with  complete  restitution  of 
the  cells  after  two  or  three  weeks. 

The  acute  degenerations  of  the  liver  occurring  in  eclampsia,  in  which  condition 
chloroform  is  often  administered,  require  careful  scrutiny  in  view  of  the  striking  lesions 
of  necrosis  induced  by  chloroform  alone. 

DEGENERATION. 

Albuminous  Degeneration. — In  the  infectious  diseases  and  in  certain 
cases  of  acute  anaemia  and  phosphorus  poisoning,  the  liver  is  swollen 
and,  on  section,  of  a  dull  yellowish  gray  color,  looking  as  if  it  had  been 
boiled.  It  contains  less  blood  than  usual,  and  the  outlines  of  the  lobules 
are  indistinct.  Microscopical  examination  shows  the  lesion  to  consist  of 
a  swelling  of  the  liver  cells  and  an  accumulation  in  them  of  moderately 
refractile,  finer  and  coarser  albuminous  granules.  These  granules  may 

disappear  and  the  cells  return  to  their  normal  condition,  or  fatty  degen- 
eration may  follow.  Fatty  and  parenchymatous  degenerations  are  often 

associated. 

Acute  Yellow  Atrophy  (Acute  Parenchymatous  Degeneration). — This 
rare  condition  is  characterized  anatomically  by  a  rapid  diminution  in  the 
size  of  the  liver  as  the  result  of  a  granular  and  fatty  degeneration, 
necrosis,  and  disintegration  of  the  liver  cells.  It  is  frequently  associated 
with  the  clinical  condition  called  icterus  gravis.  The  liver,  sometimes 

within  a  few  days,  may  be  reduced  to  one-half  its  normal  size.  On  open- 
ing the  abdominal  cavity  the  organ  may  be  found  lying,  concealed  by 

the  diaphragm,  close  against  the  vertebral  column.  The  amount  of 
diminution  and  the  general  appearance  of  the  affected  organ  depend  to  a 

considerable  extent  upon  its  previous  condition — i.e.,  whether  or  not  it 
w^as  the  seat  of  other  lesions — as  well  as  upon  the  duration  of  the  process 
and  the  degree  of  degenerative  change.  In  general,  if  the  lesion  is  well 

marked,  the  liver  is  small,  flabby — sometimes  almost  fluctuating — and 
the  capsule  wrinkled.  On  section  the  cut  surface  may  show  but  little 
trace  of  lobular  structure,  but  present  an  irregular  mottling  with 

gray,  ochre-yellow,  or  red;  sometimes  one '  sometimes  another  color 
preponderating. 

Microscopical  examination  shows  varying  degrees  of  degeneration  and 
destruction  of  the  liver  cells.  Most  evidently  in  those  parts  which  have 

a  grayish  appearance,  the  outlines  of  the  cells  are  preserved  and  the  proto- 
plasm is  filled  with  larger  and  smaller  granules.  In  the  yellow  portions 

the  outlines  of  the  liver  cells  may  be  preserved,  and  they  may  contain 
varying  quantities  of  larger  and  smaller  fat  droplets  and  granules  of 
yellow  pigment.  Or  the  cells  may  be  necrotic  or  disintegrated,  and  in 

their  place  are  irregular  collections  of  fat  droplets,  hyaline  material,  pig- 
ment granules,  red  and  yellow  crystals,  and  detritus;  only  the  connective 

*  Hovcland  and  Richards,  Jour.  Exp.  Med.,  xi.,  344,  1909;  see  also  Opie,  ref.  page  718. 
2  Whipple  and  Sperry,  Johns  Hop.  Hoap.  Bull.,  xx.,  278,  1909. 
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tissue  and  blood-vessels  of  the  original  liver  tissue  remaining  (Fig.  4G8). 
The  red  areas  may  show  nearly  complete  absence  of  liver  cells  and  ceil 
detritus,  and  sometimes  irregular  rows  of  cells  which  are  variously 

interpreted  as  being  new-formed  gall-ducts  or  proliferated  liver  cells, 

marking  a  reparative  process  which  may  be  extensive.'  In  these  areas  it 
appears  to  be,  in  part  at  least,  the  blood  contained  in  the  vessels  which 
imparts  the  red  color.  Sometimes  the  interstitial  tissue  is  infiltrated 

with  small  spheroidal  cells  resembling  leucocytes.  Crj'stals  of  leucin  and 
tyrosin  are  sometimes  found  intermingled  with  the  cell  detritus.  In 
some  cases  the  liver  is  not  dinuniahed  in  size.  In  early  stages  it  may- 
even  be  larger  than  normal. 

These  lesions  of  the  liver  are  frequently  associated  with  enlargement 

The  liver  cells  in  the  periphery  of  the  bhule  are  litUe  chuDgea;  thqse  toward  the  centre  ore 
largely  destroyed. 

of  the  spleen  and  parenchymatous  degeneration  of  the  kidney  and  of  the 
heart  muscle.  Multiple  hemorrhages  may  occur  in  the  gastro-intestinal 
canal,  kidneys,  bladder,  and  lungs.  There  is  frequently  marked  jaundice. 

The  condition  above  described  as  acute  yellow  atrophy  of  the  liver 

sometimes  occurs  in  persons  previou.sly  apparently  well,  but  may  accom- 
pany infectious  diseases — typhoid  fever,  diphtheria,  puerperal  infection, 

etc. — and  may  be  seen  in  eclampsia  and  pernicious  vomiting  in  preg- 
nancy. While  the  nature  of  the  condition  is  not  well  understood  it 

seems  probable  that  the  lesion  is  essentially  a  necrosis  and  degeneration 
resulting  from  toxic  substances  produced  either  in  bacterial  infection  or 
through  faulty  cell  metabolism  and  followed  by  more  or  less  pronounced 
autolysis.     It  is  probably  erroneous  to  consider  the  lesions  of  the  liver 

'  Fur  a  MurW  of  rrEcnorative  rhnnges  in  the  liver  nfter  acute  yellou'  ntrophy  sec  IHa<<:allum, 
Johnn  Hopkins  Hmp.  Rr\>..  vul.  x„  ISO^,  p.  XIH;  oUo  Prarrt,  Jour.  Me<l.  Ren.,  vol.  xv.,  p.  US,  IVM. 
See  aL«  for  repair    of  liver,  Muir.  Jour,  of  Path.,  xiL,  287,  1908  and  Milac.  Froc.  N.  Y.  Path.  Sor., 
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described  under  the  name  of  acute  yellow  atrophy  as  marking  a  single 
disease  proceas. 

As  to  the  details  of  the  pathogenesis  of  this  condition,  opinions  differ, 
and  the  whole  subject  is  in  urgent  need  of  more  exact  research. 

In  the  forms  of  this  liver  lesion  which  mark  the  toxaemia  of  pregnancy, 
whether  these  be  clinically  manifested  in  eclampsia,  pernicious  vomiting, 
or  other  less  well  marked  abnormal  conditions,  there  appears  to  be 
a  disturbance  of  nitrogenous  metabolism  in  the  liver,  associated  with 

the  characteristic  rapid  destruction  of  the  parenchyma.' 
It  should  be  borne  in  mind,  finally,  that  while  acute  yellow  atrophy 

of  the  liver  has  been  regarded  as  an  especially  fatal  lesion,  there  is  abun- 
dant clinical  and  morphological  evidence  that  various  grades  of  the  lesion 

may  occur  and  that  recovery  from  many  forms  with  regeneration  of  liver 
tissue  is  not  uncommon.' 

EzperimeDtal  StudieB.^The  experiments  of  Opie'  in  inducing  in  animals  lesioDS 
comparable  with  those  of  acute  yellow  atrophy  in  man  are  very  suggestive.  Opie 
fouod  that  after  the  relatively  slight  injury  ot  the  liver  parenchyma  induced  by  re- 

peated doses  of  chloroform  in  dogs,  the  injection  of  Bacillus  coli — not  itself  especially 
virulent  tor  these  animals — may  be  followed  by  changes  in  the  liver  which  neither  the 
chloroform  (see  p.  716)  nor  the  bacteria  alone  can  induce.  For  under  these  conditions 
he  found  that  the  liver  cells  may  be  largely  destroyed  by  necrosis,  the  remainder  be- 

ing fatty,  while  evidence  of  reparative  changes — new  fibrous  tissue  and  new-formed 
gall-duct*,  such  as  are  often  seen  in  acute  yellow  atrophy  in  man — was  strikingly 
shown.  In  view  of  these  experiments  Upie  calls  attention  to  the  possibility  that 
some  of  the  le^ionf  of  the  toxemia  of  pregnancy  and  acute  yellow  atrophy  in  man 
may  in  fact  he  due  to  the  action  ot  bacteria  or  their  poisons  on  liver  cells  already 
vulnerable  from  metabolic  or  other  forms  ot  intoxication. 

nd  bibl.  s«  Whiu.  Bust.  Mcfl.  Hnil  .Surg.  Jon r.,  158,  720 
orais  of  ueute  yellow  atrophy  nmrfcinjc  the  k rlam^i^ 

BDd  oth y  «v  .Si™mm,  Amor.  Jour,  of  Ohnlelrics.  vol liii..  1906, bibl.:  nlac 

Ea-ing. 

fg.  Pine.  Path.  Sor..  PhiK.,  xiiL,  03,  1010. 
Med.,  xii..  367,  IBIO. 
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Fatty  Infiltratloo. — In  the  normal  human  liver  there  is  usually  a  cer- 
tain amount  of  fat  in  the  liver  cells,  and  this  amount  varies  considerably 

under  different  conditions. 

The  gross  appearance  of  pathological  fatty  livers  varies  a  good  deal, 
depending  upon  the  amount  and  distribution  of  fat  and  its  association 
with  other  changes.  If  the  lesion  is  un 
complicated  and  considerable,  the  oigan 
is  increased  in  size,  the  edges  are  rounded 
the  consistence  is  firm,  the  color  yellow 
ish,  and  the  cut  surface  greasv  The 
lobules  are  enlarged  and  their  outUnes 
indistinct,  and  the  blood  content  is 
diminished.  The  liver  is  increased  m 

weight.  The  lesion  may  be  uniform 
throughout  the  organ  or  it  mav  occur 
in  patches.  In  the  latter  ca.se  the  Iner 
has  a  mottled  appearance,  irregular  yel 
lowish  patches  alternating  with  the  brownish  red,  unaffected  portions. 

Fatty  infiltration  is  often  associated  with  chronic  congestion  {nutmeg 
liver),  with  cirrhosis  and  amyloid  degeneration;  the  picture  may  then 
present  considerable  complexity.  Fatty  livers  may  be  stained  brown  or 
greenish  with  bile  pigment. 

Microscopically  the  liver  cells  are  seen  to  contain  larger  and  smaller 
droplets  of  fat  (Fig.  469),  and  frequently  large  drops  of  fat  occupy  nearly 
the  entire  volume  of  the  cell,  so  that  the  protoplasm  may  be  visible  only 

as  a  narrow,  nucleated  crescent  at  one  side,  or  it  may  disappear  alto- 
gether (Fig.  470). 

Fatty  infiltration  of  the  liver  may  occur  as  a  result  of  < 
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ingestion  of  oleaginous  food;  in  chronic  alcohol,  phosphorus,  and  arsenic 
poisoning;  in  certain  exhausting  diseases  accompanied  by  malnutrition, 
as  in  pulmonary  phthisis,  chronic  dysentery,  etc.;  and  under  a  variety 
of  conditions  which  we  do  not  underetand.  It  is  common  in  children, 

especially  in  acute  infectious  diseases.' 
Fatty  Degeneratton. — In  this  condition,  which  in  many  cases  cannot 

be  distinguished  morphologically  from  fatty  infiltration,  the  fat  is 
believed  to  be  formed  by  a  transformation  of  the  protoplasm  of  the  liver 
cells  (see  p.  40).  The  fat  droplets  are,  for  the  most  part,  very  small  and 
abundant  (Fig.  471),  though  this  is  not  constant.     Fatty  degeneration 

of  the  liver  cells  frequently  follows,  and  is  associated  with,  cloudy 
swelling  under  the  varying  conditions  in  which  this  occurs,  or  it  may 
appear  in  profound  anaemia  and  in  acute  phosphorus  and  arsenic 

poisoning.' 
Amyloid  Degeneration. — In  the  liver  amyloid  degeneration  may  be 

general  or  local;  so  extensive  as  to  give  the  organ  very  characteristic 
appearances,  or  so  slight  as  to  be  unrecognizable  without  the  aid  of  the 
microscope.  It  may  be  associated  with  other  lesions.  When  the  change 
is  extensive  ami  general  the  liver  is  enlarged  sometimes  to  more  than 
twice  its  normal  size;  the  edges  are  thickened  and  rounded;  the  surface 
is  smooth;  the  tissue  tough,  firm,  inelastic,  more  or  less  translucent,  and 
of  a  browni.sh  yellow  color.  The  lobular  structure  may  be  more  or  less 

indistinct,  or  it  may  become  very  evident  by  an  associated  fatty  degen- 
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eration  of  the  peripheral  or  central  cells  of  the  lobules.  The  translu- 
cency  ant!  peculiar  appearance  of  the  tissue  may  be  best  seen  by  slicing 
off  a  thin  section  and  holding  it  up  to  the  light,  When  the  lesion  is  less 
considerable  the  liver  may  be  of  the  usual  size,  and  may  fee!  harder  than 
normal,  and  here  and  there  a  translucent  mottling  may  be  evident,  or 
the  degeneration  may  be  apparent  only  on  the  addition  of  staining 
agents.  When,  as  is  frequently  the  case,  it  is  associated  with  cirrhosis, 

the  liver  may  be  small  and  nodular,  and  the  appearance  of  the  cut  sur- 
face varies,  depending  upon  the  character  of  the  cirrhotic  change  and 

the  presence  or  absence  of  fat. 
This  degeneration  usually  commences  in  the  walls  of  the  intralobular 

blood-vessels,  causing  them  to  become  thickened  and  translucent  (Fig. 
472).     Their  lumen  may  be  nearly  or  entirely  occluded.     The  liver  cells 
may  be  squeezed  by  the  thickening  of  the  vessels  and  may  become 
partially  or  completely   atrophied,   or  they   may   be  fatty.     Amyloid 
degeneration  may  also  involve  the  interlobular  vessels,  and  in  advanced 
stages  larger  and  smaller  areas  of  liver  tissue  may  be  almost  completely 
converted  into  the  dense,  re- 

fract it  e    substance    in    which 
here  and  there  flattened  liver 

cells  may  be  seen. 
Amyloid  degeneration  of 

the  liver  is  usually  associated 
with  a  similar  lesion  of  other 

organs. 

Glycogen  Degeneration.^ — 
This  may  occur  In  the  liver 
ceiia  in  diabetes. 

Pigmentation  of  the  liver 
cells,  from  bile  and  blood  de- 

rivatives, is  to  a  certain  extent 

normal,  but  may  be  greatly         .j^ 
increased  as  a  result  of  atro-      "iihi 

phy,  of  localized  hipmorrhage,      ""^  '"'  "^'^  " 
'"°"' "'  **"■  "■""' 

and  of  obstructive  jaundice.     Pigmentation  of  the  liver  may  be  marked 
in  hajmochromatosis  (see  p,  54). 

As  a  result  of  severe  malarial  poisoning  a  variable  amount  of  brown, 
black,  or  reddish  pigment  is  often  found  in  the  blood.  This  is  usually 
mostly  taken  up  by  the  leucocytes  and  deposited  in  various  parts  of  the 
body,  chiefly  in  the  liver,  spleen,  and  marrow  of  the  bones.  In  the  liver 

it  is  usually  found  enclosed  in  the  endothelial  cells'  free  or  in  place  in  the 
blood-vessels  (sec  Fig.  473),  but  sometimes  in  the  tissue  between  them. 

I  For  n  alurLy  of  the  iih»K'>^yiir  powpn<  «1  (hi-  foilothelia]  relU  of  the  bloocl-vcwclB  of  the  liver 
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The  liver  cells  frequently  contain  bile  pigment,  but  usually  are  free  from 
the  melanotic  pigment  characteristic  of  this  malarial  condition.  As  the 
result  of  this  accumulation  of  pigment  the  liver -may  have  a  dark  reddish 
brown,  an  olive  brown,  or  a  black  color  (sometimes  called  bronze  liver). 

Pigment  similar  in  character  to  that  which  occurs  in  the  lungs  from 
the  inhalation  of  coal  dust  may  be  found  in  the  connective  tissue  along 
the  portal  vessels.  Inhaled  pigment  particles  may  pass  the  lungs  and 
bronchial  lymph-nodes,  and  be  deposited  in  the  liver  as  they  are  in  the 
spleen  and  hepatic  lymph-nodes. 

CALCIFICATION. 

This  lesion  of  the  liver  is  rare.  The  deposit  of  lime  may  be  in  the 

vicinity  of  the  arteries  or  the  veins.  ̂  

INFLAliMATION.     (Hepatitis.) 

Acute  Exudative  Hepatitis  (Punilent  Hepatitis). — ^Purulent  or  suppura- 
tive inflammation  of  the  liver  may  be  the  result  of  injury;  it  may  be 

secondary  to  inflammation  of  the  gall-ducts  or  the  branches  of  the  portal 
vein.  It  may  occur  as  the  result  of  the  presence  of  tumors  and  parasites, 
or  from  propagation  of  an  inflammatory  process  from  without,  as  in  ulcer 
of  the  stomach  with  adhesions  to  the  liver  and  secondary  involvement  of 
the  latter.  It  is  often  directly  due  to  the  introduction  of  bacteria  into 

the  organ,  through  the  blood-vessels  or  gall-ducts  or  otherwise.  Puru- 
lent inflammation  in  the  liver  almost  alwavs  results  in  abscess. 

Large  abscesses  of  the  liver  may  be  traumatic,  but  are  often  due  to 
unknown  causes.  They  are  not  infrequently  associated  with  dysentery, 
and  may  then  be  due  to  the  conveyance  of  micro-organisms  through  the 
veins,  or  lymph-channels,  or  peritoneum,  or  gall-ducts  from  the  intestinal 
ulcers.  Such  abscesses  may  be  due  to  the  presence  of  the  amoeba  coli. 

They  occur  most  frequently  in  tropical  climates — hence  the  name  tropical 
abscess — but  are  not  very  uncommon  in  the  temperate  zone.  They  are 
usually  single,  but  there  may  be  several  of  them.  They  are  sometimes 
so  large  as  to  occupy  a  large  part  of  the  lobe.  They  are  most  frequent 
in  the  right  lobe,  but  may  occur  in  any  part  of  the  organ.  They  tend  to 
enlarge,  and  as  they  do  so  they  approach  the  surface  of  the  liver.  Here 
the  contents  of  the  abscess  may  be  discharged  into  the  peritoneal  cavity. 
More  frequently,  however,  as  they  approach  the  surface,  a  localized 
adhesive  peritonitis  ensues,  so  that  the  liver  becomes  bound  to  adjacent 
parts,  and  thus  the  abscess  may  open  into  the  pleural  cavity,  or,  owing 
to  a  secondary  pleurisy  with  adhesions,  into  the  lung  tissue.  They  may 
open  into  the  pericardium.  They  may  open  externally  through  the 
abdominal  wall;  into  the  stomach,  duodenum,  colon,  or  pelvis  of  the  right 
kidney;  into  the  hepatic  veins,  portal  vein,  vena  cava,  or  gall-bladder 
or  gall-ducts. 

The  early  stages  in  the  formation  of  large  abscesses  of  the  liver  are 

>  .See  Brill  and  Libm<in,  Jour.  Exp.  Med.,  vol.  iv.,  p.  541,  1S99. 
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but  little  known.  It  is  probable,  however,  that  in  many  cases  they  are 

the  result  of  the  confluence  of  smaller  abscesses  (Fig,  488).  Their  con- 
tents, usually  bad-smelling,  may  be  thick  and  yellow  like  ordinary  pus, 

but  more  commonly  they  are  thin,  reddish-brown,  or  greenish  in  color 
from  admi.\ture  with  the  pus  of  blood,  gall  pigment,  and  broken-down 
liver  tissue.  MitToscopical  examination  shows  the  contents  to  consist  of 
fluid  with  pus  cells,  more  or  less  degenerated  blood,  degenerated  liver 

cells,  fragments  of  blood-vessels,  and  pigment  granules  and  crystals. 
The  walls  of  the  abscess  are  usually  ragged,  shreds  of  necrotic  liver  tissue 
hanging  from  the  sides.     Microscopical  examination  of  the  liver  ti.ssue 

near  the  abscess  shows  infiltration  with  pus,  flattening  of  the  liver  cells 
from  pressure,  cloudy  swelling,  and  necrosis  of  those  lying  along  the 

cavity.' 
The  amoebic  abscesses  are  usually  free  from  bacteria.  Other  abscesses 

may  contain  the  Bacillus  coli  communis  or  the  Streptococcus  pyogenes 
or  Staphylococcus  pyogenes. 

Not  infrequently,  however,  especially  in  old  abscesses,  examination 

both  morphological  and  cultural  fails  to  reveal  the  presence  of  micro- 
organisms. 

After  the  discharge  of  the  contents  of  the  abscess  or  without  this,  if 
it  be  not  very  large,  granulation  tissue  may  form  in  the  wall  of  the  cavity 
and  a  fibrous  capsule  be  produced,  enclosing  the  contents,  which  become 
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thickened  and  often  calcareous,  ami  in  this  condition  may  remain  for  a 
long  time.  Or  the  connective-tissue  walls  may  approach  one  another 
and  join,  forming  a  fibrous  cicatrix  at  the  seat  of  the  abscess. 

Small  mulliple  metastatic  abscesses  are  not  infrequent  in  pya-mia.  In 
these  abscesses  we  can  readily  study  the  various  stages  of  formation. 

Suppurative  processes  in  any  part  of  the  body — in  the  head,  upper  and 
lower  extremities,  etc. — may  act  as  distributing  centres  for  micro- 

organisms.' These,  entering  the  circulation,  may  pass  the  heart  and 
pulmonary  capillaries,  with  or  without  inducing  lesions  in  the  lungs,  and, 
lodging  in  the  vessels  of  the  liver,  induce  circumscribed  necrosis  of  the 
liver  tissue  (see  Fig.  56,  p.  89)  and  suppurative  inflammation.  Under 
these  conditions  we  may  find  on  section  of  the  liver  larger  and  smaller 
yellowish  or  grayish  spots,  the  larger  of  which  may  be  soft  and  present 

the  usual  characters  of  abscewses.  The  smaller,  which  may  not  be  larger 

than  a  pin's  head,  may  present  the  usual  consistence  of  liver  tissue  with 
the  lobular  structure  still  evident;  others  may  be  softer,  more  yellow, 
and  surrounded  by  a  zone  of  hypencmic  liver  tissue.  Microscopical 
examination  of  the  earlier  stages  often  shows  the  blood-vessels  filled  with 
bacteria,  scattered  and  in  masses.  Around  these  the  liver  cells  are  found 
in  various  stages  of  necrosis;  in  many  the  nuclei  do  not  stain  and  the 
bodies  are  very  granular,  or  the  entire  cell  is  broken  down  into  a  mass 
of  detritus.  About  these  necrotic  islets  of  liver  cells  pus  cells  collect 
and  often  form  a  zone  of  dense  infiltration  (Fig.  57,  p.  90).  Thus,  by 
the  increase  of  pus  cells  and  the  necrosis  of  liver  tissue,  small  abscesses 
are  formed  whose  contents  are  intermingled  with  greater  or  less  num- 

bers of  bacteria  (Kig.  474),  which  seem  to  increase  in  number  as  the 
process  goes  on.     By  the  confluence  of  small  abscesses  larger  ones  may 

I  Kniat  and  Paiquale.  ZeiUrhr.  f.  Hygiene  u.  Inrkr..  Bil.  xvi.,  p.  1,  I8U4.    . 
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be  formed.     Death  usually  ensues,  however,  before  the  abscesses  attain 
a  very  large  size. 

Chronic  Interstitial  Hepatitis  (Cirrliosis).'— The  most  marked  result  of 
chronic  interstitial  hepatitis  is  the  formation  of  new  connective  tissue  in 
the  liver.  The  character,  amount,  and  distribution  of  the  new  tissue 
vary  greatly  in  different  cases.  Secondarily  there  are  usually  marked 
changes  in  the  liver  cells  and  in  the  blood-vessels  and  gall-duets.  The 
new  tissue  is  most  commonly  formed  and  most  abundant  in  the  periphery 

e.— Cmbonic    IntEHSTITIj 

of  the  lobules  along  the  so-called  capsule  of  Glisson,  but  it  may  extend 
into  the  lobules  between  the  liver  cells.  It  may  surround  single  lobulea, 
or  more  frequently  larger  and  smaller  groups  of  lobules  (Fig.  475).  It 
may  occur  in  broad  or  narrow,  irregular  streaks  or  bands  and  is  associated 
with  the  old  fibrous  stroma  of  the  organ.  It  is  frequently  more  abundant 
in  one  part  of  the  liver  than  in  another.  The  new-formed  tissue  tends 
to  contract,  an<J  thus  compromise  by  pressure  the  enclosed  islets  of  liver 
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tissue,  causing  them  to  project,  in  larger  and  smaller  nodules,  from  the 
surface  of  the  organ.  The  liver  cells  may  be  flattened  or  atrophied  from 
pressure;  or,  from  interference  with  the  portal  circulation,  they  may 
atrophy  or  become  fatty;  or  they  may  become  colored  with  bile  pig- 

ment.    This  form  of  lesion  is  called  atrophic  cirrhosis. 
The  varied  appearances  which  cirrhotic  livers  present  to  the  naked 

eye  depend  largely  upon  the  amount  and  distribution  of  the  new  con- 
nective tissue  and  upon  the  secondary  changes  in  the  liver  cells.  The 

surface  may  be  very  rough  and  uneven  from  the  projection  of  larger 

and  smaller  irregular-shaped  nodules  of  liver  tissue  (Fig.  476)  between 
which  are  the  depres.'ted  contracted  bands  of  new-formed  connective 

tissue.  On  the  other  humi,  the  surface  of  the  liver  may  be  smooth,  when 
the  new  connective-tissue  bands  are  small,  evenly  distributed,  or  little 
contracted.  Again  the  liver  may  be  greatly  distorted  and  misshapen 
by  the  atrophy  of  the  parenchyma  and  the  contraction  of  large  and 
irregular  bands  or  masses  of  now  connective  tissue.  In  sections  through 

cirrhotic  livers  the  new  tissue  may  not  be  visible  to  the  naked  eye,  or  it 
may  appear  as  grayish,  irregular  streaks,  or  bands,  or  patches,  often 
sharply  outlined  against  the  dark-red,  or  brown,  or  yellow,  or  greenish 
yellow  parenchyma.  When,  as  is  often  the  case,  fatty  infiltration  is 

associated  with  atrophic  cirrhosis,  the  liver  may  not  only  not  be  dimin- 
i.shed  in  size,  but  may  be  larger  than  normal. 
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On  microscopical  examination  the  new  connei-tive  tissue  is  found  in 
some  cases  loose  in  texture  and  containing  many  variously  shaped  cells; 
or  it  may  be  dense  and  contain  comparatively  few  cells;  it  is  usually 

quite  vascular  and  contains  a  relatively  large  number  of  elastic  fibrils.' 
The  connective  tissue  is  most  abundant  between  the  lobular  masses  of 

liver  parenchyma,  but  it  may  encroach  more  or  less  upon  their  periph- 
eries. Kmall  gall-ducts,  some  of  them  at  least  apparently  new-formed, 

are  usually  present  in  the  connective 
tissue  around  the  islets  of  parenchyma 
(Fig.  477) .  Some  of  these  may  usually 
be  found  continuous  with  the  old 

ducts  or  gall  capillaries.  Sometimes 
rows  of  more  or  less  cuboidal  cells  in 
the  connective  tissue  appear  to  be 
liver  cells  which  have  reverted  to  a 

simpler  type  (Fig.  478).'  From  the 
old  liver  cells  or  from  the  cells  of  the 

new-formed  gall-ducts  new  liver  cells 
are  produced  so  that  here  as  in  certain 

cases  of  acute  yellow  atrophy  a  repar- 
ative process  is  initiated  and  a  certain 

amount  of  new  parenchyma  may 

form.' The  branches  of  the  hepatic  and 
portal  veins,  particularly  the  latter, 
often  become  obliterated  by  pressure         fig,  47«.— niw-cohmeo  gall-ductk 

from  the  new   connective   tissue   or  ,    '"  c-'""""»"*- 
from  chronic  thickening  of  their  walls,   new  co^^tive  'tiKue  (iBm"the  "row,™!"  om 
so      as      seriously      to      interfere     with     liver  mIIb,  of  m11  mflasea  reacmblinK  gnll^^ucl 
the    functions     and    nutrition     of    the     example  of  levenkiD  of  Uie  dlfTvivDlinleJ  liver 

liver  cells.''  The  bile-ducts  also  may  ̂ ii"  «">  »™pier  type. 
become  obliterated,  or  there  may  be  catarrhal  inflammation,  especially 
of  the  larger  trunks.  The  branches  of  the  hepatic  artery  are  much  less 
liable  to  alterations  than  the  other  vessels.  The  capsule  of  the  liver  is 

usuallj'  thickened,  either  uniformly  or  in  irregular  patches;  or  its  surface 
may  be  roughened  by  larger  and  smaller  papillary  projections.  The 
liver  is  frequently  bound  to  the  diaphragm  or  other  adjacent  organs  by 
connective-tissue  adhesions.  Amyloid  and  fatty  degeneration  may  be 
associated  with  cirrhosis.  Cirrhotic  livera  frequently  show  an  unusual 

number  of  leucocytes  in  the  blood-vessels. 
The  obstruction  to  the  portal  circulation  induced  by  cirrhosis  usually 

gives  rise  to  a  number  of  secondary  lesions,  since  collateral  circulation 
is  rarely  established  in  sufficient  degree  to  afford  much  relief.  The 
haemorrhoidal  and  vesical  veins  may  be  greatly  enlarged,  and  also  veins 

I  For  a  study  of  the  chnrarler  of  the  new  connective  tissue  in  eirrhwis  so*  Flezncr,  Univeraily 
Me.licnl  Mogniiae.  vol.  xiii..  p.  6n.  IHUU. 

'  For  eonsiilenitioQ  of  revcraion  see  p.  ffii, 
'.-ieeref.  ,Mi«V,  p.  717. 
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of  communication  between  Glisson^s   capsule  and   the   diaphragmatic 
veins. 

In  rare  cases  a  very  peculiar  dilatation  of  the  cutaneous  veins  about 
the  umbilicus  is  observed.  The  enlarged  veins  form  a  circular  network 
around  the  umbilicus,  or  a  pyramidal  tumor  beside  it,  or  all  the  veins  of 
the  abdominal  wall,  from  the  epigastrium  to  the  inguinal  region,  are 
dilated.  This  condition  is  said  to  be  dependent  upon  the  congenital 
non-closure  and  subsequent  dilatation  of  the  umbilical  vein  and  its  anas- 

tomoses with  the  internal  mammary,  epigastric,  and  cutaneous  veins. 
According  to  Sappey,  it  is  not  the  umbilical  vein  which  is  dilated,  but  a 
vein  which  accompanies  the  ligamentum  teres. 

There  is  very  frecjuently  also  a  dilatation  of  the  veins  of  the  abdom- 
inal wall,  which  has  a  different  origin.  It  is  produced  by  the  pressure  of 

the  fluid  of  ascites  on  the  vena  cava,  and  is  found  with  ascites  from  any 
cause  and  with  abdominal  tumors. 

Ascites  is  the  most  common  secondary  lesion  of  atrophic  cirrhosis. 
It  usually  begins  at  an  early  stage  of  the  disease,  and  is  apt  to  increase 
constantly.  It  generally  precedes  oedema  of  the  feet,  but  both  may 
appear  at  the  same  time.  This  fluid  is  of  a  clear  yellow  or  brown,  green 
or  red;  it  is  sometimes  mixed  with  shreds  of  fibrin,  and  more  rarely 
with  blood.  The  peritoneum  remains  normal,  or  becomes  opaque  and 
thick,  or  there  may  be  adhesions  between  the  viscera. 

The  spleen  is  very  frequently  enlarged,  and  the  enlargement  may  be 
considerable.  When  it  is  not  increased  in  size  this  seems  usually  due 
to  previous  atrophy  of  the  organ,  or  to  fibrous  thickening  of  its  capsule, 
or  to  hsemorrhages  from  the  stomach  and  bowels  occurring  just  before 
death. 

The  pancreas  is  usually  the  seat  of  more  or  less  marked  interstitial 

hyperplasia.^ The  stomach  and  intestines  are  often  secondarily  affected  by  the 
obstruction  to  the  portal  circulation.  Profuse  haemorrhage  from  the 
stomach  and  intestines  may  occur  and  sometimes  cause  sudden  death. 
The  mucous  membrane  is  then  found  pale,  or  congested,  or  with  hsemor- 
rhagic  erosions.  The  haemorrhage  not  infrequently  results  froi^i  rupture 

of  oesophageal  varices  w^hich  are  present,  especially  in  the  low^er  portion, 
in  a  noteworthy  proportion  of  cases  of  atrophic  cirrhosis.*  Sometimes 
the  blood  is  infiltrated  in  the  coats  of  the  stomach  and  intestines. 

The  mucous  membrane  of  the  stomach,  and  of  the  entire  length  of  the 
intestines,  is  frequently  the  seat  of  chronic  catarrhal  inflammation,  and 
is  sometimes  uniformly  and  intensely  congested  and  coated  with  mucus. 
In  other  cases  both  the  mucous  and  muscular  coats  are  pale,  but  very 
markedly  thickened. 

Cirrhosis  of  the  liver  is  not  infrequently  accompanied  by  chronic 
diffuse  nephritis. 

Hypertrophic  Cirrhosis. — There  is  a  form  of  interstitial  hepatitis  in 

*  For  a  study  of  pancreas  lesions  in  hepatic  cirrhosis  see  Lando,  Zeits.  f.  Heilkunde,  Abt.  f.  path. 
Anat.,  Bd.  xxvii.,  p.  1,  1906. 

'  For  a  critical  summarj'  of  gastro-int^stinal  haemorrhage  in  cirrhosis,  with  bibliography,  see 
Prefc/e,  Am.  Jour.  Med.  Sci.,  vol.  cxix.,  p.  263,  1900. 
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which  the  growth  of  new  tissue  not  only  occurs  between  the  lobules,  but 
extends  into  the  lobule  between  the  liver  cells  (Fig.  479).  Under  these 
conditions  even  in  advanced  forms  of  the  lesion  the  iiver  may  be  enlarged, 
the  surface  may  be  smooth  or  slightly  roughened,  the  parenchyma  is 
often  bile-stained.  This  form  of  interstitial  hepatitis  is  called  hyper- 
trophic  cirrhosis.  There  is  a  form  of  interstitial  hepatitis,  usually  of  the 
hypertrophic  type,  in  which  the  growth  of  connective  tissue  is  most 
marked  in  the  vicinity  of  the  smaller  bile-ducts.  This  often  occurs  in  con- 

nection with  obstruction  of  the  bile-ducts,  and  the  lesion  is  called  biliai-y 
cirrhosis.  In  "biliary  cirrhosis"  marked  jaundice  is  said  to  be  common, 
while  ascites  is  moderate  or  absent.  In  certain  cases  there  is  a  marked 

difference  in  the  gross  and  microscopic  appearance  in  atrophic  and  hyper- 

trophic cirrhosis,  but  intermediate  forms  occur.  The  difference  in  the 
conditions  which  lead  to  these  two  forms  of  cirrhosis  of  the  liver,  the 
atrophic  and  the  hypertrophic,  is  not  yet  clear,  and  the  distinctions 

which  have  been  made  between  them,  in  part  clinical,  in  part  morpho- 
logical, are  often  unsatisfactory. 

The  causes  of  cirrho.sis  are  imperfectly  understood.  It  is  a  disease 

of  adult  life,  but  exceptionally  occurs  in  children.'  Congenital  cirrhosis 
with  obliteration  of  the  bile-duct  is  of  occasional  occurrence.'  In  adults 
it  seems  in  many  cases  to  be  directly  dependent  upon  the  continued 
ingestion  of  large  quantities  of  strong  alcoholic  liquors.  It  very  rarely 
occurs  as  a  result  of  beer  drinking. 

Doubtless  many  of  the  irregular  cirrhotic  lesions  are  the  result  of 
repair  in  antecedent  necroses  and  profound  degenerative  processes  like 
the  so-called  acute  yellow  atrophy  of  the  liver, 

iPorar^sun^offirrhosisinphiLahoodscfAforsr.  BoslonMed.  nmlSuix.  Jour.Svptcmberll.lMri. 
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There  are  many  cases  of  cirrhosis  for  which  no  primary  inciting 
condition  can  be  discovered. 

The  Nature  of  Cirrhosis. — Cirrhosis  of  the  liver  was  formerly  believed 
to  be  primarily  a  productive  inflammation  of  the  interstitial  fibrous 
tissue  with  secondary  atrophy  of  the  parenchyma.  It  is  now  clear, 

however,  that  in  most  instances  it  is  primarily  due  to  atrophic  or  destruc- 
tive changes  in  the  liver  cells  which  precede  or  accompany  the  formation 

of  the  fibrous  tissue,  and  the  regenerative  processes  in  the  liver  cells  and 

gall-ducts.  The  lesion  is  thus  more  properly  considered  as  a  replace- 
ment hyperplasia.  This  marks  cirrhosis  of  the  liver  as  a  reparative 

process.^ 
EXPERmENTAL  CIRRHOSIS. 

The  attempt  has  often  been  made  to  induce  cirrhosis  of  the  liver  in 

animals.^  Interstitial  lesions  have  been  secured  in  many  ways,  but  in 
extent  and  character  most  of  them  differ  widely  from  cirrhosis  in  man. 

Recently,  however,  chloroform  has  been  used  for  this  purpose. 
Among  the  most  striking  results  of  the  action  of  this  agent  are  those 

secured  by  Opie,'  who  found  that  by  the  administration  of  chloroform 
to  dogs  by  the  stomach  in  small  doses,  frequently  repeated  so  as  to 
thwart  the  immediate  restitution  of  liver  cells  (see  p.  727),  sclerotic 

changes  presently  set  in,  marked  by  new  connective-tissue,  new  bile-duct 
formation,  etc.,  so  that  the  lesion  is  fairly  comparable  with  that  of 
cirrhosis  in  man. 

Opie  further  found  that  by  associating  with  the  chloroform  admin- 
istration injections  of  Bacillus  coli,  lesions  may  be  induced  still  more 

clearly  resembling  those  of  advanced  cirrhosis  in  man,  with  active  new 

formation  of  gall-ducts.* 
Welch*  has  described  the  occurrence  of  small  circumscribed  areas  of 

fibrous  tissue  in  the  liver,  replacing  liver  cells  and  containing  coal  pig- 
ment.    This  rare  lesion  he  has  called  cirrhosis  hepatis  anthracotica. 

Syphilitic  Hepatitis. — Chronic  interstitial  inflammation  of  the  liver 
very  frequently  results  from  syphilitic  infection,  either  congenitally  or 
in  the  later  stages  of  the  acquired  form.  It  may  occur  in  a  diffuse  man- 

ner, new  connective  tissue  being  formed  either  between  the  lobules,  or 
within  them  between  the  rows  of  liver  cells.  The  new  tissue  mav  be 

rich  in  cells,  or  dense  and  firm."  This  form  is  frequently  seen  in  children, 
and  cannot  be  distinguished,  either  macroscopically  or  microscopically, 
from  similar  forms  of  interstitial  hepatitis  from  other  causes. 

*  For  genesis  of  liver  cirrhoals  see  Ribbcrt,  Deutach  Med,  Wochensehr.,  1908,  No.  39. 
'  Herter  and  WiUiams,  Proc.  Soc.  Exp.  Biol,  and  Med.,  iii.,  23,  1905. 
'  Opie,  Jour.  Exp.  Med.  xii.,  367,  1910. 
■*  For  a  further  study  of  the  reparative  phases  of  cirrhosis  see  MacCallum,  Jour.  Am.  Med.  Assn.,  vol. 

xliii.,  p.  649,  1904.  For  a  risum^  of  nature  and  lesions  of  cirrhosis  see  Kelly,  Am.  Jour.  Med.  Sci.,  vol. 
cxxx.,  p.  951,  1905.  See  for  studies  on  experimental  cirrhosis  of  the  liver  Pearce,  Jour.  Exp.  Med., 
vol.  viii.,  p.  64,  1906,  bibl.;  also  Jour.  Med.  Res.,  vol.  xv.,  p.  99.  1906.  For  a  study  of  circumacribed 
lesions  of  the  liver  parenchyma  in  cirrhosis  see  r.  Gour&cilch,  Zeits.  f.  Heilkunde,  Abt.  f.  path.  Anat., 
Bd.  xxvii.,  p.  303,  1906 

^  Welch,  "('irrhosis  hepatis  anthracotica,  Johns  Hopkins  Hosp.  Bull.,  vol.  ii.,  p.  32,  1891. 
^  For  a  description  of  congenital  liver  cirrhosis  with  giant  cells  see  Binder,  Virch.  Arch.,  Bd.  clxxvii. 

p.  44,  1904. 
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In  other  cases,  particularly  in  children,  there  may  be  numerous  small 

gumniata  (so-called  miliary  gummata)  (Fig.  160,  p.  274)  scattered 
through  the  liver,  together  with  more  or  less  new  connective  tissue. 
An  extensive  formation  of  giant  cells  in  the  liver  has  been  described 

in  connection  with  congenital  syphilis.'  In  adults,  gummata  are  usually 
larger,  varying  in  size  from  that  of  a  pea  to  a  hen  'a  egg,  and  may  be 
surrounded  by  larger  and  smaller  irregular  zones  of  ordinary  connective 
tissue  (Fig.  480).  In  still  other  cases  in  adults  there  are  larger  and 
smaller  dense,  irregular  bands  or  masses  of  connective  tissue  running 
through  the  liver,  drawing  in  the  capsule  and  often  causing  great  defor- 

mity of  the  organ  (Fig.  481).     These  bands  and  masses  of  new  tissue 

Fig.  4«0.— Guhha  or  Liver. 

a,  ChpHy  cpDlTT':  6,  fibrous  periphery;  r.  Bmall-relled  ppripheral  infillnition:  rf,  poHioiiB  of  liver  lobulei, 

may  or  may  not  enclose  gummata,  either  large  or  small.  These  deform- 
ing cicatrices,  either  with  or  without  gummata,  are  very  characteristic 

of  syphilitic  inflammation  of  the  liver. 
This,  like  the  simple  interstitial  inflammation  of  the  liver,  may  be 

associated  with  fatty  and  waxy  degeneration,  and  with  atrophy  of  the 
parenchyma  from  pressure. 

Tuberculous  Hepatitis. — This  lesion,  which  is  usually  secondary  to 
tuberculous  inflammation  in  some  other  part  of  the  body,  or  a  part  of 
acute  general  miliary  tuberculosis,  is  most  frequently  characterized  by 
the  formation  of  larger  and  smaller  miliary  tubercles,  which  may  be 
either  within  or  between  the  liver  lobules  or  in  the  walls  of  the  bile-ducts. 
Many  of  the  tubercles  are  too  small  to  be  seen  with  the  naked  eye; 
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others  may  be  just  visible  as  grayish  points;  still  others  may  be  from  1 
to  3  min.  in  diameter,  with  distinct  yellowish- white  centres.  Micro- 

scopical examination  shows  considerable  variation  in  the  structure  of 
the  tubercles  in  different  cases,  as  well  as  in  the  same  liver.  Some  of 

them,  usually  the  smaller  ones,  consist  simply  of  more  or  less  circum- 
scribed collections  of  small  spheroidal  cells,  which  are  not  morphologically 

distinguishable,  so  far  as  the  form  and  arrangement  of  the  cells  are 
concerned,  from  pimple  inflammatory  foci,  or  from  the  diffuse  i 
of  lymphatic  tissue  which  oceur  normally  in  the  liver. 

In  other  forms  we  find  a  ivell-marked  reticulum  with  larger  and 
smaller  spheroidal  and  polyhedral  cells,  with  or  without  giant  cells.  In 
still  other  forms  there  is  more  or  less  extensive  cheesy  degeneration 
(Fig.  482).  Tho  larger  forms  are  conglomerate,  being  composed  of  several 
tubercle  granula  joined  together  to  form  a  single  nodular  mass.  The  liver 
cells  at.  the  seat  of  the  tubercle  are  destroyed,  and  the  interstitial  tissue 

and  bloo<l-vessels  are  either  destroyed  or  merged  into  the  tubercle  tissue. 
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In  the  periphery  of  the  tubercles  the  liver  cella  may  be  in  a  condition 
of  coagulation  necrosiB,  and  the  tissue  round  about  may  be  infiltrated 
with  small  spheroidal  cells.  There  is  in  some  cases  a  new  formation  of 
gall-ducts  or  of  structures  which  resemble  these  and  which  in  transverse 
sections  resemble  giant  cells.  Tubercle  bacilli,  frequently  in  small 
numbers,  but  often  in  great  abundance,  may  be  found  within  the  tubercles. 

Tuberculosis  of  the  liver  may  be  associated  with  cirrhosis,  or  waxy 
and  fatty  degeneration. 

Much  more  rarely  than  the  above  form  there  are  found  in  the  liver 
more  or  less  numerous  scattered  tuberculous  masses  from  the  size  of  a  pea 
to  that  of  a  walnut  or  larger,  with  cheesy  centres  and  usually  a  new 

Fia.  4S2. — A  MiUabt  Tvbskcle  op  the  Livaa. 

growth  of  connective  tissue  in  the  periphery.  These  ao-called  solitary 
tubercles  of  the  liver  may  be  softened  at  the  centres.  Tuberculous  inflam- 

mation of  the  gall-ducts  may  give  rise  to  numerous  scattered,  cheesy 
nodules,  as  large  as  a  pea  or  larger,  which  may  be  softened  at  the  centre 

and  stained  yellow  with  bile.  Small  cavities  may  thus  be  formed.'' 
This  lesion  is  rare  and  seems  to  be  more  frequent  in  children  than  in 
atlults. 

Perihepatitis. — Acute  exudaticc  inflammation  of  the  serous  covering  of 
the  liver,  with  the  formation  of  fibrin,  may  occur  as  a  part  of  acute  gen- 

eral or  localized  peritonitis,  or  over  the  surface  of  abscesses,  tumors, 
hydatids,  etc.,  of  the  organ,  when  those  lie  near  or  approach  the  surface; 
or  it  may  be  secondary  to  acute  pleurisy. 
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Chronic  perihepatitis y  resulting  in  the  thickening  of  the  capsule  of  the 
liver,  and  the  formation  of  new  connective  tissue  in  and  beneath  it  may 
be  secondary  to  an  acute  inflammation  of  the  capsule,  or  it  may  be 
chronic  from  the  beginning  and  associated  with  chronic  pleurisy,  chronic 
peritonitis,  and  cirrhosis.  In  this  way  more  or  less  extensive  adhesions 
of  the  liver  to  adjacent  structures  may  be  formed;  or,  by  contraction  of 

the  new-formed  connective  tissue,  considerable  deformity  of  the  liver  may 
be  produced.  The  capsule  is  sometimes  uniformly  thickened,  sometimes 
the  new  tissue  occurs  in  more  or  less  sharply  circumscribed  patches.  The 
surface  is  sometimes  roughened  from  little,  irregular,  projecting  masses 

of  connective  tissue.  Microscopically  the  new-formed  tissue  is  usually 
dense  and  firm,  but  it  may  be  loose  in  texture  and  contain  many  cells. 
Not  infrequently  bands  or  masses  of  connective  tissue  run  inward  from 
the  thickened  capsule  between  the  superficial  lobules,  causing  localized 
atrophy  of  the  parenchyma. 

HYPERPLASIA  OF  LYMPHATIC  TISSUE  IN  THE  LIVER. 

In  some  forms  of  leukaemia  and  pseudo-leukaemia  the  liver  is  not 
infrequently  enlarged  and  soft  and  besprinkled  with  small  white  spots,  or 
streaked  with  narrow  whitish,  irregular  bands,  or  it  may  be  of  a  diffuse 
grayish  color.  Microscopical  examination  shows  this  change  to  be  due 
to  an  accumulation  of  cells  resembling  leucocytes,  either  along  the  portal 
vein,  or  diiTusely  through  the  liver  tissue,  or  in  small  circumscribed 
masses.  The  amount  of  accumulation  of  these  small  cells  varies  much, 
but  is  sometimes  so  great  as  seriously  to  compromise  the  liver  cells.  The 
origin  of  these  new  cells  is  not  yet  definitely  known.  They  may  be,  and 
doubtless  in  part  are,  brought  to  the  organ  through  the  portal  vein;  but 
they  may,  in  part  at  least,  be  formed  in  the  liver  itself,  possibly  from  the 
capillary  endothelium. 

In  typhoid  fever,  smallpox,  scarlatina,  diphtheria,  and  measles,  small 
circumscribed  masses  of  spheroidal  cells  are  sometimes  found  in  the 
liver.  These  nodules  differ  in  character,  some  are  due  to  focal  necroses, 
such  as  occur  in  various  toxaemias  with  a  later  multiplication  of  cells  or 
invasion  of  leucocytes.  In  some,  as  in  typhoid  fever,  there  is  necrosis 
with  proliferation  of  endothelium  (see  p.  241).  Finally,  some  of  the 
small  masses  of  spheroidal  cells  encountered  in  the  liver  in  infectious 

diseases  are  doubtless  hyperplastic  lymph-nodules.^ 

TUMORS  OF  THE  LIVER. 

Tumors  of  the  liver  may  be  primary  or  secondary;  the  latter  are 
most  common. 

Cavernous  Angiomata. — These  tumors,  usually  small,  are  most  com- 
mon in  elderly  persons  and  are  of  no  practical  significance.  They  may  be 

situated  at  the  surface  (Fig.  483)  or  embedded  in  the  organ,  and  are  of 

a  dark  red  color;  sometimes  sharply  circumscribed  by  a  connective- 

>  For  changes  in  the  blood  in  diseases  of  the  liver  consult  Ewing's  "Clinical  Pathologj'  of  the  Blood." 
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tissue  capsule,  sometimes  merging  imperceptibly  into  the  adjacent  liver 
tissue.  Microscopically  they  consist  of  a  congeries  of  irregular  cavities 
(Fig.  239,  p.  394)  filled  with  blood  and  frequently  communicating 
freely  with  one  another.  The  walls  of  the  cavities  consist  of  connective 

tissue,  often  containing  small  blood-vessels,  and  are  sometimes  thick, 
sometimes  thin.  They  are  believed  to  be  formed  by  dilatation  of  the 
liver  capillaries,  with  subsequent  thickening  of  their  walls  and  atrophy 
of  the  adjacent  liver  cells.  By  the  organization  of  clots  within  the  blood 
cavities  these  tumors  may  be  partially  or  entirely  converted  into  masses 
of  dense  fibrous  tissue.' 

Small  fibromata  and  tlpomata  have  been  described,  also  fibro-neuro- 
mata  of  the  .sympathetic.  Endothelioma  and  hypernephroma  are 
recorded. 

Adenomata  of  the  liver  are  of  not  infrequent  occurrence.  They  are 
sometimes  small  and  circumscribed,  sometimes  very  large  and  multiple. 
They  present  two  tolerably  distinct  types  of  structure.  In  one  form  the 
tissue  presents  essentially  the  same  structure  as  normal  liver  tissue, 

except  that  the  arrangement  of' the  cells  is  less  uniform  and  the  ceils  are 
apt  to  be  larger.  They  look  like  little  islets  of  liver  tissue,  sometimes 
encapsulated  and  sometimes  not,  lying  in  the  liver  parenchyma.  In  the 
other  form  the  cells  are  less  like  liver  ceils,  are  frequently  cylindrical, 
and  are  arranged  in  the  form  of  irregular  masses  of  tubular  structures 
with  more  or  less  weii-defined  iumina.  These  tumors  are  sometimes 
large  and  multiple,  and  in  one  case  described  by  Greenfield  there  were 
metastatic  tumors  in  the  lungs.     These  tubular  adenomata  are  in  some 

^SetMerirl.  Ziegler'B  Beilr.,  BH.  xxxvi  .  p.  574.  IWH. 
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cases  so  closely  similar  to  some  of  the  carcinomata  as  to  be  scarcely  dis- 
tinguishable from  them,  and  seem,  indeed,  to  merge  into  them,' 

Aberrant  nodules  of  adrenal  tissue  have  been  found  in  the  liver  and 

may  be  mistaken  for  adenomata.'     Cysts  may  develop  in  adenomata.' 
Carcinomata  are  the  most  common  and  important  of  the  liver  tumors, 

and  may  be  primary  and  secondary.  Primary  carcinomata  of  the  liver 
are  probably  developed  from  the  epithelium  of  the  gall-ducts,  and  in  some 
cases  are  arranged  along  the  larger  trunks.  The  cells  are  usually  poly- 

hedral, sometimes  cylindrical,  and  may  be  arranged  irregularly  in  alveoli 
or  form  more  or  less  well-defined  tubular  structures.* 

Secondary  carcinoma  of  the  liver,  which  is  by  far  the  most  common,  is 
usually  due  to  the  dissemination  in  the  organ  of  tumor  ceils  from  carci- 

nomata of  the  stomach,  intestines,  pancrea.s,  or  gall-bladder.  But  it 
may  be  the  result  of  metastases  from  the  mamma,  CGsophagus,  uterus, 
and  various  other  parts  of  the  body.  In  secondary  carcinoma  the  cells 
resemble  more  or  less  closely  the  type  of  those  forming  the  primary  tumor. 

The  form  in  which  the  carcinoma  in  the  liver  occurs  varies  consider- 
ably. Sometimes  the  tumors  are  single,  but  more  often  multiple  (Fig- 

484);  they  may  be  very  large,  or  so  small  as  to  be  scarcely  visible  to  the 
naked  eye;  very  frequently  numerous  small  nodules  are  grouped  in  the 
periphery  of  a  larger  one.  They  are  sometimes  deeply  enibedded  in  the 
liver,  sometimes  they  project  from  the  surface.  The  liver  is  frequently 
and  sometimes  enormously  enlarged.    The  nodules  are  usually  whitish  or 

<  SakohS  hH3  it(»cril)c.l  bd  ndeno-carcinoma  of  the  liver  H'i1}i  i-iliutcd  cells,  Virchow'a  Arch..  Bd. 
clxii.,  p.  I.IWW.  hibl.  ofnllicaiumnn<.  See  al'«i  Heriheimrr,  CM.  !.  Path.,  lid.  xui..lWI2.  p.  705.  For 
o  study  o[  tlie  origin  and  growUi  of  liver  ndeaoma  are  WiliaU.  Zicgler'a  Beitr.,  Bd.  xxxbc.,  p.  45fl, 
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yellowish  or  pink  in  color  or  bile-stained,  and  they  are  often  the  seat  of 
haemorrhages,  and  may  become  softened  at  the  centre,  forming  cysts  filled 
with  degenerated  tumor  tissue  often  mixed  with  blood.  The  nodules  are 

sometimes  hard,  sometimes  soft  and  almost  diffluent.  Fatty  degenera- 
tion in  the  tumor  is  frequent,  and  may  be  recognized  by  yellowish  streaks 

or  patches  on  the  sections.  Owing  to  the  degeneration  and  partial  absorp- 
tion of  the  central  portions  of  the  tumors,  the  nodules  on  the  surface  of 

the  liver  frequently  present  a  shallow  depression  at  the  centre.  The 
tumors  may  be  sharply  outlined  against  the  adjacent  liver  tissue,  or  may 
merge  imperceptibly  into  it.  They  may  be  so  large  or  numerous  as  to 
occupy  the  greater  part  of  the  enlarged  organ.  The  neighboring  liver 
cells  may  be  flattened  and  atrophic.  The  tumors  may  press  upon  the 
portal  vein  or  its  branches,  or  upon  the  gall-ducts,  and  thus  seriously 
interfere  with  the  functions  of  the  organ.  Sometimes,  however,  the 
tumors  are  very  large  and  numerous  without  apparent  interference  with 
the  function  of  the  liver.  Melanotic  carcinomata  sometimes  occur  in  the 

liver,  most  frequently  as  secondary  tumors. 
In  some  cases,  instead  of  forming  separate,  distinct  nodules,  the 

cancerous  growth  develops  in  the  form  of  a  diffuse  infiltration  of  the  organ, 
so  that  the  often  greatly  enlarged  liver  is  irregularly  mottled  with  white 
and  reddish  brown  masses,  and  may  then  somewhat  resemble  certain 
forms  of  chronic  interstitial  hepatitis. 

Sarcomata. — Spindle-  and  round-celled  sarcoma  and  angio-sarcoma 
are  among  the  more  frequent  types  of  the  rarely  occurring  primary 

sarcomata  of  the  liver.  ̂   Spindle-celled,  melanotic,  and  telangiectatic 
sarcomata  may  occur  in  the  liver  as  secondary  tumors.*  Secondary 
myxomata  and  chondromata  have  also  been  described,  but  they  are  very 
rare.     Cavernous  Ijrmphangiomata  have  been  described  in  a  few  cases. 

CYSTS  OF  THE  LIVER. 

Cysts,  usually  of  small  size,  may  be  formed  by  dilatation  of  the  bile- 
ducts.  They  may  be  multiple  and  contain  serum,  mucus,  and  degener- 

ated epithelium.  Single  cysts,  apparently  unconnected  with  the  gall- 
ducts,  are  occasionally  found  in  the  connective  tissue  of  the  liver.  They 
may  be  lined  with  ciliated  epithelium. 

The  liver  is  sometimes  the  seat  of  larger  and  smaller  single  or  mtiltiple 
cysts,  varying  from  microscopical  size  up  to  that  of  a  pea,  and  sometimes 
larger.  They  are  sometimes  associated  with  multiple  cysts  of  the  kid- 

ney and  with  congenital  anomalies  in  other  parts  of  the  body.  They 
may  be  associated  with  aberrant  bile-ducts  within  the  liver  in  which 

the  studies  of  Moschcowitz  show  that  they  probably  originate.'  A 
teratoma  of  the  liver  has  been  described  by  Misick.'* 

i  Arnold,  Ziegler's  Beitr.  z.  path.  Anat.,  Bd.  viii.,  p.  123,  1890;  also,  for  later  summary  of  primary 
liver  sarcoma,  Marx,  Chi.  f.  Path.,  Bd.  xv.,  p.  433,  1904. 

2  See  Hektoen  and  Herrick,  Trans.  Assn.  Am.  Phys.,  vol.  xiii,,  p.  3S5,  1898. 
'  See  for  study  of  non-parai<itic  cysts  of  the  liver,  with  bibl.,  Moschcowitz,  Am.  Jour.  Med.  Sci.,  vol. 

cxxxi.,  p.  674,  1906. 
*  Misick,  Jour.  Path,  and  Bact.,  vol.  v.,  p.  128,  1898. 

47 
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Foamy  Liver. — Occasionally  the  liver  is  found  at  the  autopsy,  even 
if  this  be  made  but  a  few  liours  after  deatli,  more  or  less  completely  rid- 

dled with  small,  irreguiar-ehaped  cavities,  from  the  size  of  a  pin 's  head  to 
that  of  a  pea.  These  holes  are  due  to  the  accumulation  of  gases  in  the 
liver,  formed  by  the  Bacillus  aerogenes  capsulatus.  This  is  the  so-called 
"foamy  liver"  (Fig.  485). 

The  liver  ia  riitclled  with  imall  holes  famiFd  by  the  aFcumulation  of  gna  developed  by  B.  nlragaiea 

PARASITES. 

Echlnococcus. — This  parasite  is  the  most  common  and  important  of 
those  which  occur  in  the  human  liver.  It  forms  the  so-called  hydatids  of 
the  liver.  These  represent  one  of  the  developmental  stages  of  the  small 
tapeworm  of  the  dog,  Tania  echinococcus  {see  p.  125).  The  cysts  in 
the  liver  may  be  very  small  and  multiple,  but  they  may  be  as  large  as 

a  man 's  head  or  larger.  The  liver  may  be  greatly  increased  in  size,  and 
the  tissue  about  the  cysts  atrophied.  The  liver  itself  furnishes  a  connec- 

tive-tissue capsule,  within  which  is  the  translucent,  lamellated  membrane 
furnished  by  the  parasite.  On  the  inside  of  this  we  may  find  a  layer  of 
cells,  granular  matter,  and  a  vascular  and  muscular  system  belonging  to 
the  parasite.  Projecting  from  this  inner  capsule  are  the  brood  capsules 
and  heads  or  scolices  of  the  immature  tapeworm.  The  scolices  may 
become  detached  from  the  wall  and  lie  free  in  the  cavity,  which  is  filled 
with  a  transparent  or  turbid  fluid.  Not  infrequently  the  cysts  are 
sterile,  and  are  then  simply  filled  with  clear  or  turbid  fluid ;  or  the  embryos 
may  have  died  and  disintegrated,  and  their  detritus,  including  the  hook- 
lets,  may  be  intermingled  with  the  fluid  contents  of  the  cysts.  The 
contents  of  the  cysts  may  be  mixed  with  fat,  choiesterin  crystals,  pus, 
bile,  or  blood;  or  form  a  grumous  mass,  in  which  we  may  or  may  not 
be  able  to  find  the  booklets  of  the  scolices  or  fragments  of  the  lamellated 
wall.  The  connective  tissue  of  the  walls  of  the  cysts  may  be  greatly 
thickened,  or  it  may  be  calcified. 

In  other  countries  the  lesion  is  much  more  common  and  frequently 
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more  formidable  than  in  the  United  States,  The  cysts  reach  an  enor- 
mous size,  the  veins  of  the  liver  may  be  compressed  and  filled  with 

thrombi,  the  bile-ducts  compressed  and  ulcerated.  So  much  of  the  liver 
tissue  may  be  replaced  by  the  hydatids  that  the  patient  may  die  from  this 
cause  alone.  Very  frequently  there  ia  local  peritonitis,  and  adhesions  are 
formed  between  the  liver  and  the  surrounding  parts.  In  some  cases  the 
cysts  rupture,  and  their  contents  are  emptied  into  the  peritoneal  cavity, 
the  stomach,  the  intestines,  the  pleural  cavity,  or  the  lung  tissue.  Some- 

times the  cysts  perforate  the  bile-ducts,  the  vena  cava,  or  some  of  the 
branches  of  the  portal  or  hepatic  veins;  or  the  abdominal  wall  is  per- 

forated and  a  fistula  formed  between  the  cavity  in  the  liver  and  the 
surface. 

Echinococcus  multilocularis  (see  p.  126),  which  is  apparently  an 
abortive  form  of  the  above  species,  is  very  rare  in  the  United  States 

(Fig.  4SG).' 
Distoma  hepaticum,  D.  sloense,  D.  lanceolatum,  may  occur  in  the  gall- 

ducts  and  gail-bladder.  D.  sinense  occurs  especially  in  the  East,  and  has 
been  found  in  great  numbers  in  the  bodies  of  Chinamen,  D.  heemato- 
bium  is  very  common  in  Egypt  and  Abyssinia,  occurring  in  the  blood- 

vessels of  the  liver. 

n  the  liver.     Thors  wore  no  hooltleta 
within  Ihe  cysts  in  this  <^ase.  but  the  ilelicstelv  lamellated  charucter  of  the 
for  a  diaffnoaifl. 

Pentastoma  deoticulatum  is  the  undeveloped  form  of  Pentastoma 
tfenioidea,  a  parasite  which  inhabits  the  nasal  cavity  of  dogs  and  some 
other  animals.  In  the  liver  of  man  it  usually  occurs  in  the  form  of 
small,  rounded,  calcified  cysta.  The  cysts  may  contain  fat,  calcareous 
matter,  and  the  remains  of  the  dead  parasite,  among  which  the  hookleta 
may  be  found. 

Ascaris  lumbrlcoides  sometimes  finds  its  way  from  the  intestines  into 
the  bile-ducts.     It  may  cause  no  disturbance  here,  but  in  some  cases  the 

s  have  been  present  in  large  numbers  and  caused  occlusion,  dilata- 

'  See  Orrirl,  Vote  Med.  Jour,,  vol.  v.,  p.  233,  18B9;  consult  abo  monogmph  by  Poatfll.  1900. 
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tion,  and  ulceration  of  the  biliary  passages,  and  have  led  to  the  formation 
of  abscess  of  the  liver. 

Coccidlum  ovlforme,  the  very  common  parasite  in  the  rabbit 's  liver, 
has  been  found  a  few  times  in  the  liver  of  man. 

LE5I0ITS  OF  THE  BILIARY  PASSAGES  AND  THE  GALL-BLADDER. 

Perforation  and  rupture  of  the  gall-bladder  may  occur  under  various 
conditions  and  ia  usually  followed  by  peritonitis.' 

Catarrhal  inflammatiOD  of  the 

gall-ducts  (cholangitis)  most  fre- 
quently involves  the  lower  por- tion of  the  common  duct  and 

the  gall-bladder.  In  the  acute 
form  it  usually  leaves  but  tew 
changes  appreciable  after  death. 
An  abnormal  coating  of  mucus, 
and  sometimes  congestion  of  the 
blood-vessels,  are  almost  the  only 

post-mortem  lesions.  Owing  to 
the  swelling  of  the  mucous  mem- 

brane and  the  accumulation  of 
mucus  in  the  lumen,  the  ducts 

may  be  temporarily  occluded, 
but  this  occlusion  may  not  be 

evident  after  death.  If,  how- 
ever, the  inflammation  becomes 

chronic,  the  walls  of  the  bile- 
ducts  may  become  thickened  and 
their  lumina  more  or  less  perma- 

nently obstructed  (Fig.  487).  In 
conse(|uence  of  this,  dilatation 
or  ulceration  of  the  bile  ducts 

mayensue.  Temporary  obstruc- 
tion of  the  bile  ducts  may  pro- 
duce marked  pigmentation  of  the 

liver,  owing  to  the  accumulation 

of  pigment  granules  in  the  liver 
cells,  particularly  in  the  vicinity 
of  the  capsule  of  GHsson,  and 
jaundice  of  the  entire  body. 

The   (fall-bladder  may  be  in- 
flamed by  itself — cholecystitis — or 

in  connection  with  inflammation 

of  the  biliary  passages.     If  the 
disease  is  chronic  the  wall  of  the  bladder  may  be  thickened  and  bound 

to  adjacent  parts  by  fibrous  tissue;  polypoid  growths  may  occur  in  the 

1  See  Marhard.  A.ni,.  Kfn.  dc  m*d.,  I.  iv.,  p.  IS9,  1900,  bibl. 
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mucosa;  the  duct  may  be  occluded;  dilatation,  ulceration,  the  forma- 
tion of  gall-stones,  calcification,  and  atrophy  may  ensue. 

Inflammation  of  the  stomach  and  duodenum,  hypertemia  and  infiam- 
mation  of  the  liver,  concretions,  and  parasites  frequently  accompany 
catarrhal  inflammation  of  the  biliary  passages,  but  it  may  occur  without 
these. 

Suppurative  and  Croupous  loflammatloii  of  the  Bile-Ducts  (Cholan- 
gitis) and  Gall-Bladder  (Cholecystitis).— The  nalia  of  the  ducts  may  be 

covered  or  infiltrated  with  a  fibrinous  or  a  purulent  exudate;  they  may 
ulcerate. 

These  lesions  occur  most  frequently  in  connection  with  obstruction 

of  the  bile-ducts  by  gall-stones  or  otherwise,  and  in  tj'phoid  and  typhus 

fever,  pyiemia,  and  cholera;  or  they  may  be  due  to  the  extension  of 
inflammatory  processes  from  without.  They  also  occur  under  unknown 
conditions. 

In  many  cases  of  inflammation  of  the  gall-ducts  the  Bacillus  coli 
communis,  in  fewer  the  pyogenic  streptococcus  and  staphylococcus, 
are  apparently  concerned. 

Suppurative  inflammation  may  lead  to  perforations  of  the  ducts  or 
bladder,  with  escape  of  bile  and  peritonitis;  or  fistulous  openings  between 

the  gall-bladder  and  the  duodenum,  colon,  and  stomach,  or  through  the 
abdominal  wall.  Or  the  infiamniation  may  extend  to  the  liver  tissue 
and  produce  abscesses.  Under  the  latter  conditions  there  may  be  a  series 

of  small  abscesses  ranged  along  the  walla  of  the  suppurating  gall-ducts 



742  THE    LIVER 

(Fig.  488).  In  more  advanced  stages  the  abscesses  may  become  large 
and  communicate  with  one  another,  so  that  a  considerable  portion  of 
the  liver  may  be  occupied  by  a  series  of  communicating  cavities  with 
ragged  walls,  containing  pus  and  detritus  of  liver  tissue  more  or  less 
tinged  with  bile. 

Such  abscesses  may  become  more  or  less  completely  enclosed  by  con- 
nective-tissue walls.  The  portal  vein  may  also  become  inflamed,  and 

perforations  may  be  formed  between  it  and  the  bile-ducts.  The  excitants 
of  these  inflammatory  processes  in  the  gall-ducts  and  gall-bladder  are 

probably  usually  bacteria.  Those  which  have  been  most  frequently 

found  are  the  "pyogenic  cocci,'"  the  colon  and  typhoid  bacilli,  and  the 
pneiiniococcUH,  It  should  be  borne  in  mind  that  post-mortem  invasion 
of  the  gall-bladder  and  passages  by  bacteria  may  take  place  early. 

Constriction  and  Occlusion  of  the  BUe-Ducts.— This  may  be  produced 
by  inflammation  of  the  ducts  themselves,  by  new  growths  in  their  walls, 
by  calculi  or  parasites  in  their  lumina,  by  changes  in  the  hepatic  tissue 
in  chronic  and  acute  hepatitis,  by  aneurisms,  or  by  pressure  on  the  duct 
from  without,  as  by  tumors  in  the  head  of  the  pancreas,  etc. 

The  obliteration  of  the  smaller  bile-ducts  produces  no  marked  lesions. 
When  the  ductus  communis  of  the  hepatic  duct  is  obstructed,  the  ducts 
throughout  the  liver  are  frequently  dilated  and  the  liver  tissue  is  bile- 
stained.     The  liver  may  undergo  atrophy  and  the  whole  body  be  intensely 

1  For  ■  study  of  Rall-liladder  infections  wnsult  CuMng.  John 
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jaundiced.     When   the  cystic   duct  is  obstructed  the  gall-bladder  is 
dilated.^ 

Dilatation  of  the  Bile-Ducts  is  usually  produced  by  strictures  in  the 
ways  just  mentioned,  or  by  calculi.  When  calculi  have  produced  the 
dilatation  this  condition  may  sometimes  continue  after  they  have  found 
their  way  into  the  intestines.  Sometimes,  however,  there  is  very 
marked  dilatation  of  the  bile-ducts  without  evident  present  or  past 
obstruction.  The  dilatation  may  affect  only  the  common  and  hepatic 
ducts,  or  it  may  extend  to  the  smaller  ducts  in  the  liver,  which  are  then 
dilated  uniformly  or  in  sacculated  forms.  They  may  contain  bile,  mucus, 
or  calculi.  The  liver  is  at  first  enlarged,  but  may  afterward  atrophy. 
The  gall-bladder  may  be  dilated  in  consequence  of  obstruction  of  the 
common  or  the  cystic  duct.  In  the  latter  case  it  may  reach  an  immense 
size  and  form  a  large  tumor  in  the  abdominal  cavity.  The  dilatation 
is  generally  uniform,  the  bladder  retaining  its  normal  shape;  sometimes, 
however,  there  are  diverticula,  which  are  usually  produced  by  calculi.  If 
the  obstruction  to  the  hepatic  duct  is  incomplete  or  movable  the  gall- 

bladder may  contain  bile,  and  often  calculi.  If  the  obstruction  is 
complete  the  contained  fluid  may  gradually  lose  its  biliary  character  and 
become  a  serous  or  mucous  fluid  of  a  light  yellow  color — hydrops  cystidis 
fellece.  The  walls  of  the  bladder  may  be  of  normal  thickness,  or  thinned, 
or  thickened,  or  calcified.  If  the  obstruction  is  due  to  a  calculus,  this 
may  pass  into  the  intestine  and  the  gall-bladder  be  suddenly  emptied. 
Usually  the  bladder  fills  again,  owing  to  its  loss  of  contractile  power. 

TUMORS  OF  THE  GALL-BLADDER  AND  LARGER  GALL-DUCTS. 

Small  fibromata  have  been  described  in  the  gall-bladder  and  in  the 
common  duct,  but  they  are  very  rare.  The  most  common  tumors  are 
carcinomata.  These  may  be  primary  or  secondary,  and  present  the  usual 
structural  variations.  The  cells  may  be  cylindrical  or  polyhedral;  or 
they  may  present  the  characteristics  of  gelatinous  cancer.  Primary 
carcinomata  and  adeno-carcinomata  of  the  gall-bladder  and  larger  gall- 
ducts  are  not  uncommon,  and  are  frequently  associated  with  calculi.^ 
Not  infrequently  the  pancreatic  and  common  ducts  are  both  involved, 
and  it  is  difficult  to  say  whether  the  tumor  is  primarily  in  the  head  of  the 
pancreas  or  in  the  gall-duct.  The  bladder  and  ducts  may  also  be  second- 

arily involved  in  carcinomata  of  the  stomach,  liver,  and  duodenum. 
Adenoma  and  papilloma  of  the  gall-ducts  are  of  occasional  occurrence 
(Fig.  489). 

BILIARY  CALCULI.     (Cholelithiasis.) 

These  bodies  are  of  common  occurrence.  They  are  found  usually  in 
the  gall-bladder,  sometimes  in  the  hepatic,  cystic,  and  common  ducts; 
less  frequently  in  the  small  ducts  of  the  liver.     In  the  gall-bladder  from 

^  For  a  study  of  changes  in  the  liver  consecutive  to  obliteration  of  the  bile  ducts  see  G&raudel, 
Jour.  d.  Phys.  et  Path,  g^n.,  t.  viii.,  p.  69,  1906. 

2  See  Warlhin,  Phila.  Med.  Jour.,  vol.  vi.;  pp.  38,  82,  and  120,  1900,  bibl. 
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1  to  7,800  calculi  have  been  counted.     They  vary  in  size  from  that  of  a 

pin's  head  to  that  of  a  hen's  egg,  or  they  may  be  larger.     Single  gall- 
stones are  usually  spheroidal  or  ovoidal;  when  multiple  they  are  usually 

flattened  at  the  sides  or  faceted  (Fig.  490). 
They  may  be  composed: 
1.  Principally  of  choleslerin,  and  may  be  of  pure  white  color,  or 

tinged  with  various  shades  of  yellow  or  brown  by  bile  pigment.  The 
fractured  surface  shows  a  radiating  crystalline  structure. 

2.  Of  choleslerin,  bite  piyment,  and  salts  of  calcium  and  magnesium. 
These  are  usually  dark  colored,  brown,  reddish  black,  or  green,  and  may 
be  spheroidal  or  faceted,  smooth  or  rough  on  the  surface;  the  fractured 
surface  is  usually  radiating  crystalline.     This  is  the  most  common  form. 

3.  Principally  of  bile  pigment.  Such  calculi  are  rare,  usually  small, 
very  dark  colored,  and  not  numerous. 

nnller  calculi  show  tho  facetod  charBCl«r;  Uie  brger.  ci 

4.  Of  calcium  caTbonate.  These  are  rare,  have  a  nodular  surface,  and 
a  clear  crystalline,  not  radiating  fracture. 

Most  calculi  are  formed  around  a  central  mas.s,  sometimes  called  the 

nucleus,  which  may  consist  of  cholosterin,  bile  pigment,  mucus,  or  epi- 
thelium, or  more  rarely  of  some  foreign  body.  Thus  a  dead  parasite,  a 

needle,  and  fruit  seeds  may  serve  as  nuclei.  The  body  of  the  calculus 
may  be  homogeneous,  or  lamcllated,  or  crystalline. 

Biliary  calculi  in  the  gall-bladder  may  produce  no  symptoms  and  be 
discovered  only  after  death.  In  the  hepatic  and  common  ducts  they  may 
obstruct  the  flow  of  bile  and  lead  to  fatal  jaundice;  or  they  may  pass 
from  time  to  time  into  the  intestine,  producing  biliary  colic.  If  they 

are  impacted  in  the  cystic  duct  they  may  lead  to  dilatation  of  the  gall- 
bladder. They  may  get  into  the  duodenum  by  ulceration  through  the 

walls  of  the  ducts  or  gall-bladder,  or  in  the  same  way  into  the  peritoneal 



THE    LIVER  745 

cavity.  Gall-stones  which  get  into  the  intestinal  cavity  usually  pass  off 
without  doing  any  further  injury,  but  very  large  calculi  may  cause 
occlusion  of  the  gut  with  fatal  results.  The  rdle  of  micro-organisms  in 
the  formation  of  gall-stones  has  been  the  subject  of  significant  studies.^ 

1  Consult  Mignot,  Arch.  g^a.  de  m6decine,  1S98.  t.  ii..  p.  129  and  263;  also  Cushing,  Johns  Hopkins 
Hosp.  Bull.,  vol.  X.,  p.  166,  1899;  also  Mieczkoxcski,  Mitth.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  Bd.  vi., 
p.  307.  1900. 



CHAPTER  IX. 

THE  URINARY  ORGAflS. 

The  Kidaeys. 

HalfonnatioDS. 

Both  kidneys  may  be  absent  in  connection  with  extensive  malformBtion  in  fcetuses 
which  are  aot  viable. 

Absence  of  one  kidney  is  not  uncommon,  the  left  kidney  being  more  frequently 
absent  than  the  right.  The  absence  of  the  kidney  may  be  complete,  the  urct*r  being 

also  absent;  there  may  be  an  irregular  mass  of  much-atrophied  kidney  tissue  with  con- 
nective tissue  and  fat,  or  there  may  be  only  a  little  muss  of  connective  tissue  and  fat 

representing  the  kidney,  and  a  ureter  running  down  to  the  bladder.  The  single 
kidney  which  is  present  Is  usually  much  enlarged.  It  may  be  in  its  natural  position  or 
displaced  downward.  When  both  kidneys  are  present  one  of  them  may  be  much 
larger  than  the  other.     One  kidney  may  have  two  pelves  or  two  ureters. 

A  frequent  malformation  is  the  so-called  horseshoe  kidney  (Figs.  183  and  491). 
The  lower  ends  of  the  kidneys  are  joined  together  by  a  commissure.     The  ci 

FlO.   401.— HORBESHOE    KiDNET. 

is  usually  composed  of  kidney  tissue,  but  sometimes  of  connective  tissue.  The  two 
kidneys  may  be  normal,  except  for  the  commissure;  or  their  shape,  the  arrangement  of 
the  vessels  and  ureters,  and  the  pa-^ilinn  may  be  unnatural.  The  two  kidneys  may  be 
united  throughout  so  as  to  look  like  a  single  misshapen  kidney  with  two  or  more  pelves 

74G 
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and  irregular  blood-veasels.     The  united  kidneys  may  be  both  situated  on  one  side  of 
the  vertebral  column  or  in  the  pelvia. 

The  foetal  lobulation  of  the  kidney  frequently  persists  during  adult  life  (Fig.  492). 

Changes  in  Position. 

The  kidneys  may  be  placed  in  an  abnormal  situation,  in  which  they  are  either 
fixed  or  movable. 

The  change  in  position  is  either  lateral  or  downward.  When  displaced  downward 
the  kidney  may  be  over  the  sacrum  or  below  this  in  the  cavity  of  the  pelvis.     The 

vessels  also  have  an  irregular  origin  and  distribution.     The  kidney  is  firmly  attached 
in  its  abnormal  position. 

Movable  or  wandering  kidneys  are  found  in  adult  life  as  a  result  of  tight  lacing,  of 
pregnancy,  of  overexertion,  and  of  unknown  causes.  They  are  more  common  in 

females  than  in  males,  and  the  right  kidney  is  most  frequently  involved.  The  blood- 
vessels become  lengthened  and  the  attachments  of  the  kidneys  longer  and  looser. 

COHPEITSATORY  HYPERTROPHY  OF  THE  KIDHEY. 

In  congenital  absence  of  one  kidney  or  in  post -embryonal  life  when 
one  kitlney  is  involved  in  lesions  which  seriously  interfere  with  its 

function,  the  other  organ  may  increase  in  functional  capacity  through 

an  hypertrophy  and  hyperplasia  of  its  gland  cells.  A  similar  alteration 

may  take  place  in  the  sound  parts  of  an  organ  partially  compromised  by 

structural  lesions.'  The  marks  of  hypertrophy  are  not  evident  in  the 
glomeruli  and  convoluted  tubules.  The  epithelial  cells  are  larger  and 

increased  in  number;  the  tufts  of  the  glomeruli  are  also  enlarged. 

1  For  a  study  of  thLi  condition  spc  Sa^erilotli.  Virchon'fl  A»h.,  Bd.  exlvi..  p.  287,  I89B.  bibl. 
Consu]l9l!<oforKcnpnil<'DnHJcli;rBtioiior  hyprrtruphy  r^oiu,  "Text-book  of  GenemlPathDlosy," 
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DISTURBANCES  OF  CIRCULATION. 

Anaemia  of  the  kidney  occurs  in  general  anaemia:  it  may  be  associated 
with  various  forms  of  diffuse  nephritis.  Local  anaemia  may  be  due  to 
thrombosis  or  embolism. 

Acute  Hypersemia — ^Acute  Congestion. — This  may  occur  in  early 
phases  of  an  acute  inflammatory  process  or  after  the  ingestion  of  irritant 
poisons.  The  kidneys  may  be  swollen,  the  vessels  distended,  and  bloody 
fluid  exude  from  the  cut  surfaces.  There  may  be  extravasation  of  red 
blood  cells  from  diapedesis. 

Chronic  H3rper£eniia — Chronic  Congestion. — This  may  occur  in  con- 
nection with  a  similar  condition  in  the  other  viscera  w^hen  the  circulation 

is  impeded  through  uncompensated  lesions  of  the  heart  and  lungs,  such  as 
chronic  endocarditis  involving  the  aortic  and  mitral  valves,  cardiac  dila- 

tation, aortic  aneurism,  emphysema,  large  accumulations  of  fluid  in  the 
pleural  cavities;  or  it  may  be  associated  with  obstruction  of  the  renal 
vein  or  inferior  vena  cava  by  thrombosis  or  pressure  from  tumors,  etc. 
The  kidneys  in  this  condition  are,  when  typical,  slightly  or  considerably 
enlarged,  increased  in  weight,  hard,  and  dark  red  in  color  with  capsule 
not  adherent  and  surface  smooth.  The  congestion  is  most  marked  in  the 
capillaries  of  the  glomeruli,  which  are  widely  dilated,  often  with  thickened 
walls,  in  the  interlobular  veins,  the  vasa  recta,  and  the  stellate  veins  of 
the  cortical  surface. 

The  epithelium  of  the  convoluted  tubules  may  be  swollen;  or  it  may 
be  much  flattened  so  that  the  lumen  of  the  tubule  is  enlarged.  If  the 
congestion  persists,  there  is  hyperplasia  of  the  interstitial  tissue  of  the 
kidney  with  degeneration  of  the  epithelium,  the  formation  of  casts, 
atrophy  of  the  tubules,  etc.  Chronic  congestion  may  lead  to  chronic 

diffuse  nephritis.^ 
Embolism,  Thrombosis,  and  Infarction. — If  the  renal  artery  or  one  of 

its  branches  be  plugged  by  an  embolus  or  thrombus,  an  anaemic  infarct 
of  the  region  is  the  result.  There  may  be  one  or  several  such  infarcts 
which  are  usually  more  or  less  wedge-shaped,  the  apex  directed  inward 
corresponding  to  the  vascular  territory  compromised.  They  are  pale  or 
yellowish,  hard,  and,  as  inflammatory  reaction  sets  in,  may  be  surrounded 
by  a  red  hyperaemic  zone. 

Within  the  limits  of  the  infarct,  necrosis  of  epithelium  or  of  the 
entire  mass  of  involved  tissue  may  take  place  with  such  subsequent 
alterations  as  have  been  already  described  on  page  29. 

The  seat  of  old  and  healed  infarcts  may  be  indicated  by  small  fibrous 

cicatrices.^ 
Haemorrhagic  infarcts  in  the  kidney  are  rare.  Infarcts  may  become 

the  scat  of  gangrene  when  putrefactive  bacteria  gain  access  to  them; 
or  suppurative  inflammation  with  the  formation  of  abscesses  may  occur. 

^  For  a  study  of  theories  of  renal  secretion  see  Lamy  and  Mayer,  Jour,  de  Phys.  et  Path,  gto.,  t. 
viii.,  p.  660.  1906. 

'  For  a  study  of  the  regenerative  capacity  of  the  renal  epithelium  in  infarcts  see  Thorel,  Virchow's 
Arch.,  Bd.  cxlvi.,  p.  297,  1896,  bibl.;  also  Thorel,  Deutsch.  Arch.  f.  klin.  Med.,  Bd.  Ixxvii..  1903. 
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Embolism  of  the  renal  artery  may  result  in  necrosis  of  the  entire  kidney. 
Thrombosis  of  the  renal  vein  may  be  induced  by  the  pressure  of  tumors, 
either  on  this  vessel  or  on  the  vena  cava;  or  it  may  occur  in  cachectic 
conditions. 

ALBUUmURIA  AlTD  CASTS. 

Albuminuria. — Albuminous  material  or  serum  not  infrequently  pa.sses 
out  of  the  blood-vessels  of  the  kidneys,  either  through  the  glomeruli  or 
the  tubules,  and  mingles  with  the  excreted  substances.  While  this  may 

occasionally  occur  under  conditions  which  cannot  be  regarded  as  abnor- 
mal, it  is  common  in  many  diseases  of  the  -kidney  and  is  frequent 

without  demonstrable  kidney  lesions  in  fevers,  infectious  diseases, 
abnormal  conditions  of  the  blood,  various  forms  of  poisoning,  disturbances 
of  the  circulation,  etc.  Albuminous  material  may  also  be  set  free  by 
abnormal  metabolism  or  disintegration  of  the  renal  epithelium. 

In  albuminuria  with  pronounced  kidney  lesions  there  are  usually 
well-defined  alterations  in  the  capillaries  of  the  tufts  and  in  their  epi- 

thelial investment.  There  may  be  thrombi  in  the  capillaries;  their  walls 
may  be  thickened;  the  flat  epithelium  covering  them  may  be  swollen  or 
fatty,  or  may  peel  off,  or  it  may  proliferate.  In  the  kidneys  of  cases  of 
pronounced  albuminuria,  preserved  in  alcohol  or  other  fixatives  which 
coagulate  albuminous  material,  this  substance  may  be  seen  within  Bow- 

man 's  capsule  or  in  the  luniina  of  the  tubules  as  fine  or  coarse  granules. 
Albuminous  material  in  the  tubules  may  form  casts  (see  below),  or  when 
the  conditions  are  favorable  fibrillar  fibrin  may  form. 

Casts.^Albuminous  material  which  under  various  abnormal  condi- 

tions has  escaped  from  the  blood-vessels  in  solution  may  coagulate, 
especially  in  the  lumina  of  the  tubules,  forming  the  more  or  less  cylin- 

drical or  globular  structures  called  casts.  These  may  be  homogeneous 

in  structure — hyaline  casts;  or  the  albuminous  material  of  which  they 
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are  formed  may  be  iiiinglecl  with  the  products  of  degeneration  and  disin- 
tegration of  epithelial  cells,  either  from  the  glomeruli  or  from  the  tubules; 

or  with  red  blood  cells,  or  leucocytes,  or  exfoliated  epithelial  celts.  In 
this  way  ̂ anular  casts,  epithelial  casls,  blood  casts,  etc.,  are  formed.  The 

epithelium  of  the  tubules  may  peel  off  in  masses,  forming  cast-like  cell 
structures.  Homogeneous  globules  of  various  sizes  may  be  formed  in 
the  tubular  epithelium  which  is  yet  in  place,  and,  as  the  cells  degenerate 

Fia.  494,— Htivunb  Casts  iu  UmmFeROUB  Tubult. 

and  disintegrate,  such  homogeneous  globules  may  collect  in  the  lumina 
of  the  tubules  (Fig,  493)  or  they  may  fuse  to  form  hyaline  casts  (Fig. 

494).  Homogeneous  casts  giving  the  micro-chemical  characters  of  amy- 
loid are  of  occasional  occurrence  in  the  tubules. 

Casts  and  cell  detritus  may  form  both  in  the  cortical  and  medullary 
tubules  and  may  pass  out  of  the  organ  with  the  urine. 

Necrosis  of  the  epithelium  of  the  kidney  of  varying  extent  may 
occur  in  disturbances  of  the  circulation  by  thrombosis,  degenerations, 
etc.,  in  acute  infectious  diseases,  in  various  nutritional  disorders,  such 

as  gout,  diabetes,  etc.,  or  auto-intoxications,  as  well  as  in  poisoning  by 
various  substances,  cantharidin,  sublimate,'  chromates,  chlorates,  etc. 
In  sublimate  and  oxalic-acid  poisoning,  calcification  (Figs.  30  and  31) 
may  be  associated  with  the  necrotic  process. 

The  extent  of  the  lesion  varies  greatly.  In  some  instances  a  large 
part  of  the  epithelium  of  the  convoluted  tubules  may  be  necrotic  without 
marks  of  inflammation.  In  other  cases  tlie  lesion  involves  the  tubules 

in  limited  regions.  It  is  suggested  that  certain  forms  of  extensive  necro- 
sis of  renal  epithelium  are  the  analogues  of  some  forms  of  acute  yellow 
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atrophy  of  the  liver.'     In  fact  the  kidney  lesion  may  accompany  acute 
yellow  atrophy. 

DEGENERATIOH. 

Albuminous  Degeneration  (Parenchymatous  Degeneration— Acute 
Degeneration). — This  form  of  degeneration  ia  most  common  in  the  acute 
infectious  diseases,  such  as  diphtheria,  scarlatina,  measles,  typhoid  fever, 
yellow  fever,  and  in  many  forms  of  septiwemia  and  toxipmia.  It  usually 
accompanies  similar  lesions  in  other  viscera.  In  moderate  degrees  of 
the  lesion,  the  epithelium,  particularly  of  the  convoluted  tubules,  is 
swollen  and  more  coarsely  granular  than  normal  (Fig.  495).     In  more 

pronounced  lesions,  in  addition  to  simple  albuminous  degeneration,  the 
epithelium  may  become  more  or  less  filled  with  minute  fat  droplets,  or 
the  cells  may  disintegrate  and  peel  off,  or  they  may  become  necrotic  and 
the  nuclei  fail  to  stain.  The  cell  body  may  then  undergo  coagulation  or 
disintegrate. 

The  gro.'^s  appearance  of  the  kidneys  varies  with  the  degree  and 
extent  of  the  degeneration.  The  kidney  may  be  slightly  or  considerably 
enlarged.  On  section  the  cortex  is  usually  thickened  and  pale  with 
obliteration  of  the  normal  cortical  markings.     The  capsule  of  the  kidney 
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is  not  abnormally  adherent.     When  there  are  other  associated  or  ante- 
cedent lesions  in  the  kidney,  the  gross  appearance  of  the  organ  varies. 

■  stained  black  by  w 

Fatty  Degeneration. — This  may  occur  in  those  diseases  of  the  blood  or 
circulatory  system  in  which  general  nutrition  suffers;  in  infectious  dis- 

eases often  associated  with  or  following  albuminous  degeneration;  in 

various  cachcxije;  in  acute  and  chronic  forms  of  diffuse  kidney  disease, 
and  in  poisoning  by  phosphorus,  arsenic,  sublimate,  etc. 

The  degeneration  may  be  diffuse  and  widespread  or  it  may  occur  in 
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patches.  If  diffuse,  the  cortex  in  which  it  is  most  marked  ia  usually 
more  or  less  thickened,  opaque,  and  yellowish;  if  in  patches,  there  are 
opaque  yellow  streaks  or  spots  in  the  cortex.  But  these  appearances  are 

often  obscured  by  various  other  lesions.  If  the  degeneration  be  moder- 
ate in  degree,  there  are  larger  and  smaller  fat  droplets,  usually  most 

abundant  in  the  basal  portion  of  the  epithelium  of  the  convoluted  tubules 
(Fig.  49t)).  In  more  marked  degeneration,  the  cells  of  the  convoluted 
tubules  may  be  filled  with  fat  droplets  and  may  peel  off,  or  they  may 
disintegrate,  setting  the  fat  free  in  the  lumen  of  the  tubules.  The 
degeneration  may  involve  the  tuft  and  capsule  epithelium  as  well  as 

that  of  the  collecting  tubes,  and  fat  droplets  may  be  found  free  or  in  cells 
in  the  interstitial  tissue. 

Amyloid  Degeneration.— This  is  usually  associated  with  amyloid 
degeneration  elsewhere  in  the  body,  and  commonly  occurs  in  kidneys 
which  are  already  the  seat  of  various  forms  of  chronic  lesion.  Usually 
the  kidney  is  enlarged,  the  section  is  shining  or  translucent,  the  cortex  is 
thick  and  pale,  the  glomeruli  are  often  unusually  plain.  The  capillaries 
of  the  tufts  (Fig.  497)  and  the  vasa  recta  are  most  often  involved.  If  the 
kidney  be  otherwise  altered,  the  gross  and  microscopic  appearances  vary. 

Glycogen  Degeneration  of  the  epithelium  may  take  place  in  diabetes 

mellitus.     It  is  usually  most  marked  in  the  cells  of  Henle's  loops  (Fig.  498) . 
Calcification  may  occur  in  chronic  inflammatory  lesions  or  in  old 

infarctions,  in  the  intertubular  tissue  of  the  medulla  in  the  aged,  and  in 
easts  in  the  collecting  tubes,  and  is  especially  well  marked  in  degenerated 

and  necrotic  epithelial  cells  in  sublimate  poisoning  (Figs.  30  and  31).' 

IHFLAHHATIOn. 

General  Considerations. 

Many  of  the  alterations  in  the  kidney  which  are  commonly  considered  inflamma- 
tory are  in  fact  degenerative,  and  these  degenerative  changes  are  o!tea  so  important 

and  ao  consjiicuoiis  in  the  lesions  as  fairly  to  dominate  the  grosH  and  microscopic 
appearances.     The  processes  in  the  kidneys  which  may  be  properly  considered  inflam- 

1  See  Keuberger,  Ziegler's  Beilr.,  Bd.  vi.,  p.  429,  1889;  nleo  Elbt.  Virth.  Arch.,  Bd,  cimxii,,  p.  U5, 
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matory  are  either  exudative  or  productive,  so  that  the  apparently  complex  series  of 

kidney  changes  which  are  grouped  under  the  name  nephritis,  or  Bright's  disease,  are 
really  phases  of  exudative  or  productive  inflammation ,  or  both,  associated  with  degenera- 

tive processes. 
Whether  the  kidneys  be  large  or  small,  white  or  red  or  mottled,  smooth  or  rough ; 

whether  the  disease  be  acute  or  chronic,  it  is  always  these  comparatively  simple  proc- 
esses, varying  in  extent,  in  duration,  in  intensity,  and  in  relative  predominance, 

which  are  to  be  taken  into  the  account  in  the  study  of  inflammation  of  this  organ. 
There  are  perhaps  no  lesions  whose  classification  has  seemed  beset  with  such  diflS- 

culties  as  those  of  the  kidneys.  This  is  largely  due  to  a  failure  to  realize  that  the  vari- 
ous phases  of  inflammation  and  degeneration  do  not  stand  apart  as  independent  proc- 

esses or  lesions,  but  are  closely  associated  and  often  merge.  It  is  difficult,  perhaps 
impossible,  to  make  a  classification  which  shall  meet  the  requirements  of  the  clinic, 
the  limitations  of  urinary  tests,  and  at  the  same  time  accord  with  the  revelations  of 
the  autopsy  and  the  microscope. 

One  of  the  difiiculties  in  framing  a  classification  of  kidney  lesions  is  that  there  are 
many  and  serious  abnormalities  in  the  function  of  the  kidney  which  do  not  find  expres- 

sion in*  such  structural  changes  as  we  can  at  present  recognize.  Our  knowledge  of 
such  of  the  minute  structural  lesions  in  the  renal  epithelium  as  are  not  manifested  by 
alterations  in  the  size  and  form  and  organic  integrity  of  the  cell  is,  in  fact,  very  meagre, 
so  that  the  attempt  to  classify  inflammatory  lesions  of  the  kidney  upon  both  clinical 
and  morphological  data  often  leads  to  conjecture  or  confusion,  frequently  to  both. 
Considering  the  scope  of  this  book  and  our  present  purpose,  it  seems  wiser  to  set 
forth  here  as  concisely  as  possible  the  essential  character  of  the  lesions  in  acute  and  in 
chronic  phases  of  inflammation  and  degeneration  in  the  kidney  based  upon  morpho- 

logical rather  than  upon  clinical  data. 

It  is  convenient  to  divide  the  acute  inflammatory  processes  of  the 
kidneys  into  two  forms,  Suppurative  Nephritis  and  Acute  Diffuse  Nephritis. 

Suppurative  Nephritis. 

Suppurative  inflammation  of  the  kidney  may  follow  injury  with  local 
infection.  It  is,  however,  most  often  due  to  the  presence  of  bacteria, 
commonly  the  pyogenic  cocci,  which  have  been  brought  through  the 
blood-vessels  from  a  remote  infective  focus,  as  in  ulcerative  endocarditis, 
septic  phlebitis,  etc. — embolic  infection.  Or,  on  the  other  hand,  the  bac- 

terial excitant  may  be  transmitted  to  the  kidneys  through  the  urinary 

passages — ascending  infection. 
Traumatic  lesions  of  the  kidney  may  lead  to  suppurative  nephritis 

either  through  direct  infection  of  the  wound  or  by  the  establishment  of 
local  vulnerability^  to  the  action  of  bacteria  which  may  later  gain  access 
to  the  injured  tissue  through  the  circulation.  After  infected  wounds  or 
injuries  of  the  kidney,  large  abscesses  may  develop,  or  nearly  the  whole 
organ  may  be  converted  into  a  mass  of  pus,  blood,  and  disintegrated 
tissue. 

In  the  embolic  type  of  suppurative  nephritis,  small  abscesses  are  formed 
most  frequently  in  the  cortex.  Where  bacteria  lodge  and  grow  in  the 
tissue  there  is  at  first  circumscribed  hyperemia  or  haemorrhage  and 

necrosis,  with  subsequent  gathering  of  leucocytes  and  finally  the  disin- 
tegration of  tissue  and  the  formation  of  abscess.  Such  kidneys  present 

to  the  naked  eye  on  section  small  spots — or  in  the  medulla,  streaks — 
*  See  ref.  to  Cheesman  &nd  Meltzer  and  to  Breaker,  foot-note,  p.  152. 
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which  are  red  or  gray  or  yellow,  depending  upon  the  degree  of  advance- 
ment of  the  lesion.  In  such  areas  the  bacteria  may  be  readily  demon- 

strated, sometimes  in  early  stages  in  dense  masses  in  the  capillaries  and 
other  smaller  vessels,  or  later  scattered  through  the  necrotic  and  disinte- 

grating tissue  (Fig.  119,  p.  207).  Embolic  abscesses  are  commonly 
developed  in  both  kidneys  and  by  extensive  coalescence  may  give  rise  to 
large  abscesses.  There  is  reason  to  believe  that  in  certain  forms  of 
septiciemia  bacteria  may  secure  a  foothold  in  the  tubules,  not  as  emboli. 

Developed  from  inteolioD  by  way  of  the  urinary  passages  (so-called  "surgieal  kiilney"). 

but  through  excretion.'  In  such  cases  the  suppurative  foci  may  be  at 
first  limited  to  the  medulla. 

Ascending  Infection. — In  suppurative  nephritis  associated  with  a 
similar  process  in  the  ureter,  bladder,  etc.,  the  medullary  portion  of  the 
kidney  is  usually  earliest  involvetl,  and  then  the  elongated  form  of  the 
suppurative  areas  (Fig,  499)  corresponds  to  the  grouping  of  the  tubules 

in  this  region.' 
Whatever  the  form  in  which  it  may  manifest  itself,  suppurative 

inflammation  of  the  kidney  is  commonly  induced  by  some  one  or  combi- 
nation of  the  pyogenic  micro-organisms  which  may  lodge  within  it  under 

favorable   conditions.     Thus   Streptococcus   pyogenes,    Staphylococcus 

'  For  study  of  enrrlion  of  baoteritt  by  kidney  see  Axh,  Cbl.  f.  Kr.  d.  Ham-  u.  Son,-  Oij,,  Bd. 
xiii..  ieOL>.  pp.  :i4e  and  :<24.     Also  refenmce  p.  tSI. 

For  study  of  pIlminatioD  of  pigment  by  kidney  see  Carter,  Jour.  Am.  Med.  Assn.,  vol.  xli.,  p.  124S. 
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pyogenes,  Bacillus  coli  communis,  Bacillus  pyocyaneus,  Bacillus  proteus, 
the  pneumococcus,  the  typhoid  bacillus,  and  others,  may  be  founil  in  the 
suppurative  foci.  Sometimes,  however,  especially  in  the  more  chronic 

processes,  micro-organisms  are  not  demonstrable. 

AcvTE  Diffuse  Nephritis. 

This  process  may  occur  in  acute  infectious  diseases;  it  is  especially 
common  in  scarlatina  and  not  infre([uent  in  diphtheria,  typhoid  fever,  the 
exanthemata,  and  malaria,  and  in  septicsemia  due  to  various  bacterial 
excitants. 

The  lesions  of  acute  diffuse  nephritis  vary  greatly  in  extent,  in  degree, 
in  the  relative  involvement  of  one  or  other  renal  structure,  as  well  as  with 
the  duration  of  the  process.  In  this  as  in  other  forms  of  inflammation 

of  the  kidney,  degeneration  is  an  important  and  often  predominant  fac- 
tor in  the  morphology  of  the  lesions. 
We  shall  now  consider  those  lesions  which  in  varying  degrees  are 

characteristic  of  an  early  phase  of  acute  diffuse  nephritis,  such  as  fre- 

quently occurs  in  the  course  of  the  acute  infectious  diseases.  While 
changes  in  the  different  structural  components  of  the  kidney  may  occur 
simultaneously  and  are  intimately  related  to  each  other,  we  shall  study 
first  the  lesions  of  the  glomeruli,  second  those  of  the  tubules,  third  those 
of  the  interstitial  tissue  and  its  ves.sels. 

The  Glomeruli. — One  of  the  early  alterations  in  the  tufts  of  the  glo- 
meruli is  the  swelling  of  the  cells  which  cover  the  capillaries.'  These  cells 

which  in  normal  conditions  are  thin  and  scarcely  visible,  save  by  their 
nuclei,  now  project  from  the  capillary  loops,  sometimes  remaining  closely 
apposed  to  the  capillary  walls,  sometimes  assuming  polypoid  shapes 
(Fig.  500),  sometimes  forming  a  continuous  thick  covering  of  cuboidal 
cells  over  the  vessels.  The  nuclei  are  larger  than  normal  and  mitosis 
may  be  evident.  Similar  changes  occur  in  the  epithelium  between  the 
capillary  loops.  The  capillaries  are  sometimes  distended  and  plugged 
with  cells;  some  of  these  are  leucocytes;  others  are  larger  with  large 

'  For  It  Himl.v  of  thr  drvnlopmenl  of  Ihp  glQiiienili  and  its  relation  to  pathologica]  changes  see 
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nuclei  and  may  be  swollen  endothelium.  Hyaline  thrombi  are  often 
found  in  the.se  tuft  capillaries.  The  swollen  and  proliferating  tuft 
epithelia  often  undergo  fatty  degeneration  and  may  peel  off  into  the 
glomerular  space. 

In  some  cases  the  proliferation  and  exfoliation  are  extensive  and 

the  cells  may  collect  in  crescentic  masses  within  Bowman's  capsule, 
crowding  the  tuft  toward  its  hilus.  The  cells  in  these  crescentic  masses 
jnay  be  flattened  from  pressure  and  in  profile  appear  fusiform  (Fig.  501). 
The  capsular  epithelium  may  be  swollen  or  remain  apparently  intact 
while  there  is  a  large  cell  accumulation  from  the  tuft;  or  it  may  proliferate 
or  become  fatty  or  peel  off.  Swelling,  exfoliation,  and  proliferation 
of  the  glomerular  epithelium  in  some  degree  are  of  frequent  occurrence 

celb  nnd  other  exudate  within  Ihe  capsule. 

in  acute  nephritis.  They  are  sometimes  so  pronounced,  especially  in 
acute  nephritis  following  scarlatina,  either  with  or  without  extensive 
associated  lesions,  as  to  have  suggested  a  name  for  one  phase  of  the  lesion 

— glomendo-nephrilia.  There  is  sometimes  a  considerable  accumulation 
of  albuminous  exudate  between  the  tuft  and  capsule.  Such  albuminous 
material  in  specimens  fixed  by  alcohol  is  in  the  form  of  fine  granules  and 
may  lie  mingled  with  exfoliated  and  often  fatty  epithelium  or  cell 
detritus. 

Leucocytes  and  red  blood  cells  may  be  present  with  other  exudate 

within  Bowman's  capsule. 
The  Tubules. — The  lesions  of  the  tubules  of  the  kidney  in  the  early 

phases  of  acute  nephritis  are  largely  degenerative;  the  epithelium, 
especially  of  the  convoluted  tubules,  is  swollen  and  coarsely  granular 

(Fig.  495),  or  it  may  contain  few  or  many  fat  droplets  (Fig.  496) — albu- 
minous and  fatty  degeneration.  The  epithelium  may  become  necrotic 

and  may  disintegrate  or  peel  off  over  larger  or  smaller  areas.     Thus  the 
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lumina  of  the  tubules  may  contain  fragments  of  epithelium  or  detritus 

mingled  with  albuminoua  fluid — serum — red  blood  cells  and  leucocytes, 
or  hyaline  or  other  forms  of  casts  (Fig.  494).  Red  blood  cells  may  be 
extravasated  in  considerable  numbers  and  collect  in  the  tubules  or  pass 
on  with  the  exudates.  The  casts  and  other  exudates  may  be  present  in 
the  cortex  or  in  the  collecting  tubes  of  the  kidney. 

The  Inler-stitUU  Tissue. — This  in  early  phases  of  acute  nephritis  may 
be  CEdematous  or  it  may  be  more  or  less  infiltrated  with  leucocytes  or 

fibrinous  exudate.  Patches  of  new-formed  small  spheroidal  cells,  or 
larger  cells  with  conspicuous  cxcontric  nuclei  may  be  present  either  in 
the  vicinity  of  the  glomeruli  (Fig.  502)  or  near  the  interlobular  veins, 
or  a  general  thickening  of  the  interstitial  tissue  may  occur  even  very 
early  in  some  forms  of  acute  diffuse  nephritis,  particularly  in  those  fol- 

lowing scarlatina  and  diphtheria. 
We  have  thus  seen  that  in  the  early  phases  of  an  acute  inflammation 

of  the  kidneys,  such  as  may  occur  independently  or  in  connection  with 
acute  infective  processes  elsewhere,  there  is  an  involvement  of  all  the 
structural  units  of  the  organ,  the  glomeruli,  the  tubular  epithelium,  and 
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the  interstitial  tissue.  Such  a  process  involving  the  various  kinds  of 

tissue  is  called  diffuse,'  and  the  process  is  therefore  designated  Acute 
Diffuse  Nephritis. 

While  both  kidneys  are  involved  in  acute  diffuse  nephritis,  the  lesions 
in  each  are  by  no  means  uniform  either  in  extent  or  advancement  and 
are  often  patchy  or  irregular  in  distribution. 

Variations  in  Type  in  Acute  DiffuBe  Nephritis. — There  are  many 
variations  in  the  type  of  the  lesions  in  acute  diffuse  nephritis,  some  of 
which  seem  to  be  directly  dependent  upon  the  character  of  the  excitant, 
while  in  others  the  variations  cannot  as  yet  be  associated  with  known 
determining  conditions. 

If  one  guard  himself  against  the  notion  of  distinct  species  in  the 
lesions  it  is  convenient  to  recognize  certain  structural  variants  or  types. 
Thus  the  changes  in  the  glomerular  capillaries  and  epithelium  may, 

as  above  indicated,  he  prominent— j/onicrii/ar  ((/pe^(so-called  glomendo- 
nephritis)  (Figs.  501  and  502);  the  degenerative  process  in  the  tubular 

epithelium  may  be  extreme — parenchymatous  or  degenerative  type;  there 
may  with  other  lesions  be  considerable  ha'morrrhage  into  the  glomeruli, 
tubules,   and   interstitial  tissue — hemorrhagic   type.     With   or   without 
marked  structural   involvement 

of  the  parenchyma  and  intersti- 
tial tissue  there  may  be  an  exu- 

dative   inflammation    in    which 

serum  and  leucocytes  (Fig.  503) 
and  more  or  less  red  blood  cells 

may  gather  in  the  glomeruli  or 
tubules  and  with  various  forms  of 

casts  pass  off  in  the  urine.     This, 
which  is  common,  has  been  called 
by  Delafield  the  exudative  type  of 
atute  diffuse  nephritis.     Finally, 
with   any  one   or   more   of  the  j.[„^  sos.— aoute  Diwubi!  nephhitib. 
above  types  of  lesion  there  may  showing  pm  celli  and  gnnuUr  exudnl«  in  Uie 

be  eariy  and  significant  involve-     ̂ ^^;i''"^"™»"of'*urto.*«tif^i'*^^^^ 
ment  of  interstitial  tissue  of  the     ti-pe. 
kidney,  so  that  new  and  often 
very  cellular  tissue,  either  in  small  patches  or  through  a  large  portion 

of  the  organs,  may  lead  to  tubular  atrophy  and  to  serious  and  perma- 
nent structural  alterations.  This,  which  has  been  called  by  Delafield 

the  productive  type,  by  others  the  interstitial  type,  of  acute  diffuse 

nephritis  {Fig.  502),  is  most  frequent  as  a  comphcation  of  scarlatina; 
it  may  follow  diphtheria,  or  puerperal  infections,  and  may  occur  as 

an  apparently  independent  process.' 
Between  these  types  of  lesion,  largely  based,  as  will  be  seen,  upon  the 

'ItBhoulil  be  undiTBtooc!  that  (he  «-c.nl  ■' diffuse'- BQotusKl  in  thesense  of  wideepteud  or  unifonn, 

'Consult  for  an  inlerastinB  study  of  ■■acute  interatitlnl  r 
vol.  iii.,  p.  383,  1HH8.  Coimcilmon  r^iardB  the  new  cells  in 
cells"  drrli-ed  froDi  lymphoid  cells  of  the  blood. 
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relative  invoivement  of  the  structural  units  of  the  kidney,  are  many 
intermediate  forms  which  the  scope  of  this  book  does  not  permit  us  to 
consider. 

Kidneys  which  are  the  seat  of  acute  diffuse  nephritis  sometimes 
appear  almost  normal  on  pross  inspection.  But  in  more  typical  forma 
they  are  slightly  or  considerably  enlarged,  the  capsule  is  free,  the  cortex 
is  thickened,  and  either  reddened  or  pale  or  mottled  red  and  gray.  When 
the  interstitial  tissue  is  oedematoua  the  cortex  may  appear  translucent. 
The  glomeruli  may  be  red  or  pate  and  conspicuous  or  normal  in  appear- 

ance. The  pyramids  may  seem  unusually  red  by  contrast  with  the 
thickened   pale  cortex.     In   hsrmorrhagic   forms  of  acute  nephritis  in 

fibmuB  tissue,  with  thickfniog  of  (he  ualb  of  the  glomer 

which  blood  may  collect  in  the  glomeruli,  in  the  interstitial  tissue,  and  in 
the  tubules,  the  cortex  may  be  mottled  with  red. 

In  many  forms  of  acute  diffuse  nephritis,  particularly  if  the  inter- 
stitial tissue  be  not  considerably  involved,  resolution  may  take  place. 

The  Excitants  of  Acute  Diffuse  Nephritis. — In  many  cases  of  acute 
diffuse  nephritis,  the  process  seems  to  be  due  to  to.xic  substances  which 

are  formed  under  the  influence  of  micro-organisms  in  other  parts  of  the 
body  and  presumably  excreted  by  the  kidney  with  whose  cells  they  come 
into  intimate  contact  or  in  whose  metabolism  they  may  share.  Acute 
nephritis  is  also  induced  by  various  exogenous  poisons,  such  as  corrosive 
sublimate,  carbolic  acid,  cantharides,  and  many  others;  it  may  occur  with 
extensive  lesions  of  the  skin  and  after  exposure  to  cold.  In  the  acute 
nephritis  following  extensive  burns,  exposure  to  cold,  etc.,  it  is  probable 
that  the  poisonous  products  of  abnormal  body-cell  metabolism  are  the 
direct  excitants. 
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Bacteria  may  be  eliminated  from  tlie  body  through  the  kidney  some- 

times without  inducing  lesions  which  are  demonstrable  with  our  present 

technique.'  The  following  bacteria  have  been  found  by  numerous 

observei"s  in  the  kidney  and  in  the  urine,  in  acute  diffuse  nephritis:  the 
typhoid  bacillus,  pneumococcus,  streptococcus  and  staphylococcus,  the 

colon  bacillus,  and  others.  The  Plasmodium  malarias  may  be  present  in 

the  kidney  in  large  numbers.'  To  what  extent  the  kidney  lesions  are  due 
to  the  presence  of  these  organisms  themselves  and  to  what  extent  to 

eliminated  toxins  is  not  yet  clear. 

PeraUtent  and  Advaacing  Lesions  Following  Acute  Diffuse  nephritis. 

If  we  follow  the  alterations  which  the  kidney  in  acute  diffuse  nephritis  may  un- 
dergo, if  resolution  do  not  occur,  but  the  process  continue,  we  find  that  in  each  of  the 

three  structural  units  of  the  kidney,  the  glomeruli,  the  tubules,  and  the  interstitial 

tissue,  with  the  blood-vessels,  important  changeii  take  place  which  often  lead  to  slight 

or  to  marked'dcformities  of  the  organ,  and  to  such  minute  chan^^s  as  are  in  fact  char- 
acteristic of  what  we  are  wont  to  call  chronic  diffuse  nephritis. 

The  capillaries  of  the  tufts  may  l)ecome  partly  or  wholly  obliterated  by  a  gradual 
thickeninfc  of  their  walls  and  an  increase  of  the  connective  tissue  between  them,  while 

at  the  same  time  Bowman's  capsule  is  thickened  and  contracts  upon  the  altered  tuft 
(Fig.   504)   with  which   it  may   unite  so  that  the 
glomerulus  may  finally  be  represented  by  a  small, 
dense  spheroidal  mass  of  fibrous  tissue  (Fig.  505). 

The  interstitial  tissue  of  the  kidney  may  be  in- 
creased in  patches,  most  often  at  first  near  the 

glomeruli  or  along  the  interlobular  veins.  This 
tissue  may  at  first  be  quite  cellular,  resembling  a 

collection  of  small  spheroidal  cells  or  larger  poly- 
hedral cells,  among  which  new  fibrillar  stroma  may 

develop;  or  there  may  be  a  more  diffuse  increase  of 
connective-tissue  cells  and  stroma.  As  this  new- 
formed  fibrous  tissue  grows  less  cellular  it  contracts. 

the  tubules  which  it  encloses  are  atrophied,  the  epi- 
thelium may  undergo  fatty  degeneration  and  peel 

oft  or  l)ecome  flattened,  casts  may  lie  present  in  the 
narrowed  lumen,  and  the  tubules  may  at  last  be 
represented  by  a  small  cluster  of  flattened  cells  with 
out  distinct  tubular  structure   or  thev  may  disap 

pear  altogether  (Fig   504)      Such  islets  or  masses      F""   505  — Atbophwd  Glouerdl™ 

of   new  formed    fil>rous   tissue   enclosing   variously        _^   ""     "oo«ic   Nephkitw 
altered  and  atrophied  remnants  of  glomeruli   and  *  *miiM  "tb^iro^  t!^c     "' tubules   var>    greatly  m  size   and    usually    merge 
gradually  into  le^^  altered  kidney  tissue  When  they  arc  formed  near  the  surface 
of  the  kidnei  the  shrinkage  of  the  fibrous  ti-sue  which  is  continuous  nith  the 

inner  layers  of  the  capsule  mav  draw  the  surface  inward  leading  between  the  irregu- 
lar depressions  the  areas  of  less  altere<l  or  otherwise  altered  kidney  tissue  somewhat 

projecting  in  irregular  knobs  or  granules  Thus  arise  the  granular  surface  and  the 
adhesion  of  the  capsule  which  are  frenuent  in  some  forms  of  persistent  diffuse 
nephnlis 

>S«B,rrfIandAmM  A«h  f  Exp  P.th  u  Phar Bti    IltlMl p   1    1S96  bbliocraph) 

Klerk,   tbiJ     Bd   Jtxxix    p    l-i    1897   »l»  iiUmoBi.  Df liD   ̂ led    Bd  Lui    p  J2. 
Soc  nlflo  rrtcrpiirra  pnitp  151 

'  For  n  flt  1  li  of  in  iljrifll  rfphntis  sre  Tiotfo-  Am  J ™r  Med  Sci 
s«  tor  the  slu  ii  of  B  C-I8P  of  acute  malannl  nrnhnl ^».Ih  targe  n umbera  of  pania.ttB  in 
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In  the  parts  of  the  kidney  less  involved,  or  not  at  all  involved  in  the  production  of 
new  fibrous  tissue,  the  tubules  may  undergo  marked  alterations.  Thus  the  epithelium 
may  be  swollen  and  coarsely  granular  or  fatty;  it  may  become  necrotic  so  that  the 
nucleus  fails  to  stain;  it  may,  when  necrotic  or  degenerated,  peel  off  or  disintegrate  so 
that  the  tubules  may  be  extensively  denuded.  On  the  other  hand,  the  epithelium  may 
remain  in  position  but  be  much  thinner  than  normal,  while  the  lumen  is  largely  dilated. 
This  may  take  place  by  the  blocking  of  the  tubules  below  by  desquamated  cells  or  by 
compression  of  new-formed  interstitial  tissue.  The  whole  tubule,  not  merely  the 
lumen,  may  be  dilated  and  irregular  in  shape,  with  well-preserved  or  fatty  or  other- 

wise altered  epithelium.     Casts  of  various  forms  may  be  present. 

Chronic  Diffuse  Nephritis. 

General  Considerations. — We  have  seen  that  when  the  infliamniatory 
process  in  the  kidneys,  at  first  acute,  is  protracted,  both  the  degenerative 
and  the  productive  lesions  may  become  more  marked  and  extensive. 
Thus  with  a  preponderance  now  of  the  interstitial  alterations  and  again 
of  the  degenerative  or  other  changes  in  the  parenchyma,  the  kidneys 
in  a  condition  of  chronic  diffuse  nephritis  may  present  a  considerable 
variety  in  gross  as  well  as  microscopical  appearance.  They  are  some- 

times larger  than  normal,  as  is  often  though  not  always  the  case  when  the 
parenchyma  is  more  conspicuously  involved;  or  smaller,  as  is  usual  when 
the  interstitial  lesions  are  widespread  or  advanced. 

Although  there  is  no  sharp  line  of  separation,  either  clinical  or  mor- 
phological, to  be  drawn  between  acute  and  chronic  diffuse  nephritis,  it 

is  convenient  to  group  kidney  lesions  in  this  way  with  the  understanding 
that  many  intermediate  forms  exist,  as  must  be  the  case,  since,  as  we 
have  seen,  acute  nephritis  may  pass  gradually  into  the  chronic  form. 

While  acute  diffuse  nephritis  may  be  followed  by  the  alterations 
which  have  just  been  summarized  and  which  are  characteristic  of  certain 
phases  of  chronic  diffuse  nephritis,  the  latter  process,  it  should  be  remem- 

bered, is  by  no  means  always  or  usually  preceded  by  an  acute  form  of 
inflammation. 

In  some  phases  of  chronic  diffuse  nephritis,  although  interstitial 
alterations  are  present,  the  lesions  of  the  tubules  may  be  the  most  prom- 

inent feature;  thus  albuminous  and  fatty  degeneration,  disintegration, 
flattening  and  peeling  of  the  epithelium,  the  formation  of  casts,  the 
dilatation  of  the  tubules,  etc.,  may  be  most  conspicuous.  In  another 
morphological  group  of  kidneys  in  chronic  diffuse  nephritis,  while  there 
are  many  alterations  in  the  tubules,  the  most  marked  change  is  the 
increase  in  amount  and  the  subsequent  contraction  of  the  interstitial 
fibrous  tissue  with  atrophy  of  the  tubules  and  glomeruli  and  the  conse- 

quent diminution  in  size  and  alteration  in  shape  and  consistence  of  the 
organ.  Between  these  extremes  of  lesion  there  are  all  intermediate  forms, 
in  kidneys  which  are  larger  than  normal,  of  normal  size,  or  smaller  than 
normal. 

In  endeavoring  to  classify  or  group  the  lesions  in  chronic  diffuse 
nephritis,  one  encounters  difficulties  similar  to  those  which  beset  a  like 
attempt  in  the  acute  forms  of  renal  inflammation.  But  the  difficulties 
are  enhanced  in  the  former  case  by  the  fact  that  the  conditions  under 
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which  the  lesions  develop  are  far  more  diverse  and  variable  and  at  the 
eame  time  are  often  much  more  obscure. 

If  we  leave  out  of  sight  for  the  moment  the  conditions  under  which 
chronic  diffuse  nephritis  may  arise  and  the  direct  excitants  which  with 
more  or  less  certainty  can  be  fixed  upon  as  important,  and  confine  our 
attention  to  morphology,  it  is  at  least  convenient  to  place  in  one  group 
as  above  indicated  kidneys  in  which,  while  there  may  be  important 
changes  in  the  glomeruli  and  in  the  interstitial  tissue,  the  most  marked 
lesions  are  in  the  tubular  epithelium.  This  may  conveniently  be  called 
the  parenchymatous  or  defff  iterative  ti/pe  of  chronic  diffune  nephritis. 

edaa,  while  at  tbe  rigbt  Che  lumioB  of  the  tubules  are  dilated.  hiUi  aatleaint 

On  the  other  hand,  there  is  another  large  and  important  class  of  kid- 
neys which  are  characterized  morphologically  by  a  relatively  prominent 

increase  in  the  amount  of  interstitial  fibrous  tissue  with  associated  destruc- 
tion by  atrophy  or  otherwise  of  the  tubular  structures.  This  may  be 

called  the  interstitial  type  of  chronic  diffuse  nephritis. 
In  considering  this  in  many  respects  artificial  grouping  of  persistent 

inflammatory  kidney  lesions,  it  should  be  remembered  that  while  the 
parenchymatous  and  the  interstitial  types  of  lesion  may  originate  as  such 
and  so  persist,  the  lesion  of  the  parenchymatous  type  may,  as  the  disease 
progresses,  assume  the  characters  of  the  interstitial  form. 

Parenchymatous  Type  of  Chronic  Diffuse  Nepbiitts. — This  may  origi- 
nate in  an  acute  diffuse  nephritis,  but  more  frequently  develops  indepen- 

dently of  this.  As  in  other  forms  of  diffuse  nephritis,  the  tubules,  the 
glomeruli,  and  the  interstitial  tissue  are  more  or  less  involved.     The 
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lesions  are  moat  marked  in  the  cortpx  (Fig.  SOU),  and  here  the  epithelium 
may  be  swoUen  and  coarwely  granular  or  i^  often  fatty.  Droplets  of  clear 

fluid  may  form  within  the  epithelium— so-i- a! led  "vacuoles."  The  epi- 
thelium may  be  finttenetl  or  It  may  peel  off  or  disintegrate  and  the  cells 

and  cell  detritus  together  with  leucocytes,  red  blood  cells,  and  casts  may 
collect  in  the  irregular  and  often  widened  lumina.  The  casts  may  be 
hyaline  or  granular  or  epithelial,  or  they  may  be  covered  with  leucocytes 

or  red  blood  cells.  In  the  glomeruli,  the  tuft  and  capsule  cells  may 
swell  and  proliferate  and  peel  off  (Fig.  507);  albuminous  fluid  which  in 
specimens  hardened  in  alcohol  is  represented  by  a  granular  precipitate 
may  be  present  in  the  intracapsular  space  and  in  the  tubules.  The 
interstitial  tissue  may  be  increased  in  amount,  usually  in  eircumscribed 
regions,  and  here  the  enclosed  tubules  are  atrophictl.  Not  infrequently 
more  or  lens  extensive  ha>morrhagcs  occur. 

If  the  disease  have  been  of  long  .standing  the  new-formed  interstitial 
tissue  may  be  present  in  considerable  amount  with  much  destruction  of 
the  tubules.  The  glomeruli  may  be  compromised  by  the  thickening  of 

Bowman 's  capsule  and  the  obliteration  of  the  capillaries,  so  that  at  length 
the  tuft  and  capsule  may  fuse  and  the  glomeruli  may  be  represented  by 



THE    URINARY    ORGANS  765 

dense  fibrous  nodules  (Fig.  505).  The  growth  of  interstitial  tissue  in 
patches  may,  when  near  the  surface  of  the  organ,  bind  the  capsule  to  the 
kidney  so  that  in  its  removal  small  masses  of  the  parenchyma  may  be 
stripped  olT,  leaving  a  rough  surface  on  which  grayish  depressed  areas, 
corresponding  to  the  interstitial  growth,  are  intermingled  with  more 
projecting  light  or  yellowish  portions,  in  which  albuminous  or  fatty  degen- 

eration of  the  tubular  epithelium  may  be  marked  and  extensive.  Very 
often  the  new  fibrous  tissue  develops  along  the  course  of  the  interlobular 

vessels  so  that  cylindrical  or  narrow,  wedge-shaped  areas  are  aflfectecl, 
extending  inward  from  the  capsule  (Fig,  508).     Amyloid  degeneration 

Fio.  608,— Chbonic  Dcrrcs 
F^howiog  n  weilge-ehoped  inu3  of  aew- 
ey.  to  which  H  13  firmly  nttaohetl.     The 
Its  eb«where  show  varioua  dcgcncraliv 

oranKl  tissue  Ettimding 

epithelial  chang«. 

involving  the  capillary  tufts,  the  vasa  recta,  and  the  larger  arterial  trunk 
is  common. 

Such  kidneys  as  have  just  been  described  present  varying  gross 

appearances  which  are  dependent  upon  the  character,  extent,  and  dis- 
tribution of  the  lesions.  Some  are  larger  than  normal  with  a  thickened 

whitish  or  yellowish  cortex.  These  are  often  called  large  white  kidneys. 
But  kidneys  with  essentially  similar  lesions  are  not  always  large,  are  often 
nearly  normal  in  appearance,  or  piay  be  smaller  and  with  a  cortex  thinner 
than  normal.  If  hjpmorrhage  into  the  tubules  or  interstitial  tissue  be  a 
marked  feature  of  the  lesion,  the  cortex  may  be  reddish  or  mottled  red 
and  yellow.     Such  are  the  so-callett  larye  red  kidn^s. 
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Arterio-eclerosiB  and  cardiac  hypertrophy  frequently  accompany  this 
type  of  kidney  lesion. 

Interstitial  Type  of  Chronic  Diffuse  Nephritis. — The  type  of  chronic 
diffuse  nephritis  in  which  the  growth  of  interstitial  tissue  ie  conspicuous, 
which  may  be  called  the  interstitial  or  indurative  type,  apparently  some- 

times represents  a  later  phase  of  the  parenchymatous  type;  or  it  may 
result  from  chronic  congestion,  or  be  associated  with  arterio-sclerosis;  but 
it  appears  to  be  more  frequently  an  independent  process.  As  the  new 
interstitial  tissue  which  is  formed  in  patches  or  streaks  or  large  masses 
gradually  becomes  less  cellular,  more  dense,  and  shrinks,  the  kidneys  are 
usually  smaller  than  normal  and,  owing  to  the  uneven  distribution  of 

capsule  L UiiFkened  and  adherent,  especially  Ic the  denie  mu 
on  in  *hic At  the  ri,ht  th 
ibe  lUDiia a  of  the  Oibulea  are  dilated,  the  epithe sling  and  ftatlened. 

the  lesion,  rough  upon  the  surface  when  the  thickened  and  adherent 
capsule  is  stripped  off.  The  areas  of  the  cortex  in  which  the  fibrous 
tissue  is  most  abundant  (Fig.  509)  are  grayish  or  translucent  and  depressed, 
while  the  parenchyma  between,  often  fatty,  projects  as  yellowish  rounded 

knobs  or  granules.  This  condition  is  therefoi-e  sometimes  spoken  of  as 
"granular  atrophy,"  and  such  kidneys  are  often  called  "granular  kid- 

neys" or  "atrophied  kidneys."  The  tissue  is  firm  and  resistant  to  the 
knife;  and  on  section  the  cortex  is  seen  to  be  in  general  thinned,  often 
extremely  so,  some  portions  being  much  more  atrophied  than  others. 

Small  cysts  of  various  sizes  may  be  formed  from  dilatation  and  coales- 
cence of  tubules.  The  cortex  is  u.sually  more  involved  than  the  medulla. 

The  fat  with  which  the  kidney  is  surrounded  is  often  largely  increased. 
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On  microscopical  examinatioa  the  new-formed  interatitial  tissue  is 
sometimes  in  patches  {Fig.  510)  or  streaks  along  the  course  of  the  inter- 

lobular vessels,  with  less  affected  regions  between  them.  In  these 
fibrous  portions  there  may  be  flattening  of  the  epithelium  and  various 
degrees  of  atrophy  or  complete  destruction  of  the  epithelium  and  the 
tubules.  Between  these  fibrous  regions,  little  altered  tubules  may  be 
present,  or  those  with  granular  and  fatty  degeneration,  exfoliation,  and 
disintegration  of  the  epithelium.  Various  forms  of  casta  may  be  present 
in  the  tubules;  the  epithelium  may  be  flattened  with  enlargement  of  the 
lumen.  The  glomeruli  are  variously  altered;  thus  there  may  be  thicken- 

ing of  the  capillary  walls  and  of  Bowman's  capsule  (Fig,  511),  increase 

and  exfoliation  of  the  tuft  and  capsular  epithelium,  or  a  more  or  less 
complete  conversion  of  the  glomerulus  into  a  knob  of  dense  fibrous  tissue. 
Occasionally  there  is  partial  or  complete  atrophy  of  the  tuft  with  more 
or  less  dilatation  of  the  capsule.  Thus  small  cysts  are  formed  lined 
with  flat  cells  and  containing  a  homogeneous  or  granular  fluid  and 
sometimes  small  masses  of  calcium  salts.' 

In  advanced  phases  of  the  lesion  the  kidney  may  be  very  small;  then 
a  large  part  of  the  tissue  is  involved;  and  while  the  atrophy  is  always 
more  marked  in  some  places  than  in  others,  it  is  often  difficult  to  find 
any  normal  structural  elements. 

Fibrous  thickening  of  the  walls  of  the  arteries  and  veins  of  the  kid- 
neys is  usual  in  this  type  of  chronic  diffuse  nephritis  (Fig.  512).     Amy- 

'ForastudyofatrophieglomemlarcystsiwoSwj-.  Amor.Joiir.  Med.  Sci.,  ToLciiviL,  p.  eil.1904. 
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lokl  degeneration  of  the  vessels  is  not  infrequent.  The  heart  is  often 
greatly  hypertropliietl,  and  general  arterio-selerosis  is  common.' 

VarlaUons  in  Type  In  Chronic  Diffuse  Nephritis. — There  are  many 
variants  in  the  two  types  of  chronic  diffuse  nephritis  which  we  have 
briefly  described.  It  is  possible  to  indicate  in  a  general  way  morpho- 

logical appearances  which  are  frequently  present  and  more  or  leas  charac- 
teristic of  each  of  the  variants  when  the  kidney  lesions  occur  in  connection 

with  either  gout  or  chronic  visceral  congestion'  or  arterio-selerosis  or syphilis.     But  these  variations  in  form  cannot  be  further  considered  here. 
The  diverse  appearances  which  the  kidneys  present  in  chronic  diffuse 

nephritis  are,  as   we  have  seen,  largely  due  to  variations  in  local  and 

Flo,  511.— Chbon 

general  tissue  vulnerability  or  to  the  rapidity  and  to  the  stage  of  develop- 
ment of  the  lesions  as  well  as  to  the  nature  of  the  excitants.  But  acute 

inflammatory  proces.'^cs  not  infrequently  supervene  in  kidneys  which  are 
the  scat  of  slowly  developed  chronic  processes/  so  that  lesions  typical  of 
both  acute  and  chronic  nephritis  are  not  infrequently  associated.  Finally 
it  is  evident  that  the  grouping  of  the  kidneys  in  chronic  diffuse  nephritis 

in  accordance  with  the  structural  elements  of  the  organ  most  conspic- 
uously involved  is  essentially  artificial,  since  this  in  many  cases  is  simply 

an  indication  of  the  period  of  the  disease  at  which  the  patient  died. 

The  Excitants  of  Chronic  Diffuse  Nephritis.— The  conditions  under 
which  chronic  diffuse  nephritis  occurs  are  most  diveree.  Thus,  judging 
from  the  clinical  history,  it  may  be  a  primary  process;  it  may  follow 

I  For  on  experimental  ^lutly  of  the  relationfhip  bclneen  deftnirtion  of  rcnnl  pBreDchymii  nod 
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infectious  diseases  either  with  or  without  a  previous  acute  nephritis;  it 
is  not  infrequently  associated  with  gout  and  syphihs,  with  lead  poisoning, 
with  excessive  use  of  alcohol,  with  arterio-selerosis,  with  peneral  chronic 
congestion  of  the  viscera,   with   chronic  suppurative  and  tuberculous 
processes,  and  appears  in  many  cases  to  develop  under  the  influence  of 
dietetic  excesses  and  protracted  gastro-intestinal  disorders.     The  nature 
of  the  excitants  under  these  various  con- 

ditions is  most   obscure.     Although  in 
gout,  lead  poisoning,  alcoholism,  etc.,  a 
fairly  definite  inciting  toxic  agency  may 
be  assumed,  the  exact  mode  of  action  of 
such    extrinsic    or    intrinsic    poisons   is 
almost  wholly  unknown.     In  regard  to 

other  excitants  of  chronic  diffuse  nephri-     ' 

tis,  the  prevalent  views  as  to  thcimpor-     ' tance   of   disturbed  metabolism  in   the 
body  which  may  lead  to  the  excretion 
of  abnormal  harmful  products  favor  the 
conjecture  that  in  many  cases  at  least 

both  the  degenerative  and  the  pro-  fiq.  si;.— CbhonicOblitkrahho 

ductive  processes  may  be  the  marks  of  wrTH*("i«)NicDii'FCBE^NEPHRiTis. "''''" 
a  persistent  auto-intoxication. 

The  relationship  between  arterio-selerosis  and  chronic  kidney  lesions 
is  not  clear.  Nor  is  it  certain,  assuming  the  initial  importance  of  ohstruc- 
tive  vascular  lesions,  whether  the  new  formation  of  fibrous  tissue  should 
be  regarded  as  a  primary  productive  inflammation  or  as  replacement 
hyperplasia  secondary  to  epithelial  degeneration  and  tubular  atrophy. 

The  trend  of  opinion  to-day  is  rather  toward  the  belief  that  destructive 
changes  in  the  epithelium  are  usually  primary,  while  the  new  connective 
tissue  formed  is  reparative. 

If  should  be  remembered  that  in  most  cases  the  lesions  of  chronic 

diffuse  nephritis  are  not  independent,  but  are  usually  associated  with 
those  of  other  viscera.  The  significance  of  this  association  varies  greatly. 
While  the  kidney  lesions  may  be  primary  they  are  very  often  secondary 
to  other  visceral  abnormalities,  or  the  whole  series  of  lesions  may  be 

dependent  upon  a  common  known  or  unknown  etiological  factor.' 

Tuberculous  Nephritis. 

Miliary  tubercles  may  be  present  in  the  kidney  in  general  acute  mili- 
ary tuberculosis  or  in  a  localized  tuberculous  inflammation  which  is  most 

marked  elsewhere.  Renal  tuberculosis  is,  however,  most  often  associated 

with  tuberculous  processes  in  other  parts  of  the  genito-urinary  tract.  It 
is  not  infrequently  primary  in  the  kidney  and  then  is  often  unilateral. 
If  only  one  kidney  be  involved  the  other  may  become  the  seat  of  chronic 

1  Fur  Htiidics  hpurinfc  on  cxpcrimpntsl  nephritis  ace  Tliorft.  Dcut.  Arrh.  f.  klin.  Med..  Bd.  Ixxvii. 
p.  29,  ISO:!;  abo  t'uvf  nnrt  CnmlU.  fomptm  rend  hoc.  biol,.  I.  Ivi..  1904.  p.  650.  Abo  £'nier»n, Arch.  Ini.  .McJ.,  19«W,  i,  4S5;  and  Peanr,  Hill  Bnd  EiimbrrD,  Jour.  Exp.  Med.  xii,  196. 1910. 
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diffuBp  nephritis  with  naxy  degeneration  of  the  walls  of  the  arteries. 
Tuberfulous  inflammation  may  occur  in  a  kidney  already  the  seat  of 
chronic  inflammatory  chanpes. 

The  process  is  apt  to  begin  in  the  mucous  membrane  of  the  pelvis  and 
calyces,  and  extend  from  thence  first  to  the  pyramidal  and  afterward  to 

the  cortical  portion  of  the  kidney.'  In  the  mucous  membrane  of  the 
pelvis  and  calyces  there  it*  a  growth  of  new  cellular  tissue  studded  with 
tubercle  granula,  while  the  epithelial  cells  proliferate,  become  deformed, 

and  desquamate.  This  process  is  often  soon  followed  by  cheesy  degen- 
eration of  the  inflammatory  products.  Similar  changes  occur  in  the 

kidney  which  may  become  extensively  involved  and  largely  destroyed. 
The  portions  of  the  organ  which  do  not  share  directiy  in  the  tuberculous 
proce.is  often  develop  lesions  of  the  interstitial  type  of  chronic  diffuse 
nephritis  or  of  suppuration.  Thus  the  kidney  may  become  hollowed  out 
into  a  series  of  ragged  cavities  with  caseous  antl  disintegrating  walls 
(Fig.  513).  Sometimes  the  process  comes  to  a  standstill,  and  then  the 

caseous  portions  may  be  infiltrated  with  salts  of  lime.' 

SvpHiLlTir  Infl.amm.ation. 

Oummata  of  the  kidney  are  of  occasional  occurrence.  \  close  rela- 
tionship lietween  syphilitic  arteritis  and  atrophied  forms  of  chronic 

diffuse  nephritis  -seems  probable.' 
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SUPPURATIVE  PYiXTTIS  AHD  PYELO-HEPHRITIS. 

Suppurative  Pyelitis  is  often  associated  with  suppuration  of  the  kid- 
ney substance,  more  frequently  with  a  similar  process  in  the  bladder  or 

ureters.  But  it  may  occur  by  itself.  If  is  incited  by  the  same  micro- 
organisms as  are  concerned  in  the  induction  of  the  associated  lesions  in 

the  kidney  and  bladder;  in  the  latter  case,  it  is  most  often  the  Bacillus 
coli  communis,  the  streptococcus  pyogenes,  and  Staphylococcus  pyogenes. 

The  mucous  membrane  of  the  pelvis  may  be  congested,  thicker  and 
more  opaque  than  normal,  and  coated  with  pus  or  with  patches  of  fibrin. 
The  presence  of  pelvic  calculi  is  to  be  regarded  as  a  predisposing  rather 
than  as  a  direct  inciting  agent  in  suppurative  pyelitis. 

Suppurative  Ureteritis. — The  conditions  under  which  suppurative 
inflammation  of  the  ureter  occurs  are  similar,  as  is  the  general  appearance 
of  its  mucous  membrane,  to  those  just  indicated  in  the  pelvis. 

Suppurative  Pyelo -Nephritis  with  Cystitis. — In  this  association  of 
lesions  of  the  bladder  and  kidneys,  which  is  usually  initiated  by  the 
inflammation  of  the  bladder,  the  affection  of  the  kidneys  is  commonly 
bilateral.  The  suppurative  areas  in  the  kidney  may  be  in  the  form  of 
small  abscesses  scattered  through  the  kidneys,  or  in  the  form  of  elongated 
whitish  streaks  or  wedges  between  the  tubules  (see  Fig.  4!)9).  The 
purulent  foci  are  often  surrounded  by  a  red  zone  of  congestion. 

The  kidney  tissue  in  the  vicinity  of  the  abscesses  may  be  necrotic,  the 
outlines  of  the  cells  being  preserved  but  their  nuclei  absent  or  not  revealed 
by  the  usual  staining  agents. 

The  infective  agent  may  traverse  the  ureters  in  passing  from  the 
inflanie<l  bladder  to  the  kidneys,  leaving  the  mucous  membrane  of  the 
ureter  intact. 

Chronic  Pyelo-Nephritis. — Chronic  cystitis  or  calculi  in  the  pelvis  of 
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the  kidneys  may  set  up  a  chronic  inflammation  which  involves  both  the 
pelvis  and  calyces  and  the  kidney  tissue.  The  mucous  membrane  of  the 
pelvis  and  calyces  is  thickened,  the  epithelial  layer  is  changed,  there  is  a 
growth  of  granulation  tissue  beneath  the  epithelium,  and  there  may  be 
little  polypoid  outgrowths.  The  surface  of  the  mucous  membrane  is 
coated  with  pus  or  fibrin,  or  the  cavity  of  the  pelvis  and  calyces  is  dilated 
and  distended  with  purulent  serum  (Fig.  514). 

The  kidney  itself  is  the  seat  of  a  chronic  interstitial  inflammation 
with  the  production  of  new  connective  tissue,  and  sometimes  of  pus, 
with  obliteration  of  the  renal  tubules. 

HYDRONEPHROSIS. 

Dilatation  of  the  pelvis  and  calyces  of  the  kidneys  may  be  congenital 

and  may  be  associated  with  other  malformations.  The  pelves  and  caly- 
ces of  both  kidneys,  and  the  ureters,  are  distended  with  urine;  the  bladder 

also  may  be  distended  and  its  wall  hypertrophied.  The  urethra  may 
be  closed,  or  no  obstruction  can  be  demonstrated. 

In  adults  hydronephrosis  may  follow  mechanical  obstruction  of  the 
urethra  or  ureters  (Fig.  515),  from  inflammation,  tumors,  or  calculi. 
According  to  the  position  of  the  obstruction,  either  one  or  both  kidneys 
are  involved. 

The  pelvis  and  calyces  are  dilated,  sometimes  enormously,  and  filled 

with  urine  alone  or  urine  mixed  with  pus.  The  kidney  tissue  is  flat- 
tened and  thinned  over  the  distended  cavities.  Its  texture  may  remain 

unchanged,  or  there  may  be  developed  suppurative  pyelo-nephritis  or 

chronic  diff'use  nephritis. 

PERINEPHRITIC  SUPPURATION. 

The  loose  connective  tissue  about  the  kidney  may  become  the  seat  of 
suppurative  inflammation.  This  may  follow  mechanical  injury  or  may 
be  secondary  to  suppurative  or  other  inflammatory  processes,  such  as 
caries  of  the  spine,  empyema,  pelvic  cellulitis,  puerperal  parametritis, 
perityphlitis,  and  suppurative  nephritis.  It  may  be  associated  wath 
acute  infectious  diseases  in  children.  The  suppuration  may  extend  back- 

ward through  the  muscles;  downward  into  the  iliac  fossa,  the  perineum, 
the  bladder,  the  scrotum,  or  the  vagina;  forward  into  the  peritoneal 
cavity  or  the  colon;  or  upward  through  the  diaphragm. 

The  kidney  itself  may  be  simply  compressed  by  the  abscess  or  become 
involved  in  the  suppurative  process. 

CYSTS  IN  THE  KIDNEYS. 

Cysts  are  formed  in  the  kidneys  both  during  intra-uterine  and  extra- 
uterine life. 

Congenital  Cystic  Kidneys  are  often  striking  objects.  Either  one  or 
both  kidneys  may  be  greatly  enlarged  and  converted  into  a  mass  of 
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cysts  (Fig,  516).  The  cysts  are  of  various  sizes  and  are  separated  from 
each  other  by  fibrous  septa  or  compressed  kidney  tissue.  They  may  con- 

tain a  clear  yellow,  acid  fluid  holding  in  solution  the  urinary  salts;  or 
the  fluid  is  turbid  and  brown,  and  contains  blood,  uric-acid  crystals,  and 
cholesterin.  The  cysts  are  often  lined  with  a  single  layer  of  flat,  polyg- 

onal cells.  Some  of  them  seem  to  be  formed  by  a  dilatation  of  the 
tubules  and  of  the  capsules  of  the  Malpighian  bodies.  As  causes  for  such 
dilatations  there  may  be  found  obliteration  of  the  tubes  in  the  papillfe. 

and  stenosis  of  the  pelvis,  ureters,  bladder,  or  urethra.  Other  congenital 
malfomiiitions  are  often  associated  with  this. 

Cysts  of  tbe  Kidney  in  the  Adult  may  be  single  and  occur  in  otherwise 
normal  organs.  There  may  be  one  or  more  cysts  filled  with  clear  or  brown 
serum  or  jretatinous  material  (Fig.  517).  These  cysts  do  not  appear  to 
interfere  with  the  function  of  the  kidneys. 

In  chronic  diffuse  nephritis,  especially  in  the  atrophic  form,  groups 
of  tubes  may  be  dilated.  Apparently  one  or  more  of  the  larger  tubes 
in  the  pyramids  arc  obstructed,  and  this  causes  dilatation  of  a  correspond- 

ing group  of  tul>es.     Such  a  dilatation  may  be  moderate  in  size,  or  it 
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may  form  cysts  visible  to  the  naked  eye.     Very  small  cysts  of  Bowman 's 
capsule  may  form  with  atrophy  of  the  vascular  tuft. 

Occasionally  both  kidneys  are  very  much  enlarged  and  converted 
into  a  mas.H  of  cysts  containing  clear  or  colored  serum  or  gelatinous  mate- 

rial. The  nature  of  these  cysts  is  uncertain;  they  may  be  congenital. 

They  are  sometimes  associated  with  similar  cysts  in  the  liver.' 

Only  verj-  email  uortions  ol  tho  kidne/  tisJiup  reamin.  rrowiecl  between  Ihe  cj-bi!. 

Small  multiple  cysts  of  the  ureter,  lined  with  flattened  or  cuboidal 
epithelium,  are  of  occasional  occurrence,  and  may  be  associated  with 
similar  cysts  in  the  pelvis  of  the  kidney.  Such  cysts  in  the  ureter  may  he 

pedunculated.' 
RENAL  CALCULI. 

In  the  kidneys  of  new-bonj  children,  from  the  firat  to  the  fourteenth 
day  after  birth,  the  large  tubes  of  the  pyramids  often  contain  small 
brownish,  rounded  bodies  composed  of  the  urates  of  ammonium  and 
sodium.  Similar  masses  mny  also  be  present  in  the  calyces  and  pelves. 
In  still-born  children  these  masses  are  usually  absent.     The  carbonate 

I  For  B  fliuily  of  cyMc  kEHney  with  exleniive  liibl.  see  Ril<-hit.  Lnhoratar^'  Reiiorts.  Roynl  Cull. 
ofPhi-a,.  Edinhunth,  vol.  iv.^al.wBniwnuvirfA.  Vin-h.  Anrh..  ».i,  elxMvi..  p.  341.  190e.  i»bl. 

'Forardurmtof  tyataottheurelcrwithliihl.  »™Hom'«,  Am.  MH..  vol.  iii..  p.  r;il.  1902. 
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and  phosphate  of  lime  may  be  deposited  in  the  tubes  of  the  pyramids,  in 
the  form  of  white  linear  masses,  in  the  kidneys  of  old  persons  and  of  those 
who  have  suffered  from  destructive  diseases  of  the  bones. 

Urate  of  soda  in  the  form  of  acicular  crystals  is  deposited  both  in  the 
tubes  and  stroma  of  the  kidneys  of  gouty  persons. 

Concretions  of  the  urinary  salts  are  often  formed  in  the  pelves  of  the 
kidneys.     They  may  remain  there  as  rounded  nia.sses  (Fig.  518),  or  they 
may  attain  a  large  size  and  be  moulded  into  the  shape  of  the  pelvis  and 

calyces.     Smaller  calculi  may  pass  into  the  ui-eter  and  either  become 
impacted  there  or  pass  through  it  into  the  bladder.     The  most  common 
form  of  calculus  is  that  composed  of  uric  acid.     But  they  may  also  be 

formed  of  uric  acitl  with  a  shell  of 

oxalate  of  lime,  or  of  oxalate  of 
lime  alone,  or  of  the  phosphates,  or 
of  cystin. 

The  most  serious  result  of  the 

presence  of  these  calculi  is  the  oe- 
clu.sion  of  the  ureters  or  the  incite- 

ment of  pyelo -nephritis. 

Smal  I  fibromata,  Upomata, '  mjo  - 
mata,  and  angiomata  may  occur  in 
the  kidney  and  with  the  exception 
of  the  fibromata  are  most  common 

in  the  cortical  portion.  Papilloma 
may  form  in  the  mucous  membrane 

519  _s        \      „     „   K  "^  '^''*'  pelvis.     Sarcoma,  myio-sar- 
situated  iii  thi  cortei.  coma,  and  endothelioma,  often  of 

large  size,  may  develop  in  the  kid- 
ney. These  tumors  are  frequently  soft  and  vascular  and  are  prone  to 

haemorrhage.  Primary  sarcoma  of  the  kidney  is  common  in  children. 
Secondary  sarcoma  of  the  kidney  is  not  rare. 

There  are  mixed  tumors  of  the  kidney  often  occurring  in  childhood 
and  having  a  sarcomatous  and  adenomatous  character;  or  they  may 
contain  mucous  or  clastic  or  muscle  tis.sue  with  structures  suggesting 

glomeruli.     These  tumors  are  of  doubtful  origin.' 
Adenoma  is  of  frequent  occurrence  in  the  kidneys.  It  usually  origi- 

nates in  the  cortex  and  may  be  invisible  to  the  naked  eye  (Fig.  519),  or, 
in  the  form  of  a  well-defined,  circumscribed  nodule  (Figs.  520  and  521), 
it  may  inva<lo  the  medulla  or  largely  replace  the  kidney.  The  adeno- 

mata are  usually  light  in  color  save  when  very  vascular  with  hfemorrhage, 
and  they  may  be  separated  from  the  kidney  structure  by  a  fibrous  capsule. 

Such  tumors  are  not  rare  in  children.* 
I  Sw  [or  BtuciLei  of  Upi.mii  ryirh.  ZipglcKe  Bcilr.  i.  piith.  Aogt,.  Bel,  xvjii.,  p.  603.  1S95:  also 

'  SfP  EngMm.  Zipglsrs 
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There  are  two  principal  varieties  of  these  tuniorH,  the  papillary  and 
the  alveolar,  which  are,  however,  closely  related. 

1.  Papillary  Adenoma. — There  are  cavities  of  different  sizes,  from  the 
walls  of  which  spring  branching  tufts  covered  with  cylindrical  or  cuboidal 
epithelium  (Fig.  522).  These  tufts 
nearly  fill  the  cavities, 

2.  Alveolar  Adenoma. — Therein 
a  contiective-ti.isue  framework  en- 

closing small  round,  oval,  or  tubu- 
lar alveoli,  lined  or  filled  with  cells 

(Fig.  523).  The  cells  are  usually 
large  and  may  be  cyHndrical,  cu- 
boidal,  or  polyhedral,  ami  may  be 
pigmented  in  a  manner  similar  to 
the  cells  of  the  adrenals. 

Fatty  degeneration  of  the  epi- 
thelium may  be  excessive,  and  gly- 

cogen may  form  in  the  cells  of  these 

tumors.  The  .-itroma  may  be  pres- 
ent in  cotiaiderable  (;uantity,  the 

blood-vessels  may  form  consijicuous 
features,  or  a  cystic  distention  of  the 
alveoli  may  occur.  Large  areas 
may  become  necrotic.  They  may 
form  metastases. 

Many  of  these  tumors  appear 
to  have  developed  from  adrenal 
cells  astray  in  the  kidneys,  and  are 
then  called  bi/pernephroma  (Figs. 
520  and  524).  Metastases  of  hy- 
pernephroina  are  not  uncommon. 
These  have  been  found  in  the  liver, 
lung,  intestines,  retroperitoneal  and  p,^  520.— AoEsoyA  nr  thk  Kibnbi. 

other  lymph-nodes  (Fig.  525),  bone  Hj-pflmephroma.) 

and  muscle.  *  '""b™n t*n^S 'J^Zt^  '""^ 
The  relationship   between   true 

adenoma   of   the  kidney,   adenomata   which    appear   to    develop   from 
strayed  adrenal  elements,  and  similar  tumors  which  are  regarded  by 
some  observers  as  endothelionmta  or  endothelial  sarcomata,  and  certain 

forms  of  anfiio-sarcoma,  is  not  yet  altogether  clear.' 
Primary  carcinoma  of  the  kidney  is  rare,  adenoma  being  frequently 

mistaken  for  it.     Secondary  carcinoma  is  not  infrequent.' 

>  For  n  alu<I>'  of  hyi>enin>hrDm:>  of  ihr  kidney  wv  Krlln,  Phih.  M«l.  Jaiir.,  IH9K,  vul.  ii.,  pp. 

cjilii'  p.'eil,  iWl:  alM>  Kern.  F/ahl'rr.  tmil  Elii'.  Amcr.  MpiI..  vol.  viii..  p.  I<K(9. 1S04. 
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PARASITES. 

Ecblnococcus,  in  its  ordinary  form  of  mother  and  daughter  cysts,  is 
sometimes  found  in  the  kidney.  The  cysts  may  open  into  the  pelvis  of 
the  kidney,  into  the  pleura,  or  through  the  wall  of  the  abdomen. 

Cystlcerois  celluloste  is  of  very  rare  occurrence.  FUaria  sanguinis 
homlnis  is  found  in  the  arteries,  veins,  lymphatics,  and  stroma,  and  may 
pass  into  the  urine.  Strongylus  gigas  has  heen  found  several  times  in  the 
pelvis  of  the  kidney. 

Tlie  Urinary  Bladder. 

HaUontutions. 

.\B9ENrE  OF  THE  BLADDER  IS  of  fare  occurrence.     The  bladder  may  he  very  small, 
the  urine  passing  almost  directly  into  the  urethra.     The  bladder  may  l>e  separated 
into  an  upper  and  a  lower  portion  by  a  circular  constriction.     It  may  \>e  completely 
divided  by  a  vertical  septum  into  two  lateral  portions.     Diverlicula  of  the  wall  of  the 
bladder  are  sometimes  found  in  new- 

born   children.    Partial    or    complete 
closure  of  the  neck  of  the  bladder  may 

occur.     This  may  lead  to  hydronephro- 
sis,   or   the  urine   may   be  discharged 

through  the  open  urachus. 
KxHTRovERHioN  of  thc  bladder  is 

one  of  the  most  frequent  malform- 
ations, and  may  occur  in  either  sex. 

It  presents  several  varieties: 
1.  The  umhilicu-s  ii  lower  down 

than  usual,  the  pubic  Iwnes  are  not 
united  at  the  symphysis,  the  pel\is  is 
wider  and  shallower  than  it  should  l>e. 

Between  the  umbilicus  and  pubes 
the  abdominal  wall  is  wanting.  In  its 

place  is  a  projecting,  ovoid  mass  of  mu- 
cous membrane,  in  which  may  be  seen 

the  openings  of  the  ureters.  The  penis 
is  usually  rudimentary;  thc  urethra  is 
an  open  fissure  (epispadias) ;  thc  clitoris 
may  be  separated  into  two  halves. 
The  ureters  usually  open  normally; 
sometimes  their  openings  are  displaced 
or  are  multiple.     They  may  be  dilated. 

2.  There  may  be'a  fissure  in  the abdominal  wall,  tilled  up  by  thc  per- 
fectly formed  bladder. 

3.  Thc  umbilicus  may  lie  well 

formed,  and  there  is  a  portion  of  ab- 
dominal waltlx-tween  Stand  the  exstro-  Fm.  ."127.— HrPEHTROPHi  of  tub  Wall  or 

phied  Madder.  the  Bu&deh. 
4.  The  external   genitals  and  ure- 

thra may  be  well  formed,  and  the  symphysis  puliis  united,  while  only  the  bladder  is 
fissured. 

5.  The  genital.i,  urethra,  and  symphysis  may  be  well  formed,  the  bladder  closed 

except  at  the  upper  part  of  its  anterior  wall.  The  bladder  is  entirely  or  in  part  in- 
verted and  pushed  through  the  opening  in  thc  abdominal  wall. 
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The  u  RACK  us  normally  remains  as  a  very  small  canal,  5  to  7  cm.  long,  with  a 
small  opening  into  the  bladder,  or  entirely  closed  at  that  point.  If  there  is  a  congen- 

ital obstruction  to  the  flow  of  urine  through  the  urethra,  the  urachus  may  remain  open 
and  the  urine  pass  through  it.  Or  the  bladder  may  present,  even  in  the  adult,  a 
slender  distention  reaching  close  to  the  umbilicus  as  the  result  of  a  persistent  urachus. 

Changes  in  Size  and  Position. 

Dilatation. — This  may  be  general  or  partialy  leading  to  the  formation  of 
diverticula. 

General  dilatation  of  the  bladder  is  produced  by  the  accumulation  of  urine  in 
consequence  of  some  mechanical  obstacle  to  its  escape,  or  of  paralysis  of  the  muscular 
walls  of  the  organ.  The  dilatation  is  usually  uniform  and  may  be  very  great,  so  that 
the  bladder  may  reach  to  the  umbilicus.  If  the  walls  of  the  bladder  are  paralyzed,  or 
the  obstruction  occurs  suddenly  or  is  complete,  the  wall  of  the  bladder  is  thinned. 
When  an  incomplete  obstruction  exists  for  some  time  the  walls  of  the  bladder  are  apt 
to  hypertrophy,  so  that,  although  the  bladder  is  larger  than  normal,  the  walls  may  not 
only  be  of  the  usual  thickness,  but  even  very  much  thicker.  In  the  foetus  dilatation 
of  the  bladder  may  reach  such  a  size  as  to  interfere  with  delivery. 

The  retained  urine  in  dilated  bladders  is  liable  to  decomposition,  from  the  presence 
of  bacteria,  and  this  may  lead  to  inflammation  or  gangrene  of  the  mucous  membrane. 

Diverticula  of  the  bladder  may  be  produced  by  the  pouching  out  of  circumscribed 
portions  of  the  wall  of  the  bladder,  the  wall  of  the  pouch  containing  all  the  layers  of 
the  bladder  wall.  More  fretjuently,  however,  they  are  produced  by  a  protrusion  of  the 
mucous  membrane  between  hypertrophied  bundles  of  muscle  fibre.  They  may  be 

very  small  (Fig.  526),  or  they  may  be  as  large  as  a  child's  head.  They  may  communi- 
cate with  the  bladder  by  a  large  or  small  opening.  The  decomposition  of  stagnant 

urine  in  diverticula  is  apt  to  induce  inflammation.  Calculi  may  be  formed  in  them  or 
may  slip  into  them  from  the  bladder. 

Hypertrophy  of  the  muscular  coat  of  the  bladder  is  usually  due  to  mechanical 
obstructions  to  the  outflow  of  urine,  such  as  stricture  of  the  urethra,  enlarged  prostate, 
calculi,  new  growths,  etc.  The  muscular  coat  is  thickened  uniformly  or  assumes  a 
trabeculated  appearance  (Fig.  527).  The  organ  retains  its  normal  capacity,  or  is 
dilated,  or  becomes  smaller.  The  mucous  membrane  is  frequently  the  seat  of  chronic 
or  acute  inflammation.  Dilatation  of  the  ureters  and  hydronephrosis  frequently 
accompany  this  condition. 

HernivG  of  the  bladder  sometimes  accompany  intestinal  herni®  through  the  ingui- 
nal and  crural  canals  and  the  foramen  ovale.  The  changes  in  position  of  the  bladder, 

produced  by  displacements  of  the  vagina  and  uterus,  will  be  mentioned  with  the 
lesions  of  those  organs. 

In  the  female  the  base  of  the  bladder  may  press  downward,  causing  protrusion  of 
the  vaginal  wall  {vaginal  cystocele) ;  or  there  may  be  inversion  and  prolapse  of  the 
bladder  through  the  dilated  urethra. 

WOUNDS— RUPTURE— PERFORATION. 

Penetrating  wounds  of  the  bladder  may  permit  escape  of  urine  into 
the  abdominal  cavity,  or  infiltration  into  the  surrounding  connective 

tissue  or  permanent  fistula*.  Such  wounds  are  always  serious  and  fre- 
quently fatal,  owing  chiefly  to  the  severe  and  often  gangrenous  inflam- 

mation which  decomposing  urine  sets  up  in  the  connective  tissue,  or  to 
the  peritonitis  induced  by  the  same  cause. 

Rupture  of  the  bladder  may  be  produced  by  severe  blows  and  falls 
when  the  bladder  contains  urine.  More  rarely  rupture  takes  place  from 
overdistention.  Death  may  occur  from  rupture  of  the  bladder  with 
escape  of  urine  into  the  peritoneal  cavity,  without  evidences  of  peritonitis. 
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Perforations  of  the  bladder  may  be  due  to  ulceration  and  gangrene, 
to  abscesses  from  without,  and  to  cancerous  ulceration  from  the  adjoin- 

ing organs.  Fractures  of  the  pelvic  boncH  may  be  accompanied  by 
laceration  of  the  bladder.  Perforations  of  the  bladder  may  lead  to  the 

establishment  of  fistula-,  communicating  with  the  rectum,  vagina,  uterus, 
or  opening  externally. 

DBTURBAHCES  OF  CmCULATIOH. 

Hypersemla.— Aside  from  active  hypcripmia  of  the  mucous  membrane 
in  acute  inflammation,  the  bladder  Is  not  infrei|uently  the  seat  of  chronic 
congestion  from  obstruction  to  the  venous  circulation.  Under  these 
conditions  there  may  be  chronic  catarrhal  inflammation,  or  a  marked 
dilatation  of  the  veins  (vesical  htcmorrhoids) ,  which  may  give  rise  to 
ha?morrhage  or  to  obstruction  of  the  opening  of  the  ureters. 

Hiemorrhage. — Extensive  lisemorrhages  into  the  bladder  are  com- 
monly due  to  injury  or  to  the  presence  of  calculi  or  tumors.  Small  hem- 

orrhages info  the  substance  of  the  mucous  membrane  may  accompany 
inflammation,  the  hsemorrhagic  diathesis,  scurvy,  purpura,  smallpox, 
etc.  If  the  lifemorrhage  is  considerable  and  occurs  rapidly  in  an  empty 
bladder,  a  clot  is  apt  to  form;  but  when  the  blood  mixes  with  urine  as  it 
is  extravasated  it  more  commonly  remains  liquid  and  is  discharged  as  a 
reddish  brown  fluid. 

mFLAHMATIOn.     (Cjstitis.) 

Acute  Catarrhal  and  Exudatlre  Cystitis. — This  may  be  incited  by  the 
presence  of  urine  which  has  decomposed  under  the  influence  of  bacteria; 
by  cantharides  or  other  drugs;  by  the  presence  of  foreign  bodies  and 
calculi;  or  it  may  be  due  to  an  extension  of  gonorrhceal  urethritis  or 
vaginitis;  or  it  may  occur  with  acute  general  infectious  diseases.  The 
mucous  membrane  is  swollen  and  congested,  although  these  alterations 
may  not  be  very  evident  after  death.  There  may  be  ecchymoais:  the 
epithelium  is  granular  and  may  proliferate  and  peel  off.  Leucocytes 
may  infiltrate  the  submucosa  and  pass  out  between  the  epithelial  cells 
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(Fig.  52S).  Mixrd  with  the  urine  there  may  be  shreds  of  mucus,  pus  cells, 
epithelial  cells  of  various  shapes,  usually  more  or  less  swollen  and  granu- 

lar, or  fragments  of  such  cells;  red  blood  cells,  bacteria,  and  various 
urinary  crystals;  abscesses  may  form  in  the  mucous  membrane;  or  there 
may  be  phlegmonous  inflammation  in  the  submucosa  and  muscularis  of 
the  bladder  with  formation  of  aliwcesses.  Thus  perforations  and  fistulse 
may  occur.  Hesolution  may  take  place  after  acute  catarrhal  and  exu- 

dative cyMtitiw,  but  the  inflammation  very  frequently  assumes  a  chronic 
character. 

Chronic  Cystitis. — In  this  form  the  mucous  membrane  may  be  swollen, 
succulent,  grayish,  or  mottled  with  spots  of  congestion  or  extravasation, 

and  covereii  with  a  layer  of  mucus  and  pus.  Microscopically  the  mem- 
brane may  be  more  or  less  infiltrated  with  pus  cells,  and  pus  may  be 

constantly  produced  and  thrown  off  into  the  urine.  Later  the  mucous 
membrane  may  become  thickened  either  diffu.sely  or  in  the  form  of  tufts 

or  polypi.  In  some  cases  it  becomes  atrophic*!.  Owing  to  decomposi- 
tion of  the  liirmoglobin  in  the  extravasated  blood  the  mucosa  may 

become  pigmented,  brown,  or  slate-colored.  The  mucous  membrane 
frequently  becomes  eroded,  especially  on  tho  most  elevated  portions,  or 
deep  ulcerations  may  occur.  The  muscular  coats  may  become  paralyzed 
and  the  bladder  dilated;  or  tho  submucosa  or  the  muscularis,  or  both, 
may  become  hypertrophied.  The  mucous  membrane  may  become 
encrusted  with  urinary  salts. 

In  another  class  of  cases  the  inflammation  assumes  a  necrotic  charac- 
ter. Larger  and  smaller  shreds  and  patches  of  the  mucosa  die,  become 

brown  or  gray  in  color,  loosen  or  peel  off,  and  become  mixed  with  the 
urine  and  exudations.     The  gangrenous  process  may  extend  to  all  the 



THE    URINARY    ORGANS  785 

coats  of  the  bladder,  so  that  perforation  and  fatal  peritonitis  may  occur. 
The  gangrenous  form  of  cystitis  is  more  apt  to  occur  in  paralytics. 

In  atili  another  class  of  cases  the  inflammation  is  HUppurative.  The 
submucosa,  the  intermuscular  connective  tissue,  and  the  adjacent  parts 
become  infiltrated  with  pus,  either  diffusely  or  in  the  form  of  larger  and 
smaller  abscesses,  which  may  open  externally  or  internally,  forming  deep 
ulcers.  In  all  these  cases  the  inflammation  may  extend  to  the  ureters 
and  kidneys;  it  may  skip  the  ureters  and  involve  the  kidneys. 

The  small  nodules  of  Ij  mphoid  tissue  in  the  mucous  membrane  of 
the  bladder,  especially  near  the  neck,  may  become  enlarged  and  promi- 

nent in  cystitis,  and  may  then  be  mistaken  for  miliary  tubercles  (nodular 
cystitis). 

Hyperplasia  of  the  epithelium  of  the  bladder  sometimes  occurs  in 

chronic  cystitis  and  under  other  conditions.  This  may  be  diffuse  or  cir- 
cumscribed and  the  epithelium  may  assume  an  epidermal  character. 

Thus  masses  of  transparent  epidermis-like  cells  may  lie  between  papillary 
projections  of  the  submucosa,  forming  structures  which  resemble  glands 
(see  Fig.  529),  or  layers  of  flattened  epithelium  may  cover  or  peel  from 

the  surface  (see  Fig.  530).' 

The  epithelium  has  assumed  the  Mqimmom  type  and  b  eiifalialiDA. 

A  few  cases  have  been  described  in  which  scattered  over  the  mucous 

membrane  of  the  bladder  are  small  thickened  areas,  from  two  to  fifteen 
millimetres  in  diameter,  usually  surrounded  by  a  hypersemic  zone,  and 

frequentlj-  ulcerated.  These  areas  of  chronic  inflammatory  thickening 
are  formed  by  hyperplasia  of  the  connective  tissue  with  small-cell  infil- 

tration and  by  peculiar  large  cells  which  appear  to  be  phagocytes  con- 
taining red  blood  cells,  fragments  of  other  ceils,  bacteria,  etc.  The 

nature  of  this  lesion  is  not  yet  clear.  It  has  been  called  malakoplakie  and 

Ci/xtilis  en  plaque.* 
Croupous  Cystitis. — In  connection  with  any  of  the  above  lesions  the 

raucous  membrane  of  the  bladder  may  be  covered,  in  patches  or  some- 
times over  a  con.siderable  portion  of  its  surface,  with  a  layer  of  fibrin. 
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either  granular  or  fibrillar,  enclosing  pus  and  epithelial  cells  and  bacteria. 
The  mucosa  may  be  infiltrated  with  fibrin. 

This  form  of  inflammation  may  occur  in  connection  with  severe 
infectious  diseases — measles,  diphtheria,  scarlatina,  typhoid  fever;  in 
connection  with  similar  inflammation  of  the  external  genitals,  in  puer- 

peral fever,  noma,  and  sometimes  in  the  presence  of  foreign  bodies.  It 
rarely  occurs  independently. 

In  the  so-called  emphysematous  cystitis,  due  to  the  presence  of  Bacil- 
lus aerogenes  capsulatus,  larger  and  smaller  gas  blebs  may  be  present  in 

the  mucosa  and  underlying  tissue.' 
The  most  common  micro-organisms  which  act  as  excitants  of  acute 

ca'tarrhal  and  exudative  cystitis  are  Bacillus  coli  communis,  Streptococ- 
cus pyogenes,  and  Staphylococcus  pyogenes,  the  gonococcus  and  typhoid 

bacillus,*  Bacillus  proteus,  and  Bacillus  aerogenes  capsulatus.  Many 
other  forms  are  of  occasional  occurrence.' 

Tuberctiious  Cystitis. — There  may  at  first  be  miliary  tubercles  formed 
in  the  submucosa.  By  the  coalescence  of  these  and  the  degeneration  of 
tissue  about  them,  ulcers  are  formed,  and  it  is  most  frequently  in  the 
ulcerative  stage  that  the  lesion  is  seen.  The  ulcers,  which  may  be  large 
or  small,  are  usually  most  abundant  at  the  base  of  the  organ.  Their 

edges  may  be  cheesy,  and  miliary  tubercles  in  greater  or  smaller  num- 
bers are  usually  found  in  the  mucosa  about  them.  Not  infrequently 

large  shreds  of  tissue  are  loosened  and  cast  off.  The  mucosa  about  the 
ulcers  is  apt  to  be  infiltrated  with  small  spheroidal  cells.  Tubercle 
bacilli  are  present  in  many  of  the  tubercles  and  in  the  edges  and  base  of 
the  ulcers,  and  may  be  found  in  the  urine.  Catarrhal  inflammation  is 
a  very  constant  accompaniment  of  this  lesion.  Tuberculous  cystitis  may 
occur  in  connection  with  tuberculous  inflammation  of  the  lungs  and 
intestines,  or  of  the  kidney,  uterus,  prostate,  etc. 

TUMORS. 

Small  nodular  fibromata  mav  form  in  the  submucosa. 

Aside  from  the  polypoid  thickenings  of  the  mucosa  occurring  in 
chronic  cystitis,  soft  vascular  papillomata  are  of  frequent  occurrence. 

These  tumors  vary  in  size  from  that  of  a  pea  to  that  of  a  pigeon  's  egg  or 
larger.  They  consist  of  a  fibrous,  often  very  vascular  stroma,  and  are 
covered  on  the  surface  with  numerous  small,  closely  set,  villous  projec- 

tions, over  which  are  irregular  layers  of  elongated  or  cylindrical  cells 
(Fig.  531).  These  tumors  are  very  liable  to  bleed,  are  often  accompanied 
by  vesical  catarrh,  and  may  be  covered  by  a  precipitate  of  urinary  salts. 
The  epithelium  is  liable  to  peel  off  from  the  surface  of  the  villi  and 
appear  in  the  urine.  Sarcoma  of  the  bladder  has  been  described,  but  is 

rare.'* 1  See  for  bibliography  Ketlrotvsfcy,  Centralbl.  f.  Path.,  Bd.  ix.,  p.  817,  1898. 
2  See  Curachmann,  Munchener  med.  Wochenschr.,  Oct.  16th,  1900,  bibl. 
'  For  a  study  of  bacteria  of   urinary  pa-s.-^age-*  see  Faltin,  Cbl.  f.  d.  Kr.  d.  Ham-  u.  Sex.-  Org.,  Bd. 

xiii.,  1902.  p.  130,  bibl. 
<See  Wilder,  Am.  Jour.  Med.  Sci.,  vol.  cxxix.,  p.  63,  1903. 



THE    URINARY    ORGANS 



788  THE    TRIN-AHY    ORGANS 

Uyoma,  adenoma,  an<l  angioma  are  recorded. 

Carcinoma.— Caicinoma  of  tlio  bladder  i,s  most  frequently  seeondarj-, 
and  is  then  rarely  due  to  metastasis,  but  to  an  extension  of  the  growth 
from  neighboring  parts,  as  the  uterus,  vagina,  or  rectum. 

Primary  carcinoma  of  the  bladder  may  occur: 
1.  As  a  diffuse  scirrhous  infiilraiian  of  the  entire  wall  of  the  bladder, 

usually  with  uicerationH  of  its  inner  surface. 

2.  As  a  circumKcrihed  nodule  (Fig.  532)  which  grows  inward  and  out- 
ward, ulcerating  on  its  inner  surface,  and  sometimes  producing  perfora- 

tions. 

Flo.    .5:i3.-PAPILLAHr   C»R(ISC111*   OK  THE    BlABDER, 

3.  As  a  rilloiis  or  pupHlomalou.i  growth.  The  tumor  grows  from  one  or 

moi-e  points  of  the  inner  surface  of  the  bladder.  It  is  formed  of  tubular 
follicles  lined  with  epithelium  (Fig.  533).  while  on  its  surface  are  tufts 
covered  with  cyliniirical  epithelium.  The  new  growth  may  involve 
the  entire  thickness  of  the  wall  of  the  blatlder. 

4.  A  few  cases  of  carcinoma  have  been  described  in  which  the  stroma 

contained  a  varying  (|uantity  of  smooth  muscle  tissue.' 
Csrets. — Dermoid  ri/xls  of  the  wall  of  the  bladder  have  been  described, 

but  are  rare.'     yniall  cysts  with  serous  contents  sometimes  occur  in  the 
iForBlurlyof  caminomaor    he  ureter  «w  Mdml/  ami  .^■i^onf.  .Am.  Jour.  Mnl.  Sci..  vol.  CMin. 
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raucous  merabrane;  a  part  of  them,  at  least,  are  believed  to  be  due  to 

faulty  embryonal  development. 

PARASITES,  FOREIGIT  BODIES,  AHD  CALCULI. 

Among  the  animal  parasites  occasionally  found  in  the  bladder  may 

be  mentioned  Echlnococcus,  Dlstoma  hemetobtum,  Filaria  sanguinis, 

Ascarides,  and  Ozyurides. 

A  great  variety  of  foreign  bodies  may  be  found  in  the  bladder,  par- 

ticularly in  the  female.  If  their  stay  is  long  they  are  apt  to  become 

encrusted  with  urinary  salts. 

Calculi. 

Vesical  calculi  may  occur  singly  or  in  great  numbers,  and  vary  greatly  in  site, 

T&aging  from  small,  sand-like  particles  up  to  masses  four  or  five  inches  In  diameter; 

but  the  usual  range  is  from  the  aise  of  a  pea  to  that  of  a  hen's  egg.  They  are  usually 
oval,  spheroidal,  or  elongated:  or,  when  several  are  present,  they  are  apt  to  be  faceted. 

The  surface  may  be  araooth  or  rough.  They  are  usually  more  or  less  distinctly  lamel- 
lated,  and  are  frei|uently  formed  around  a  central  body  called  a  nucleus,  which  may 

either  be  formed  of  urinary  salts  or  so 
atituents  are  phosphates,  uric  ai.id,  and  u: 
tions  of  these. 

Uric-acid  Calculi. — The.'ie  are  the  most  wimmon  of  vesical  calculi.  In  the  form 

of  small  brownish  red,  crystalline  aggregations  they  may  be  passed  as  ■'  gravel."  The 
larger  uric-acid  calculi  are  not  commonly  of  very  great  size,  are  freijuently  finely 
nodulated  on  the  surface,  hut  may  be  smooth.  The  color  varies  from  light  yellow  to 
dark  reddish  brown;  they  are  usually  dense  and  lamellated. 
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Calcuu  Formed  of  Urates. — Calculi  composed  of  pure  urates  are  rare,  these 
salts  being  more  commonly  combined  with  uric  acid  and  the  phosphates  to  form  the 
complex  calculi.  Sodium  urate,  in  the  form  of  small  spined,  more  or  less  globular 

crystalHne  masses,  forms  one  of  the  varieties  of  "gravel."' 
Phosphatic  Calculi. — Pure  calcium-phosphate  calculi  are  rarely  found  as  whitish, 

usually  smooth,  and  small  lamellated  concretions. 
Mixed  or  Triple  Phosphate  calculi  are  common,  and  fretjuently  attain  large 

size.  These  calculi  are  sometimes  pure,  but  the  deposit  is  more  frequently  associated 

with  other  salts,  either  as  encrusting  or  intercalated  lamellae.  Triple-phosphate 
calculi  are  usually  rough  on  the  surface,  of  grayish  white  color,  lamellated,  and  fre- 

quently very  friable  (Fig.  534). 

Calcium-carbonate  Calculi. — Small  gray  or  white,  hard,  and  usually  smooth 
calculi  of  pure  calcium  carbonate  occur  rarely.  Calcium  carbonate  is  sometimes  passed 
as  gravel  in  the  form  of  minute  spheroidal  bodies,  either  singly  or  in  clusters. 

Calcium-oxalate  calculi  (mulberry  calculi)  are  comparatively  common,  either  pure 
or  in  combination  with  uric  acid  or  the  phosphates.  Calcium  oxalate  may  occur 
in  the  form  of  very  small,  hard,  smooth  concretions,  or  as  larger,  heavy,  hard,  finely  or 
coarsely  nodulated  brown  or  })lackish  lamellated  masses.  The  nucleus  or  some  of  the 
lamellse,  or  both,  are  often  composed  of  uric  acid. 

Cystin  Calculi  are  usually  ovoidal  in  shape,  of  waxy  consistence,  of  clear  or 
brownish  or  greenish  yellow  color,  with  mammilJated  surface  and  crystalline  fracture. 
Cystin  may  be  associated  in  a  variety  of  ways  with  other  calculi. 

Xanthin  Calculi,  which  are  very  rare,  are  usually  of  moderate  size,  smooth,  of  a 

cinnamon  or  cinnabar-red  color,  lamellated,  and  oval  or  flattened  in  shape. 
Solid  masses  of  fibrin  and  blood  sometimes  occur  in  the  bladder,  and  may  exist  as 

independent  structures,  or  form  nuclei  for  the  deposit  of  urinary  salts. 
For  a  detailed  account  of  calculi,  the  conditions  under  which  they  form,  modes  of 

analysis,  etc.,  we  refer  to  special  works  on  this  subject. 

The  Urethra. 

Malfonnations. 

Some  of  the  malformations  of  the  urethra  are  described  with  those  of  the  penis. 

The  urethra  may  be  impervious  or  may  open  at  the  root  of  the  penis.  More  com- 
monly there  is  partial  obliteration  or  stricture  of  some  part  of  the  canal.  The  entire 

urethra  may  be  dilated  into  a  sac. 

There  may  be  a  canal  on  the  dorsum  of  the  penis,  formed  by  the  fusion  of  the  sper- 
matic cords,  and  opening  in  the  glans  above  the  urethra. 

There  may  be  two  or  more  openings  of  the  urethra.  The  canal  may  be  dislocated 
so  as  to  open  in  the  inguinal  region. 

A  number  of  cases  have  been  reported  in  which  a  valve  in  the  urethra  has  led  to 
hypertrophy  of  the  bladder,  dilatation  of  the  ureters,  and  hydronephrosis. 

Owing  to  its  narrowness,  greater  length,  and  peculiar  connections  with  the  internal 
generative  organs,  the  male  urethra  is  much  more  liable  to  disease  than  the  female. 

Changes  in  Size  and  Position. 

Dilatation  of  the  urethra  may  be  produced  by  strictures,  or  by  calculi  or  other 
bodies  fixed  in  its  lumen.  The  dilatations  are  fusiform  or  sacculated  in  shape,  and 
may  reach  the  size  of  an  orange  or  be  even  larger. 

Strictures  of  the  urethra  are  usually  due  to  inflammation  of  its  walls. 
The  stricture  may  be  temporary,  and  due  to  a  diffuse  inflammatory  swelling  of  the 

mucous  membrane,  or  to  the  raising  of  the  relaxed  membrane  into  a  fold  or  pocket. 
Permanent  strictures  are  produced  by  structural  changes  in  the  walls  of  the  urethra. 
1.  The  mucous  membrane  and  submucous  tissue  become  thickened  in  inflamma- 
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tion  or  as  the  result  of  injur)'  and  the  new-formed  filtrous  tissue  which  contracts  and 
narrows  the  canal, 

2.  Ulceration  of  the  mucous  memltrane  leaves  cicatricial  tissue,  which  contracts, 

and  aUo  produces  adhesions  and  bandn  of  fibrous  tissue  (Fig.  535) . 
3.  There  is  fibrous  induration  of  the  corpus  spongiosum  and  eonsei|uent  constric- 

tion of  the  urethra. 

The  most  freijuent  position  of  strictures  is  at  the  junction  of  the  membranous  and 

spongy  portions  of  the  ufelhra,  or  close  to  this  point.  They  also  occur  at  the  fossa 
navicularis  and  meatus,  but  more  freiiuenfly  in  the  prostatic  portion.  There  may  he 

everal.     The  coiiseijuences  of  stricture  are  dilatation  of  the  urethra, 

the  bladder,  and  the  ureters,  and  hydronephrosis:  inflammatio 
urethra  liehind  the  stricture,  with  perforation,  infiltration  of  ur 
listulie. 

The  urethra  may  also  be  obstructed  by  folds  of  the  mucous  membrane;  by  muscular 
valves  at  the  neck  of  the  liladder:  by  wounds;  by  polypi  and  swollen  glands;  by  new 
growths:  by  changes  in  the  prostate  and  perineum;  by  calculi,  mucus,  blood,  and 
echinococci  coming  from  the  bladder;  by  foreign  bodies  introduced  from  without. 

Prolapsr  and  inversion  of  the  mucous  memlirane  occur  occasionally  in  young 

girls  and  women.  There  is  a  bluish-red  swelling,  from  the  size  of  a  pea  to  that  of  a 
walnut,  at  the  meatus.  In  the  male,  invagination  of  the  mucous  membrane  of  the 
urethra  has  been  .leen  after  injuries  of  the  perineum. 

IH JURIES— PERFORATION— aeMORRHAGES. 

Wounds  of  the  urethra  are  produced  in  many  ways,  but  most  com- 
monly by  catheters  and  bougies.  The  wounds  may  cicatrize,  or  there 

may  be  infiltration  of  urine  or  the  formation  of  fistulie  or  false  passages. 
Ruptures  of  the  urethra  are  produced  by  severe  contusions  and  by 

fracture  of  the  pelvic  bones.  Kxtravasations  of  blood  and  urine,  and 
gangrenous  inflammation  of  the  aurroiinding  soft  parts,  are  the  ordinary 
results.     Urethral  varices  in  the  female  may  lead  to  hicmorrhage. 

Ulceration  and  per/oration  of  the  urethra  may  lead  to  the  formation 

of  fistula",  which  open  in  various  directions  through  the  skin. 

IHFtAMMATIOH.     (Urethritis.) 

Catarrhal  Urethritis  may  be  due  to  the  action  of  chemical  irritants,  and 
to  tiie  extension  to  the  urethra  of  inflammation  from  other  parts;  but  its 
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most  frequent  excitant  is  the  gonococcus.  In  its  acute  form  it  involves 
either  a  portion  or  the  whole  of  the  urethra.  The  mucous  membrane 

is  red,  swollen,  and  covered  with  muco-pus.  The  epithelium  may  be 
loosened  or  exfoliated;  pus  cells  are  present  in  the  submucosa  between 
the  epithelial  cells.  The  gonococcus  is  present  usually  in  considerable 

numbers  in  the  exudate,  both  free  and  in  the  pus  cells.  It  may  pene- 
trate between  the  epithelial  cells. 

Resolution  may  follow  acute  gonorrhoeal  urethritis.  But  the  condi- 
tion may  become  chronic  and  then  is  often  confined  to  the  posterior  por- 

tions of  the  urethra.  Here  the  gonococcus  may  persist  for  a  long  time 
and  may  be  mingled  with  the  exudate,  which  is  now  less  purulent  and 

consists  very  largely  of  mucus  which  in  thread-like  forms  may  be  passed 
with  the  urine. 

Chronic  Inflammation  of  the  urethra  may  exist  for  a  long  time  with 

the  production  of  a  muco-purulent  exudation,  but  without  the  occur- 
rence of  marked  structural  lesions.  In  other  cases  it  leads  to  ulceration, 

to  fibrous  induration  of  the  wall  of  the  canal  (see  P^ig.  535),  to  indura- 
tion and  swelling  of  the  mucous  follicles,  to  polypoid  thickenings  of  the 

mucous  membrane. 

The  inflammation  may  extend  to  the  fibrous  wall  of  the  urethra,  the 
corpora  spongiosa  and  cavernosa.  This  may  result  in  the  formation  of 
new  connective  tissue  or  of  abscesses,  especially  near  the  fossa  navicu- 
laris.  There  may  be  involvement  of  the  bladder,  the  glands  of  Cowper, 
the  prostate,  the  spermatic  cord,  and  the  testicles.  The  inguinal  glands 
also  may  be  swollen  and  inflamed,  and  the  lymphatic  vessels  on  the 
dorsum  of  the  penis  may  be  involved  in  the  same  process. 

Membranous  Inflammation  is  sometimes  seen  in  children.  Fibrinous 

casts  of  a  small  or  large  portion  of  the  canal  may  be  formed. 
Tuberculous  Inflammation  occurs  rarely  in  the  mucous  membrane  of 

the  urethra  in  connection  with  tuberculous  inflammation  of  the  bladder, 
prostate,  or  testicles. 

Sypliiiitic  Ulcers  may  be  situated  at  the  meatus  or  as  far  back  as  the 
fossa  navicularis.     They  are  apt  to  produce  strictures. 

TUMORS. 

Aside  from  the  polypoid  outgrowths  from  the  mucous  membrane  of 
the  urethra  as  the  result  of  chronic  inflammation,  fibrous  pol3rps  may 
occur  congenitally,  or  polyps  containing  glandular  structures  or  cysts 
rarely  occur.  Carcinoma  may  occur  as  a  result  of  local  extension  from 
adjacent  organs  or  metastasis  from  the  bladder. 

Cysts  may  occur  in  the  membrane  as  a  result  of  the  dilatation  of  the 
mucous  glands.  Circumscribed  masses  of  dilated  veins  occasionally 
occur  in  the  urethra,  forming  the  so-called  urethral  haemorrhoids. 

The  sinus  pocularis  may  be  dilated  in  children  by  the  retention  of  its 
secretion,  so  as  to  form  a  mass  which  may  obstruct  the  exit  of  urine  and 
lead  to  hypertrophy  of  the  bladder  and  dilatation  of  the  ureters. 



CHAPTER  X. 

THE  REPRODUCTIVE  ORGANS  OF  THE  FEMALE. 

The  Vulva. 

Malfonnatioiis. 

The  external  genitals  may  be  entirely  absent  or  imperfectly  developed.  The 
fissure  between  the  labia  may  be  unformed,  or  the  labia  may  grow  together,  with  or 
without  obstruction  of  the  urethra.  The  clitoris  and  nymphse  may  be  abnormally 
large,  or  the  nymphse  may  be  increased  in  number.  The  clitoris  may  be  abnormally 
long;  at  the  same  time  the  vagina  is  narrow,  the  uterus  small  and  undeveloped  or 
malformed;  the  ovaries  are  small,  sometimes  situated  in  the  labia;  the  mammae  small, 
and  the  body  is  of  a  masculine  character.  Such  cases  are  sometimes  called  pseudo- 

hermaphrodites. The  clitoris  may  be  perforated  by  the  urethra  or  may  be  cleft  and 
apparently  double. 

The  hymen  is  subject  to  various  anomalies.  It  may  be  entirely  absent.  The 
opening  may  be  very  large  or  in  unusual  places;  there  may  be  several  openings;  the 
free  edge  may  be  beset  with  papillary  projections;  there  may  be  no  opening  at  all. 

HiEMORRHAGE,  HYPEREMIA,  ETC. 

Haemorrhage  may  take  place  from  wounds  or  ulcers  of  the  vulva,  but 
the  most  important  form  of  haemorrhage  is  that  which  occurs  in  the  con- 

nective tissue  of  the  labia  majora.  This  may  occur  during  labor  or 
result  from  external  injury.  One  of  the  labia  may  be  much  swollen  and 
distended  by  the  extravasated  blood.  The  blood  may  be  gradually 
absorbed,  or  it  may  decompose  with  suppuration  or  gangrene  of  the 
surrounding  tissue. 

Varicose  Veins  in  the  labia  are  not  infrequent.  (Edema  of  the  labia 
majora  may  occur  in  pregnancy  or  in  labor.  It  frequently  accompanies 
disturbances  of  the  venous  circulation,  as  in  certain  heart  and  lung  dis- 

eases; or  it  may  occur  in  chronic  diffuse  nephritis  or  other  wasting  dis- 
eases; or  as  a  result  of  thrombosis  or  other  disturbances  of  circulation  in 

the  uterine  or  perivaginal  venous  plexuses.  The  latter  may  be  excessive, 
leading  to  the  transudation  of  fluid  through  the  skin,  to  the  formation  of 
vesicles,  or  superficial  erosion,  or  even  of  gangrene. 

INFLAMMATION.     (Vulvitis.) 

The  skin,  mucous  membrane,  connective  tissue,  and  glands  of  the 
vulva  may  be  the  seat  of  inflammation. 

Acute  Catarrhal  Inflammation  of  the  mucous  membrane  may  be 
induced  by  a  variety  of  substances,  but  is  most  frequently  due  to  gonor- 
rhoeal  infection.     The  mucous  membrane  is  swollen  and  red  and  covered 

793 
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with  a  muco-purulent  exudate.  The  labia  may  be  swollen,  the  glands 
of  Bartholin  are  liable  to  be  involved,  and  abscesses  of  the  labia  mav  be 
developed. 

Chronic  Catarrhal  Inflammation  may  lead  to  superficial  or  deep  ulcera- 
tion of  the  mucous  membrane,  or  to  papillary  outgrowths,  or  to  thickening 

of  the  labia.  Suppurative  inflammation  of  the  tissue  of  the  labia  may 
occur  with  a  similar  process  in  neighboring  parts.  Erysipelatous  Inflam- 

mation of  the  skin  of  the  vulva  is  fretjuent  in  young  children.  In  adults 

it  is  less  common.  Inflammation  of  the  vulvo-vaginal  glands  may  be 
acute  and  lead  to  abscesses,  or  chronic  and  produce  induration  of  the 

gland. 
Gangrene  may  follow  erysipelatous  inflammation,  or  occur  after  par- 

turition; it  may  accompany  severe  exhausting  and  infectious  diseases. 
It  may  follow  bruises  or  other  injuries.  In  some  forms,  such  as  those 
known  as  noma  and  hospital  gangrene,  the  destruction  of  tissue  proceeds 

with  extreme  rapidity.* 
Membranous  Inflammation  may  occur,  with  or  without  diphtheria 

and  a  similar  lesion  of  the  fauces  or  elsewhere,  and  is  frequently  associ- 
ated with  gangrene. 

Tuberculous  Inflammation,  usually  with  ulceration,  occasionally 
occurs  in  the  vulva. 

Sjrphilitic  Inflammation  and  ulceration  are  of  frequent  occurrence  on 
the  vulva,  particularly  on  the  mucous  surfaces,  and  may  lead  to  consid- 

erable destruction  of  tissue  and  cicatricial  contractions. 

In  one  form,  the  so-called  mncows  patchy  there  is  an  infiltration  of  the 
papillary  layers  of  the  skin  or  mucous  membrane  with  variously  shaped 
cells  and  fluid,  so  that  the  tissue  has  a  gelatinous  appearance.  In  other 
cases  there  is  an  hypertrophy  of  the  papilla?,  so  that  larger  and  smaller 

w^art-like  excrescences  are  formed.     This  is  called  the  pointed  condyloma. 

TUMORS. 

Fibroma. — Circumscribed  fibrous  tumors  are  found  in  the  connective 
tissue  of  the  labia,  mons  veneris,  perineum,  clitoris,  and  entrance  to  the 
vagina.  They  may  attain  a  large  size,  and,  attached  only  by  a  pedicle, 
may  hang  far  down  between  the  legs.  The  skin  is  usually  movable  over 
the  surface  of  these  tumors. 

Fibroma  diffusum  (elephantiasis). — This  usually  involves  the  clitoris 
or  the  labia,  or  both,  and  may  extend  to  surrounding  parts  of  the  skin. 

It  consists  essentially  of  a  diff'use  hypertrophy  of  the  skin  and  subcuta- 
neous tissue,  with  or  without  involvement  of  the  papillae  and  epidermis. 

The  surface  may  be  smooth  or  rough.  When  the  papilla*  and  epidermis 
are  much  involved,  larger  and  smaller  cauliflower-like  excrescences  may 
cover  the  hypertrophied  parts,  and  the  surface  be  very  rough  and  scaly. 

Papillomata. — These  growths  consist  of  hypertrophied  papilla?  covered 
with  thick  layers  of  epithelium.     They  vary  in  size  from  that  of  a  pea  to 

'  For  a  study  of  noma  with  bibl.  see  Blumer  and  MacFarlane,  .\m.  Jour.  Med.  Sci.,  voJ.  cxxii.,  1901, 

p.  527. 
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that  of  an  apple,  and  have  a  cauliflower  appearance.  Lipoma,  fibroma, 
fibro-sarcoma,  and  angioma  are  of  occasional  occurrence  in  the  vulva. 
A  few  cases  of  melano-sarcoma  are  recorded.  Chondroma  of  the  clitoris 
has  been  described.  Carcinoma  of  the  vulva  may  be  primary,  usually  in 
the  form  of  epithelioma  of  the  clitoris  or  labia,  or  it  may  be  secondary  to 

cancer  of  the  uterus,  vagina,  etc.  Adenoma  of  Bartholin's  glands  is  noted. 
Cysts  are  found  in  the  connective  tissue  of  the  labia  majora  and 

minora.  They  are  from  the  size  of  a  pea  to  that  of  a  child  's  head. 
They  may  contain  serum,  colloid  material,  purulent  or  bloody  fluid,  or 
thev  may  have  the  characters  of  dermoid  cvsts  or  atheroma  cvsts.  Their 
origin  is  in  many  cases  obscure.  In  some  cases  they  are  doubtless  due 

to  dilatation  of  lymph-vessels.  Cysts  may  be  formed  by  a  stoppage  and 
filling  with  fluid  of  the  canal  of  Nuck,  or  by  a  dilatation  of  the  ducts  or 

acini  of  the  vulvo-vaginal  glands.^ 

The  Vagina. 

Malformations. 

The  vagina  may  be  entirely  absent,  and  the  internal  organs  of  generation  also 
absent  or  imperfectly  developed.  Either  the  upper  or  the  lower  portion  of  the  canal 
may  be  absent  while  the  remaining  portion  is  present. 

The  vagina  may  be  closed  by  an  imperforate  hymen  or  by  fibrous  septa  at  any  part 
of  its  canal.     The  canal  may  be  abnormally  small  without  being  occluded. 

The  vagina  may  be  double,  in  connection  with  a  double  uterus ;  or,  while  the  uterus 
is  normal,  the  vagina  may  be  incompletely  divided  by  a  longitudinal  septum. 

Clianges  in  Size  and  Position. 

Dilatation  of  the  vagina  is  produced  by  tumors,  by  the  prolapsed  uterus,  and  by 
the  accumulation  of  blood  and  mucus  behind  constrictions  or  obliterations  of  the  canal. 

Lengthening  of  the  vagina  is  produced  by  any  cause  which  draws  the  uterus 
upward.  Narrowing  occurs  as  a  senile  change,  is  produced  by  the  pressure  of  tumors, 
or  may  follow  ulceration  of  the  wall  of  the  canal  through  cicatricial  contraction. 

Prolapse  of  the  vagina  occurs  independently,  usually  as  a  result  of  thickening 
or  laxity  of  its  walls,  or  in  connection  with  prolapse  of  the  uterus.  It  may  occur  soon 
after  parturition.  A  larger  or  smaller  portion  of  the  canal  is  inverted  and  projects 
through  the  vulva.  The  entire  circumference  of  the  canal  may  be  inverted  and  pro- 

lapsed, or  only  the  anterior  or  posterior  wall.  The  prolapse,  at  first  small,  may  after- 
ward gradually  increase  in  size  and  drag  down  the  uterus  with  it.  In  other  cases  pro- 
lapse of  the  uterus  is  primary,  and  the  vagina  is  inverted  by  the  descent  of  that  organ; 

or  the  body  of  the  uterus  may  retain  its  normal  position,  while  an  hypertrophy  and 
lengthening  of  the  cervix  alone  drags  down  the  vagina. 

Hernia  Vesico-vaginalis — Cystocele — may  be  either  the  cause  or  effect  of  a 
prolapse  of  the  vagina  and  uterus.  If  the  cystocele  be  the  primary  lesion,  it  begins  as 
a  small  projection  of  the  wall  of  the  bladder  into  the  anterior  part  of  the  vagina.  As 
the  urine  accumulates  in  this  sac  it  increases  in  size,  projects  through  the  vulva,  draws 
down  the  vagina  and  the  anterior  lip  of  the  cervix,  and  finally  the  entire  uterus.  If 
the  cystocele  be  the  secondary  lesion,  it  is  produced  by  the  dragging  down  of  the  pos- 

terior wall  of  the  bladder  by  the  inverted  vagina. 

Hernia  Intehtino-vaginalis. — A  portion  of  the  intestines  may  become  fixed  in 

Douglas'  cul-de-sac  between  the  rectum  and  the  uterus.  This  portion  of  intestine 
gradually  becomes  larger,  pushes  forward  the  posterior  wall  of  the  vagina,  inverts  and 

'  For  a  study  of  oyst«*  of  Bartholin's  glands  see  Cullen,  Jour.  .A.m.  Med.  Assn.,  vol.  xliv.,  p.  204, 190.5. 
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fills  up  that  canal,  and  finally  projects  through  the  vulva.  It  may  drag  with  it  the 
posterior  wall  of  the  vagina  and  the  uterus. 

Rectocele  Vaginalis. — A  sac  is  formed  by  the  projection  of  the  anterior  wall 
of  the  rectum  and  the  posterior  wall  of  the  vagina.  This  lesion  is  of  rare  occurrence 
and  does  not  reach  a  large  size. 

When  the  vagina  is  prolapsed  there  is  usually  inflammation  of  the  lining  membrane 
or  a  thickening  of  the  epidermis. 

WOUNDS— PERFORATIONS. 

Wounds  of  the  vagina  are  made  by  penetrating  instruments,  by  for- 
ceps and  other  obstetrical  weapons,  by  the  foetus  during  delivery,  or  may 

result  from  coitus.  Such  wounds  may  heal,  or  give  rise  to  large  haemor- 
rhages, or  suppurate,  and  lead  to  abscesses  in  the  surrounding  tissue,  or 

leave  fistulous  openings  into  the  vagina;  or  they  may  by  cicatricial  con- 
traction in  healing  lead  to  constriction  or  obliteration  of  its  canal. 

Vesico -vaginal  Fistulas  are  usually  produced  by  injuries  from  instru- 
ments or  from  the  foetus  during  delivery;  less  frequently  by  ulceration 

of  the  vagina,  bladder,  or  adjacent  connective  tissue,  or  by  abscess  in 
the  surrounding  parts.  The  fistulse  form  an  opening  between  either  the 
bladder  or  the  urethra  and  the  vagina.  They  allow  the  urine  to  pass 
into  the  vagina.     Spontaneous  cure  does  not  take  place. 

Recto -vaginal  Fistulas  are  formed  in  the  same  way  as  the  last-men- 
tioned. They  allow  the  passage  of  gas  or  faeces  into  the  vagina.  They 

sometimes  heal  spontaneously. 

INFLAMMATION,  (Vaginitis.) 

Catarrhal  Inflammation  of  the  vaginal  mucous  membrane  may  be 
acute  or  chronic.  It  is  most  frequently  induced  by  the  gonococcus,  but 
may  be  due  to  local  irritation  or  accompany  active  infectious  processes. 
It  not  infrequently  occurs  in  the  new-born.  In  the  acute  form  the  mucous 
membrane  is  swollen  and  frequently  covered  with  a  muco-purulent  or  a 
purulent  exudation.  In  the  chronic  form  the  mucous  membrane  may  be 
swollen,  covered  with  a  purulent  exudation;  there  may  be  an  exfoliation 
of  epithelium,  shallow  or  deep  erosions,  or  ulcers. 

Sometimes  large  shreds  or  membranes  are  cast  off  from  the  vagina 

which  consist  wholly  of  exfoliated,  flat  epithelium.^  In  other  casesHhe 
mucous  membrane  is  thickened,  dense,  and  sometimes  pigmented,  or 
it  may  be  roughened,  covered  with  papilte,  or  it  may  be  relaxed  and 
prolapsed. 

Membranous  Inflammation  may  occur  after  parturition,  in  dysentery, 
typhus  and  typhoid  fevers,  diphtheria,  scarlatina,  measles,  and  other 
infectious  diseases.  The  mucous  membrane  is  swollen  and  covered  with 
a  grayish  layer  of  fibrin  and  pus.  The  mucosa  and  submucosa  may  be 
infiltrated  with  fibrin  and  pus.  The  infiltrated  portions  of  the  mucosa 
and  submucosa  may  die  and  become  gangrenous,  and  thus  deep  and 
extensive  ulcers  be  formed. 

» Consult  McFarland,  Proc.  Phila.  Path.  Soc,  N.  S.,  vol.  ii..  p.  115,  1899. 
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Suppurative  Inflammation  of  the  fibromuscular  coat  of  the  vagina  may 
occur  after  injuries  or  in  pregnant  and  puerperal  women.  Abscesses 
may  be  formed  which  penetrate  into  the  labia  or  into  the  pelvic  connec- 

tive tissue.  In  other  cases  the  intense  phlegmonous  inflammation  may 
lead  to  the  death  and  casting-off  of  portions  of  the  vaginal  wall,  or  even 
of  the  entire  wall. 

Emphysematous  Vaginitis. — Anaerobic  bacilli  developing  in  the  vag- 
inal wall  may  give  rise  to  small  cysts  or  blebs. 

Gangrene  of  the  vagina  may  occur  as  a  result  of  croupous  or  intense 
suppurative  or  syphilitic  inflammation,  or  from  unknown  causes.  In 
the  form  of  noma  it  may  be  very  extensive  and  rapidly  destructive. 

Tuberculous  and  Sjrpbilitic  Inflammation,  usually  leading  to  more  or 
less  extensive  ulceration,  may  occur  in  any  part  of  the  vagina.  Tuber- 

culous inflammation  is  usually  secondary  to  tuberculosis  of  other  parts. 
Syphilitic  ulcers  may  heal,  sometimes  leaving  marked  cicatrices,  and 
sometimes  not. 

TUMORS. 

Fibroma,  fibro-myoma,  sarcoma,  myoma  lasvicellulare,  are  of  occa- 
sional occurrence  in  the  vagina.  Myoma  striocellulare  is  of  rare  occur- 

rence.    A  teratoma  has  been  described  and  a  few  cases  of  endothelioma.^ 
Papillomata  are  of  frequent  occurrence  as  a  result  of  chronic  inflam- 

mation. Carcinoma  of  the  vagina  is  usually  secondary  to  cancer  of  the 
uterus.  It  may  be  primary  and  nodular,  or  more  often  it  is  papillary 
and  ulcerating  and  spreads  to  adjacent  parts. 

Cysts. — These  are  not  very  common  and  may  be  small  or  as  large  as 
a  hen 's  egg.  They  may  be  lined  with  flattened  epithelium,  and  contain 
serous  or  viscid,  dark-colored  or  transparent  fluid. ^ 

PARASITES. 

Among  the  animal  parasites  Oxjoiris  and  Trichomonas  vaginalis  are  of 
occasional  occurrence.  Among  the  vegetable  forms  Oiditmi  albicans  and 
Leptothrix  are  occasionally  seen,  while  various  forms  of  bacteria  are  com- 

mon. Staphylococcus  and  Streptococcus  pyogenes  have  been  found 
many  times  in  the  normal  vagina.  While  these  and  other  bacteria  may 
be  harmless  in  the  normal  vagina,  should  conditions  favoring  their  growth 
or  an  increase  in  their  virulence  occur,  as  after  delivery  for  example, 
serious  infectious  proces.ses  may  follow.  The  r6le  of  the  gonococcus  as  an 
excitant  of  catarrhal  inflammation  is  well  established. 

The  Uterus. 

Congenital  Malformations. 

The  uterus,  tubes,  and  vagina  may  be  entirely  absent,  with  or  without  absence  of 
the  external  genitals.  Or  the  uterus  alone,  or  the  upper  part  of  the  vagina  also,  may 
be  absent. 

1  See  Raschkcs,  Cbl.  f.  Path.,  Path.,  Bd.  xiv.,  1903,  p.  &^7. 
2  Consult  Stokes,  Johns  Hopkins  Hosp.  Rep.,  vol.  vii.,  p.  109,  1899,  bibl.;  abo  CuUen,  Johns  Hop- 
kins Hosp.  Bull.,  vol.  xvi.,  p.  207,  1905. 
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The  ut«ru«  may  be  only  rudimentary  while  the  yagia&  i»  normal.  It  then  Appears 
as  a  flattened  solid  body  with  sohd  cornua..  Or  there  are  two  cornua  joined  at  their 
lower  extremities  so  aa  to  form  a  small  double  uterus  (Fig.  536).  Or  the  uterus  is 
represented  hy  a  small  sac,  which  may  or  may  not  communicate  with  the  vagina.  Or 
there  is  a  very  small  uterus,  with  thin  muscular  walls  and  two  large  cornua. 

Only  one  of  the  cornua  which  should  form  the  uterus  may  be  developed  while  the 

other  is  arrested  in  its  growth.  The  uterus  is  then  a  long,  cylindrical  body,  termi- 
nating above  in  one  tube.  On  the  side  where  the  horn  should  have  been  developed 

there  is  no  tube,  or  only  a  rudiment.      Both  ovaries  are  usually  present. 
The  two  ciynua  may  be  fully  devclo|>ed,  but  their  lower  ends  remain  separated 

and  form  a  double  uterus.     An  entire  separation  into  two  distinct  uteri  and  vagtnte  is 

rare.  More  frequently  the  uterus  consists  of  one  l>ody.  divided  by  a  septum  into  two 
cavities.  There  are  then  two  cervical  porti<ms  of  the  uterus  projecting  into  a  single 
vagina,  or  each  into  a  .separate  vagina.  Or  there  is  only  a  single  cervix.  The  septum 
in  the  utenis  may  be  complete  or  only  partial. 

The  uterus  may  Iw  ai>normal  in  site  or  be  variously  flexed;  the  cervix  may  Ite 

solid  or  may  Iw  clo.'ied  by  the  vaginal  mucous  membrane.  Or  the  cervix  niay  have  an 
abnormal  form  with  a  small  opening  or  canal. 

In  the  new-born  infant  the  uterus  is  small,  the  body  flattened,  the  cervix  dispro- 
portionately  large.     During  childhood   the  organ   increases   in  siie.   but   the   body 
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8  small  in  proportion  to  the  cervix.  At  pulierty  the  iihape  changes  and  tlie 
lioily  l>ecomeB  larger. 

At  every  meoBlruation  the  uterus  is  somewhat  ewollen  and  eoiiRested,  After 
pref!nancy  it  does  not  return  to  its  virgin  site,  but  remains  somewhat  larger.  In  old 
age  it  gradually  becomes  smaller;  its  walls  are  harder  and  more  fibroids. 

Abnormal  Smallnksh  of  the  uterus  is  sometimes  found  as  an  arrest  of  develop- 
ment. It  may  result,  however,  from  chronic  endometritis,  from  repeated  pregnancies, 

from  old  age,  or  from  chronic  exhausting  di.se^es.  Its  cavity  may  l>e  smaller  than 
normal,  or  distended  with  mucus.  Large  myomata  sometimes  induce  atrophy  of  the 
uterine  wall.  Atrophy  of  the  vaginal  portion  of  the  uterus  is  sometimes  observed 
after  repeated  pregnancies.  Narrowing  and  obliteration  of  the  cavity  of  the  uterus 
and  of  the  cervix  are  usually  produced  by  chronic  inflammation. 

En'lakoement  of  the  Uterus  may  be  due  to  too  early  development.  It  is 
accompanied  by  abnormally  early  development  of  all  the  sexual  organs  and  functions. 
The  uterus  may  be  enlarged  in  connection  with  heart  disease,  prolapse  and  abnormal 
flexions  and  versions,  chronic  inflammations,  repeated  pregnancies,  myomata,  and 
accumulations  of  blood  or  mucus  in  the  uterine  cavity.  Enlargement  of  the  vaginal 
portion  alone  may  occur.  One  or  both  lips  of  the  cervix  may  be  uniformly  increased 
in  size,  or  they  may  I*  lohulated. 

Dilatation  of  the  uterus  is  produced  by  accumulations  of  blood,  mucus,  or  pus  in 
consei|Uence  of  narrowing  or  obliteration  of  the  cervix  or  vagina.     The  uterine  walls 

may  retain  their  normal  thickness,  bo  thickened  or  thinned.  The  most  lre'|uent  pasi- 
tion  of  the  stenosis  is  the  os  internum.  The  retained  contents  after  a  time  change  in 

character,  forming  a,  thin,  serous  fluid — hydromeira — or  they  may  be  mixed  with  blood. 
The  dilated  uterus  may  be  of  enormous  size.  If  both  os  internum  and  os  externum 

are  closed  the  cervical  cavity  may  I*  also  dilated  and  the  uterus  have  an  hour-glass 

shaite  ll'ig.  .iH71:  or  the  dilatation  may  be  limited  to  the  eervix.  If  the  obstruction  is 
not  complete,  the  retained  fluid  may  escape  into  the  I'agina  and  lie  followe<f  by  a  fre-^h 
aecumulalion.  If  the  obstruction  be  in  the  vagina,  the  uterus  and  vagina  may  form 
a  large,  flask-shaped  body,  and  the  line  of  demarcation  between  cervix  and  vagina 
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Accumulation  of  menstrual  blood  in  the  cavity  of  the  uterua — hamalometra — is 
usually  due  to  congenital  8t«nosis  of  the  cervix  or  vagina,  and  may  be  very  great.  If 

the  fluid  is  not  evacuated  by  surgical  interference  there  may  be  either  rupture  or  ulcer- 
ative perforation  of  the  uterus.  The  blood  may  escape  into  the  abdominal  cavity,  or 

be  shut  in  by  adhcjioD<i,  or  perforate  into  the  bladder  or  intestines.  Sometimes  the 
blood  passes  into  the  Fallopian  tube.',  dilates  them,  and  escapes  through  their  abdomi- 

nal ends. 

Changes  in  Position. 

The  body  of  the  uterus  may  Ijpcome  fixed  'n  an  at  n  ma!  position,  while  the  situa- tion of  the  cervix  Ik  unchanged. 

Flexion. — The  body  may  be  bent  forwa  - — a  JUn  ;  backward^ — retroflexion 
(Fig,  538);  or  sideways— fo/ira/^fTion.     Th    fl  a       e  slight,  or  so  great  that 

the  neck  and  body  form  an  acu'.e  angle.  fl        n         he  n 

and  that  in  which  the  flexion  is  greatest.  Peritoneal  adhesions,  llaccidity  of  the 
Uterine  walls,  particularly  after  delivery,  atrophy  of  the  walls,  ovarian  and  other 
tumors,  etc..  are  the  uiual  causes  of  flexion. 

VEtU4iON  of  the  uterus  consiit^  in  an  abnormal  inclination  of  the  long  axis  of  the 
organ  to  that  of  Ihe  vagina.     The  uterus  may  be  inclined  backward,  forward,  or  to 
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RelrovfTHion  m  the  most  common.     The  fundus  uteri  is  Uirected  bacliwsrd  and 

downward,   the  cervix  forward   and  upward.     This  condition   Ik  found   in   varioUB 

degrees;  in  the  highest  the  fundus  lies  in  Douglas'  cul-de-sac  with  the  cervix  upward,  so 
that  the  axis  of  the  uterus  is  parallel  to  that  of  the  vagina,  but  in  a  direction  nearly 
opposite  to  the  normal.     Abnormal  looseness  of  the  uterine  ligaments,  abnormally 
large  capacity  of  the  pelvis,  enlarge- 

ment or  tumors  of  the  uterus,  and 
pregnancy     during     the     first      four 
months,  are  some  of  the  more  com- 

mon   conditions    under    which    this 
lesion  occurs. 

Anteveraion. — Inclination  of  the 
fundus  forward  and  downward,  and 
of  the  cervix  backward  and  upward, 
is  not  commoo  and  seldom  reaches  a 

high  degree.  It  occurs  under  the 

same  general  externa!  cond'f  n  a. anteflexion. 

LatfTOversion  is  not  very      n  m  n 
as  a  simple  lesion,  but  is  n  t    nf 
quently  combined  with  othe   d    pla 
ments.     It  may  be  produced  I  >       n 
genital  shortening  of  one  of  th    b     ad 
Hgaments,   by   adhesions,  b>    th 
pressure  of  tumors. 

The  greater  degrees  of  version 
may  produce  very  grave  lesions.  The 
urethra  and  rectum  may  be  com- 

pressed. Cystitis,  perforation  of  the 
bladder,  dilatation  of  the  ureters  and 
hydronephrosis,  and  fatal  obstruction 

of  the  bowels  may  follow.  If  preg- 
nancy exist  abortion  may  take  place, 

or  the  inverted  uterus  may  be  forced 
through  the  peritoneum  and  posterior 
wall  of  the  vagina  and  project  through 
the  vulva.  In  the  non-pregnant 
uterus  pressure  on  the  veins  and  con- 
se<|uent  chronic  inflammation  of  the 

organ  may  follow.  ^^°-  ̂ 9> — Piioi.Ara«  or  the  Uiehus. 

Prolapsus  uteri  consists  of  a  de-     ''^«  wrvix  projefta  from  the  vulvs  and  there  are 

scent  of  Ihc  uterus  into  the   vagina.  """    "  ™™  "">*  »    "       e  r»  eit^raum. 
The    uterus    may    be    only    shghtly 
lowered  or  it  may  project  at  the  vulva  (Fig.  539).  In  complete  prolapse  we  find  a 
tumor  projecting  through  the  vulva,  partly  covered  by  the  distended  vagina,  and 
presenting  the  opening  of  the  os  externum  near  Its  centre.  The  bladder  and  rectum 
may  l)e  drawn  down  with  the  vagina  or  may  remain  in  place.  The  exposed  cervix 
and  vagina  usually  become  inflamed  and  sometimes  ulcerated,  or  the  mucous  mem- 

brane may  become  thickened.  The  lesion  is  frequently  complicated  by  hypertrophy 
of  the  cervix. 

Gradual  prolapse,  which  is  most  fre'iuent,  may  be  due  to  an  increased  weight  of  the 
uterus,  as  In  pregnancy,  inflammatory  enlargement,  the  presence  of  tumors,  etc. ;  or  to 
some  ai>normal  condition  of  the  uterine  supports.  It  is  frequently  due  to  a  vaginal 
cystoeele  or  rectocele.  Sudden  prolapse  is  most  apt  to  occur  in  an  enlarged  uterus  or 
one  unduly  heavy  by  reason  of  tumors  connected  with  It.  It  is  most  common  in 
subinvolution  after  parturition. 

Elevation  of  the  uterus  is  produced  by  mechanical  causes  crowding  or  dragging 

it  u])ward.  as  adhe.-iions,  tumors,  etc.     The  vagina  Is  drawn  up  and  lengthened,  and 
the  vaginal  portion  of  the  cervix  may  be  obliterated. 

.'jl 
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Inversion  of  the  uterus  consists  of  an  invagination  of  the  fundus.  The  fundus 
may  be  invaginated  in  the  body,  the  fundus  and  body  in  the  cervix,  or  the  entire 
organ  in  the  vagina.  It  usually  occurs  when  the  uterine  walls  are  relaxed,  and  may 
be  due  to  traction  on  the  placenta  during  parturition.  It  may  take  place  sf)ontane- 
ously  after  parturition.  It  may  be  produced  by  intra-uterine  tumors.  The  mucous 
membrane  of  the  inverted  organ  is  frequently  inflamed,  particularly  when  the  inver- 

sion is  complete.     The  epitheUum  may  become  squamous  and  lamellated  in  type, 
Herni.«  of  the  uterus  are  rare.  Ventral  hemice  may  occur  during  the  latter  months 

of  pregnancy,  the  peritoneum,  aponeurosis,  and  skin  being  forced  outward  to  form  a 
sac  in  which  the  uterus  lies.  Crural  herni<e  are  produced  by  the  drawing  down  of  the 
uterus  and  ovaries  into  the  sac  of  an  intestinal  hernia.  Inguinal  hernia  may  be  pro- 

duced in  the  same  way  or  be  congenital.  Ischiatic  hernia  has  been  seen.  Pregnancy 
may  occur  in  the  uterus  while  it  is  within  a  crural  or  inguinal  hernia. 

RUPTURE  AND  PERFORATION. 

Rupture  of  the  unimpregnated  uterus  is  rare.  It  may,  however, 
occur  when  the  uterine  cavitv  is  distended  with  blood  or  serum,  or  in 
connection  with  large  myomata  of  the  uterine  walls. 

In  the  gravid  uterus  ruptures  have  been  seen  in  nearly  every  month 
of  pregnancy,  but  most  frequently  toward  the  end.  The  rupture  may  be 
due  to  a  thinning  of  the  uterine  wall  by  tumors  or  by  violent  contusions, 
or  as  the  result  of  cicatricial  contraction  of  the  os. 

It  most  frequently  takes  place  in  parturition.  Malpositions  of  the 
foetus,  narrowing  of  the  pelvis,  protracted  labor,  thinning  of  the  uterine 
wall  from  tumors,  forcible  use  of  the  forceps  and  other  instruments,  are 
the  ordinary  causes.  The  rupture  may  be  in  the  body  of  the  uterus  or 
the  cervi.x,  or  both;  it  may  be  large  or  small;  it  may  extend  completely 
or  only  partly  through  the  uterine  wall.  The  consequences  of  partial 
rupture  are  hsemorrhage,  gangrenous  inflammation  of  the  edges  of  the 

rupture,  peritonitis,  and  usually  death.  In  rare  cases  the  rupture  cica- 
trizes and  the  patient  recovers.  Complete  rupture  usually  leads  to  death 

in  a  short  time.  The  foetus  may  escape  partly  or  completely  into  the 
abdominal  cavity.  If  the  patient  survive  the  immediate  shock,  fatal 
peritonitis  usuallv  soon  ensues.  In  rare  cases  the  foetus  is  shut  in  bv 
adhesions  and  the  patient  survives. 

Perforations  of  the  uterus  may  be  produced  by  carcinoma,  by  abscesses 
in  its  neighborhood,  and  by  ovarian  cysts. 

HYPERiEBilA— UTERINE  AND  PERI-UTERINE  HEMORRHAGE. 

Hjrpersemia. — Aside  from  the  active  menstrual  hypergemia,  the  uterus 
may  be  hypera?mic  in  acute  and  chronic  inflammation,  as  a  result  of 
displacement  of  the  organ,  and  in  certain  forms  of  heart  disease.  The 
organ  is  usually  enlarged,  the  mucous  membrane  swollen,  and  the 
veins  are  more  or  less  evidentlv  dilated.  (Edema  mav  be  associated 

with  hypera^mia. 
Haemorrhage. — Effusion  of  blood  into  the  cavity  of  the  uterus  occurs 

normally  at  the  menstrual  periods.  For  the  abnormalities  to  which  this 
function  is  subject  we  refer  to  works  on  gynecology.  Effusions  of  blood 
at  other  than  the  menstrual  periods  may  be  associated  w^th  mechanical 
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hypersDinia,  haemorrhoids,  acute  hyperaemia,  intrauterine  polypi  and 
other  tumors,  acute  and  chronic  inflammation,  typhus  fever,  scurvy,  etc., 
ulcerating  carcinoma,  abortions,  and  miscarriage. 

A  peculiar  form  of  haemorrhage  results  in  the  so-called  polypoid  hcema- 
toma,  or  fibrinous  polyp.  It  occurs  after  parturition  and  after  abortions. 
The  portions  of  the  uterine  wall  where  the  placenta  was  attached,  with  or 
without  a  portion  of  retained  placenta,  forms  the  point  of  attachment  of 
the  pedicle  of  the  thrombus.  A  bloody  mass  is  firmly  attached  by  a 
pedicle  to  the  uterine  wall;  the  uterus  enlarges  with  its  formation,  the 
cervix  is  dilated,  and  the  thrombus  may  project  into  and  fill  the  vagina. 

The  formation  of  such  a  thrombus,  is  accompanied  by  repeated  haemor- 
rhages. 

Haemorrhage  in  the  substance  of  the  uterus  occurs  in  arterio-sclerosis. 
The  mucous  membrane  and  uterine  wall  or  the  cervix  are  infiltrated  with 

blood,  and  there  may  be  blood  in  the  uterine  cavity. 
Peri-uterine  or  Retro-uterine  Hasmatocele  consists  in  an  accumulation 

of  blood  around  the  ulerus  or  in  Douglas'  cul-de-sac.  The  haemorrhagic 
mass  may  become  encapsulated  with  fibrous  tissue,  or  may  soften  or 
suppurate  and  perforate  into  rectum  or  vagina,  or  may  be  absorbed. 
A  form  of  extraperitoneal  haematocele  is  described  in  which  the  blood 
lies  between  the  folds  of  the  broad  ligament.  The  extravasation  may 
proceed  from  haemorrhage  of  any  of  the  abdominal  viscera  or  rupture  of 
aneurisms;  from  vascular  new-formed  false  membranes;  from  rupture  of 
the  varicose  veins  of  the  broad  ligaments;  from  rupture  of  haemorrhagic 

cysts  of  the  ovaries;  from  rupture  of  the  Fallopian  tubes  in  tubal  preg- 
nancy or  in  haematometra;  or  from  general  causes,  such  as  scurvy, 

purpura,  etc.  In  some  cases  the  extravasation  begins  at  a  menstrual 
period,  and  increases  at  the  succeeding  periods. 

Ante-uterine  Hasmatocele  is  of  occasional  occurrence,  either  in  con- 
nection with  the  retro-uterine  form  or  when  the  posterior  cul-de-sac  is 

obliterated. 

ATROPHY,  DEGENERATION,  ETC. 

Atrophy  of  the  uterus  occurs  as  a  physiological  process  in  old  age. 
It  may  be  associated  with  severe  general  or  infectious  diseases  or  follow 
removal  of  the  ovaries.  It  may  follow  pregnancy  apparently  as  an 
excessive  involution  process. 

Fatty  Degeneration. — This  may  occur  in  connection  with  inflam- 
matory changes,  in  acute  infectious  diseases,  and  in  phosphorus  poisoning. 

Amyloid  Degeneration  in  the  uterus  is  of  rare  occurrence.  It  may 

aff'ect  the  muscle  fibres  or  the  walls  of  the  blood-vessels. 
Phagedenic  or  Corroding  Ulcer. — This  rare  and  little  understood  form 

of  ulceration  usually  occurs  in  old  age.  It  begins  in  the  cervix  and 
gradually  extends  until  it  may  destroy  the  greater  part  of  the  uterus  or 
even  invade  the  bladder  and  rectum.  The  ulcer  is  of  irregular  form; 
its  base  is  rough  and  blackish,  its  walls  are  indurated.  It  should  not  be 
confounded  with  carcinomatous  ulcer,  which  it  considerably  resembles. 
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IHFLAjatATlOn.     (HetritiB  and  Endometritis.) 

I.    ISFLAUMATIOX    OF   THE    UnIMPREGNATED    UtERUS. 

Acute  Catarrhal  Endometritis. — In  this  disease,  which  in  its  lighter 
grades  may  leave  but  little  alteration  after  death,  the  mucous  membraoe 
is  swollen,  hypenemic,  and  sometimes  the  seat  of  punctate  hEemorrhages. 
The  epithelium  may  be  degenerated  and  may  desquamate,  and  the 
mucosa  contain  an  undue  quantity  of  small  spheroidal  cells.  The  surface 
is  more  or  less  thickly  covered  with  muco-punilent  exudate.  In  severe 
cases  shreds  of  mucous  membrane  may  be  exfoliated.  The  lesion  is 
usually  most  marked  in  the  mucous  membrane  of  the  body,  but  may 
involve  the  cervix  at  the  same  time,  or  the  cervix  alone.  The  body  of 

the  uterus  may  be  swollen  and  hypera'mic. 
In  endometritis  exfoliativa  (membranous  dysmenorrhoea)  there  may 

be  an  expulsion,  with  more  or  less  blood,  of  membranous  masses  consist- 
ing of  fibrin  mingled  with  blood  and  pus  cells,  or  cunsisting  of  exfoliated 

superficial  layers  of  epithelium.  This  exfoliated  epithelium  is  frequently 
much  flattened  so  as  considerably  to  resemble  the  vaginal  epithelium. 
When  the  shreds  are  large  the  openings  of  the  uterine  glands  may  be  seen 

as  perforations.' 
Acute  catarrhal  inflammation  of  the  uterus  may  be  due  to  injury, 

exposure  during  menstruation,  gonorrhceal  infection,  local  infection  with 

other  bacteria,'  or  it  may  ac- 
company   the    general   acute 

infectious  diseases. 

Chronic  Endometritis. — 
This  may  be  a  continuation 
of  an  acute  inflammation  or 

begin  as  a  chronic  process. 
In  some  of  the  lesser  degrees 
of  inflammation  but  slight 
changes  are  found  after  death. 
The  mucous  membrane,  on 

the  other  hand,  may  be  swol- 
len, hypersemic,  and  covered 

with  muco-purulent  exuda- 

ANDLLAH  ''0"-  I"  othcr  cascs  there  is E.  more     or     less     well-marked 
ntamiia     thickening    of     the    mucous 

membrane,  which  may  present 
a  smooth  or  a  rough  papillary  surface  or  polypoid  outgrowths. 

The  thickened  mucous  membrane  may  show  on  microscopical  exami- 

■  nation  con.siderable  hyperpla.sia  of  the  uterine  glands.     These  may  be 
fairly  normal  and  regular  in  type;  or  the  epithelial  cells  may  be  much 

'  .-Jee  DcWM.  Am.  Jour,  ol  Ohsfelrin..  vol.  xlii.,  1900,  hihi. 
=  For  on  Hi-counl  with  bibl.  ot  the  Imcttriii  of  thr  vi.«inii  sw  Witliami.  Am.  Jour,  of  Olwtelrini, 

VI,!.  xm-iii.,  No.  4.  IKHH:  for  brmtfiria  of  non-preguBnl  uterus  »«■  Miller,  Johns  Hopkins  Hosp.  Bull., 
vul.  X.,  p.  29,  1899,  bibl,:  i>l«i  ti.  to  irn./sirorf/.,  d,  MU9. 

C  EKDOHBTRrriB,  H 
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increased  and  irregularly  massed  within  the  tubules  (Fig.  540);  the  hyper- 
plastic glands  are  often  contorted,  forming  irregular  spirals  (Fig.  541). 

The  interglandular  stroma  of  the  mucosa  may  be  little  changed  or  much 
thickened;  it  may  be  dense  or  very  loose  in  texture  and  formed  largely 
of  small  fusiform  and  spheroidal  cells.  It  is  often  extremely  vascular 
and  may  be  the  seat  of  interstitial  hicmorrhage.  If  there  be  considerable 

growth  of  new  gland  structure  the  condition  is  called  "  glandtdar  hyper- 
plasia" of  the  mucous  membrane.  It  is  often  difficult,  in  the  micro- 
scopical examinations  of  small  portions  removed  from  the  uterine  mucous 

membrane  by  curetting,  to  decide  whether  the  lesion  be  a  simple  glandular 

Fir.  541.— Chbokic  Ehd<jiiethitib. 
Showing  glBudular  hyperpbuin  of  the  miicoiid  membTAne.     The  strDma  of  the  mucosa  is  increAAcd 

in  nmount  and  is  kwK  ia  Icxture.     The  glands  are  conlorted. 

hyperplasia  or  adenoma.  In  fact  glandular  hyperplasia  may  apparently 
lead  to  so  exceHsive  and  unrestrained  a  growth  of  glandular  structures  in 
the  mucous  membrane  as  to  justify  the  designation  adenoma  or  malignant 
adenomatous  hyperplasia. 

Sometimes  a  thick  layer  of  new-formed,  very  vascular  tissue  develops 
over  the  surface  of  the  mucous  membrane,  largely  covering  in  the  uterine 
glands  {Fig.  542).  From  the  decomposition  of  e.xtravasated  blood  in 
the  mucous  membrane  the  latter  may  be  mottled  with  brown  or  black. 
The  glandular  elements  of  the  mucosa  may  be  partially  or  almost  entirely 
destroyed.  Occasionally  the  glands  are  dilated,  forming  numerous  small 
cysts  which  may  project  from  the  surface.  The  papillie  of  the  cervix 
may  be  hypertrophied,  the  mucous  follicles  swollen  and  their  outlets 
obstructed,  leading  to  the  formation  of  the  so-called  ovula  Nabothi.  The 

uterine  wall  becomes  flaccid  and  atrophied,  or  it  may  be  hj'perplastic 
especially  in  the  cervical  portion.  Ulceration  of  the  mucous  membrane, 
especially  of  tlie  cervix,  may  occur.  There  may  be  contraction  or  obliter- 

ation of  the  cervical  canal. 

Fibrous  hyperplasia  of  the  cervi.x  with  ectasia  of  the  Nabothian 
glands  and  thickening  and  erosion  or  ulceration  of  the  mucous  membrane 
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ia  a  frequent  condition  at  the  climtuterie  period  (Fig.  543).  Under  these 
conditions  both  the  clinical  manifestations  and  the  general  appearance 
of  the  cervix  on  inspection  often  suggest  the  existence  of  cancer. 

Chronic  endometritis  may  occur  at  any  age,  but  is  most  frequent 
after  puberty,  and  is  due  to  a  great  variety  of  conditions.  It  may  occur 
in  ill-nourished  persons  or  in  those  suffering  from  e.vhausting  diseases. 

It  may  follow  displacements  and  tumors  of  the  uterus,  subinvolution,- 
injuries,  etc. 

Membranous  Endometritis. — This  form  of  inflammation  is  not  very 
common.  It  occasionally  occurs  in  the  puerperal  uterus,  and  in  acute 
infectious  diseases.  It  sometimes  involves  the  vulva,  vagina,  and  Fallo- 

pian tubes.  It  may  coexist  with  membranous  inflammation  of  the 
colon. 

Tuberculous  Endometritis. — This  is  rare  and  usually  occurs  as  part  of 
tuberculous  inflammation  of  the  genito-urinary  tract.  A  part  or  the 
whole  of  the  cavity  of  the  uterus  may  be  lined  with  a  rough,  yellowish 
or  gray,  caseous  mass,  which  may  deeply  involve  the  muscular  walls  of 
the  organ.  At  the  edges  of  the  ulcerating  caseous  areas  there  may  be 
miliary  tubercles,  or  these  may  be  scattered  through  the  otherwise 
intact  r 

1  For  bibl.  nee  Cull-^.  John^  Hopkins  Ho^p 
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STphilitIc  Endometritis. — This  is  usually  confined  to  the  cervical  por- 
tion, and  is  characterized  by  shallow  or  deep  ulcerations  and  condylomata 

of  the  mucous  membrane;  or  there  may  be  a  diffuse  thickening  of  the 
mucosa. 

Acute  Hetiitls  is  usually  associated  with  acute  catarrhal  endometritis. 
The  organ  is  swollen,  succulent,  congested;  the  mucous  membrane  cov- 

Fia.  £43.— FiBiuii'B  uiD  Glahdulak  Htferpubi/ 
The  flHun  shows  one  xide  of  the  cervix  is  Longitudinal  seel 

ia  very  denw  anil  the  waib  of  the  bknil'VaiHla  are  thickened, 
tho  cervienl  fbds]  with  erosion  of  the  surfapc  epithelium.  The 
clear,  glairy'  fluid  lovuln  N'abothi).  Then  is  ermion  of  the  epil 
with  the  congestion  of  the  smailsuper^cialvesseia  here,  aave  a  rough  red  appearance  to  the  os.  suggestive 
of  a  malignaat  fmwth, 

ered  with  muco-pus;  the  peritoneal  coat  congested.  There  may  be  small 
extravasations  of  blood  in  the  wall  or  cavity  of  the  uterus.  The  inflam- 

mation, in  rare  cases,  becomes  suppurative,  and  abscesses  are  formed  in 
the  uterine  wall;  these  may  perforate  into  the  peritoneal  cavity  or  into 
the  rectum. 
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Chronic  Metritis  may  follow  acute  metritis  or  accompany  acute  or 

chronic  endometritis,  and  is  dependent  upon  similar  conditions:  subin- 
volution, displacements,  tumors,  active  irritants,  etc.  The  uterus  is 

enlarged,  the  wall  congested,  thickened,  and  soft,  or,  owing  to  the  new 
formation  of  connective  tissue,  hard  and  dense.  The  lesion  may  be  most 
marked  in  the  body  or  in  the  cervical  portion. 

Perimetritis. — The  peritoneal  coat  of  the  uterus  may  be  inflamed,  with 
the  production  of  membranous  adhesions  or  of  pus.  The  adhesions  may 
be  small  or  very  extensive,  and,  owing  to  their  contractions,  may  cause 

various  distortions  and  displacements  of  the  pelvic  organs.  The  inflam- 
mation is  usually  an  accompaniment  of  chronic  metritis  and  endometritis. 

In  prostitutes  such  adhesions  are  of  very  common  occurrence. 
Parametritis. — The  connective  tissue  about  the  uterus,  between  that 

organ  and  the  reflexions  of  the  peritoneum,  may  be  the  seat  of  suppura- 
tive inflammation.  It  most  frequently  ends  in  death,  but  may  result  in 

the  formation  of  dense  connective  tissue  about  the  uterus. 

II.  Inflammation  of  the  Pregnant  Uterus. 

The  forms  of  inflammation  which  have  just  been  described  may  also 
occur  in  the  pregnant  uterus.  Catarrhal  endometritis  may  lead  to  effusion 
of  serum,  extravasations  of  blood,  and  abortions.  Metritis  may  lead  to 
softening  of  the  uterine  wall,  so  that  rupture  takes  place  during  labor. 
Perimetritis  and  parametritis  produce  adhesions  and  abscesses  about  the 
uterus. 

Infectious  Inflammation  (Puerperal  Fever). — For  a  week  or  more  after 
delivery  the  inner  surface  of  the  still  dilated  uterus  is  rough,  especially 
at  the  insertion  of  the  placenta,  and  covered  with  dark  shreds  of  blood, 

mucous  membrane,  and  placenta.  This  condition  should  not,  as  is  some- 
times the  case,  be  mistaken  for  inflammation  or  gangrene. 

As  a  result  of  injury  to  the  uterus  or  vagina  during  or  after  delivery, 
and  the  action  of  bacteria  which  may  gain  access  to  the  tissues  in  this 
vulnerable  state,  the  puerperal  uterus  is  liable  to  become  the  seat  of  a 
series  of  severe  and  often  destructive  inflammatory  and  necrotic  changes. 
These  may  be  confined  to  the  uterus;  they  may  induce  serious  alterations 
in  surrounding  parts;  they  may  lead  to  an  involvement  of  the  peritoneum 

or  to  septicaemia  or  pyaemia  and  its  accompanying  lesions  in  the  most 
distant  parts  of  the  body.  In  some  cases  a  more  or  less  extensive  gan- 

grenous inflammation  of  the  mucous  membrane  and  the  underlying  parts 

may  lead  to  the  casting-off  of  larger  and  smaller  shreds  of  necrotic  tissue 
and  the  formation  of  deep  and  spreading  ulcers,  which  may  be  accom- 

panied by  severe  parametritis  and  fatal  peritonitis.  In  other  cases  the 

inflammation  is  membranous,  and  may  aff'ect  the  vagina,  leading  to 
necrosis,  gangrene,  ulceration,  or  peritonitis. 

In  connection  with  either  of  the  above  forms  of  inflammation,  or 
without  them,  there  may  be  thrombosis  of  the  uterine  sinuses,  purulent 
inflammation  of  the  veins,  suppuration  and  abscess  in  the  uterine  wall, 
suppurative  inflammation  of  the  ovaries  and  tubes,  and,  owing  to  the 
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generalization  of  the  infectious  material,  metastatic  abscesses  in  the  lungs, 

spleen,  kidneys,  etc.  Or  acute  pleurisy,  ulcerative  endocarditis,  ery- 
sipelas, purulent  inflammation  of  the  joints,  hyperplastic  swelling  of  the 

spleen  and  lymph-nodes,  thrombosis  or  thrombo-phlebitis  of  the  saphen- 
ous veins,  etc.,  may  follow.  In  some  cases  which  rapidly  pass  to  a  fatal 

termination  the  local  lesions  may  be  but  slightly  marked,  and  general 
alterations  characteristic  of  pyjemia,  such  as  metastatic  abscesses,  etc.,  be 

entirely  wanting.     Death  is  in  such  cases  apparently  due  to  toxiemia  or 

septica-mia. 
Bacteria  are  usually  present  in  the  exudate,  in  the  1  j mph-vessels, 

veins,  and  infJamed  tissue  of  the  uterus  (.see  Fig.  544) ;  often  in  enormous 
quantities  in  the  peritoneal  esudation  and  in  the  meta.static  inflammatory 
foci.  Streptococcus  pyogenes,  the  gonococcus,  B.  aerogcnes  capsulatus. 

and  the  colon  bacillus  are  the  most  frequent  excitants  of  the  lesion.' 

Fibromata. — Dense  nodular  fibromata  of  the  uterus  are  rare,  the 
so-called  fibromata  being  in  most  cases  myomata  or  fibro-myomata. 
Fibroma  pupillnve,  on  the  other  hand,  is  a  common  form  of  growth  from 
the  mucous  membrane.  It  consist.s  of  a  more  or  less  vascular  connective- 
tissue  stroma  covered  with  epithelium.  The  surface  may  be  smooth  or 

villous.  It  may  contain  very  numerous  gland  follicle.^,  and  then  ap- 
proaches the  type  of  adenoma,  or  even  carcinoma.     The  stroma  may  be 



810  THE    REPRUDrtTIVE    ORGANS   OK   THE    FEMALE 

!ooae  and  succulent,  ainl  resemble  mucous  tissue,  forming  the  so-called 
mvcoim  pulypi.     In  any  of  these  forms  the  blood-vessels  may  be  abundant 
and  dilated,  forming  telangiectatic  or  cavernous  polypi.     The  adenoma- 

tous polypi  may  become  cystic  from  the  dilatation  of  the  gland  follicles. 

Polypi  of  the  uterus  may  be  multiple  or  single,  small  or  large.     Numer- 
ous smaller  and  larger  papillary  outgrowths  from  the  mucous  membrane 

may  occur  in  chronic  endometritis.     Single  polypi  may  grow  from  the 
mucosa  of  the  body  of  the  uterus 
or  from  the  cervix,  and  hang  by 

a    long   pedicle  down  into  the 
vagina. 

The  largo  number  of  glandu- 
lar .'Structures  in  many  of  these 

chronic  inflammatory,  papillary, 

and  polypoid  outgrowths  (Fig. 
545)  often  justifies  the  name  of 
adenomatous  hyperplasia  of  the 
mucous  membrane  or  of  adeno- 

matous papillomata  or  polyps. 

Syphilitic  papillary  growths 
in  the  form  of  pointed  condylo- 

mata may  form  finely  papillary, 
wart-like  excrescences  of  vari- 

able size,  particularly  on  the 

cervix. 
Myomata.  —  These  tumors, 

whose  characteristic  structural 
elements  are  smooth  muscle 

cells  (Fig.  232),  are  the  most 
common  of  uterine  tumors  and 

Fio.  5*5,-i:terine  p<.LYP-ADENou*Toui,  OR  whilc  frequently  of  little  prae- 
Glandulah  Poltp   or  the    Ctekus— Polipoid     i;,.^!  importance  are  sometimes 
HlPEBPLABIA      or      TKB      MUCOL-S       MEMBRANE        IN  ,  .     '^  .  ^, Chronic  Em DOHBiRiTw.  of   serious    import.       1  hey    are 

especially  common  in  negroes. 
They  are  most  frequently  composed  of  both  .muscular  and  fibrous  tissue 

— fibromyomata — but  the  relative  amount  of  the  two  kinds  of  tissue  is 
subject  to  great  variation.  They  are  most  apt  to  occur  after  puberty, 
and  usually  in  advanced  life.  They  may  be  single  or  multiple,  small  or  of 
enormous  .size;  are  usually  sharply  circumscribed,  whitish  or  pink,  dense 
and  hard,  or  sometimes  soft,  and  present  on  section  interlacing  bands 
or  irregular  masses  of  glistening  tissue.  Their  favorite  situation  is  in 
connection  with  the  body  of  the  uterus,  but  they  may  occur  in  the  cervix 
or  in  the  folds  of  the  broad  ligaments.  According  to  their  position  we 
may  distinguish  subserous,  submucous,  and  intraparietal  forms. 

The  subierous  myomalu,  often  multiple,  grow  from  the  outer  muscular 
layers  of  the  uterus  in  the  form  of  little  nodules.  As  they  increase  in 
size  they  may  become  separated  from  the  uterine  wall  and  remain 
attached  only  by  a  narrow  pedicle  or  by  a  little  connective  tissue;  or  may 
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even  be  entirely  free.  They  may  work  their  way  between  the  folds  of 
the  broad  ligament  until  they  are  at  some  distance  from  their  point  of 
origin.  The  tumors  may  become  very  large,  but  remain  firmly  attached 
to  the  uterus;  this  organ  may  then  be  drawn  upward,  the  cervix  and 
vagina  being  elongated  and  narrowed.  The  traction  may  be  so  great  that 

the  body  of  the  uterus  is  entirely  separated  from  the  cervix.  The  bladder  ' 
may  also  be  drawn  upward.  But  subserous  niyomata  of  considerable 
size  may  interfere  but  slightly  with  the  function  of  the  uterus  {see 
Fig.  546). 

.Shows  the  uninvolved  ioterior  or  tbe  uterus  conlsiniiiE  n.  wcU-Ionnnl  riptus. 

The  'iubmtwiius  myomaln  grow  from  the  inner  muscular  layers  of  the 
uterine  wall,  most  frequently  in  the  fundus.  They  may  project  into 
the  uterine  cavity  and  remain  sessile  or  become  pediculated;  the  uterus 
dilates  with  the  growth  of  the  tumor,  and  its  wall  may  also  be  thickened. 

They  are  usually  single,  although  there  may  be  at  the  same  time 
subserous  and  intraparietal  tumors.  They  are  frequently  soft.  If 
they  are  of  large  size  and  polypoid  in  form,  they  may  project  through 
the  cervix  and  drag  down  the  fundus  of  the  uterus,  producing  inversion. 
The  mucous  membrane  covering  them  may  be  atrophied  or  hyperiemic, 
with  dilated  blood-vessels,  and  may  thus  give  rise  to  severe  and  repeated 
hspmorrhages.  In  some  cases  the  pedicle  of  a  tumor  is  destroyed  and  it 
is  spontaneously  expelled. 
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The  intramural  myomata  grow  in  the  substance  of  the  uterine  wall, 
but,  if  they  attain  a  large  size,  project  beneath  the  serous  or  the  mucous 
coat  (Fig.  547).  They  are  found  in  every  part  of  the  uterus,  but  are 
most  frequent  in  the  posterior  wall. 

The  shape  of  the  uterus  is  altered  in  a  great  variety  of  ways  by  the 
presence  of  these  tumors;  its  cavity  is  narrowed,  dilated,  or  misshapen; 
it  undergoes  flexion  or  version.  The  tumors  may  sink  downward  and 
become  attached  to  the  posterior  wall  of  the  vagina. 

Myomata  may  undergo  a  variety  of  secondary  alterations.  The  mus- 
cle fibres  may  undergo /a%  degeneration  and  the  tumor  diminish  in  size. 

or  may  even,  it  is  said,  be  entirely  destroyed.  Calcification  may  occur, 
converting  a  part  or  the  whole  of  the  tumor  into  a  stony  mass.  The 

intra-parietal  and  submucous  myomata  may  give  rise  to  profuse  hipmor- 
rhages;  they  may  suppurate  and  become  gangrenous. 

Sometimes  the  tumors  or  circumscribed  portions  of  them  are  very 
vascular,  constituting  the  telanyicctatic  or  cavernoun  variety.  These 
tumors,  which  possess  some  of  the  characters  of  erectile  tissue,  may  sud- 

denly change  in  size  from  a  variation  in  the  amount  of  blood  which  they 
contain.  Larger  and  smaller  cysts  may  develop  within  these  tumors 

— fihro-ci/stic  lumorft.  These  may  be  multiple  and  may  communicate; 
they  may  l>e  filled  with  a  clear  or  bloody  fluid.  These  cystic  myomata 
may  reach  an  immense  size  and  fill  tin  abdominal  cavity.     The  cysts 
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may  be  lined  with  ciliated  epithelium.'  Combinations  of  myoma  and 
sarcoma  sometimes  occur — myosarcoma.  These  tumors  are  sometimes 

called  malignant  myamata.  Such  tumoi-s  may  form  metastases.'  Lipo- 
myoma  has  been  described.* 

Myomata  of  the  cervix  are  rare.  They  may  grow  as  polypi  beneath 
the  mucous  coat,  or  produce  enlargement  of  the  anterior  or  posterior 
lips,  or  may  grow  outward  into  the  abdominal  cavity. 

Myomata  of  the  uterus,  either  subserous,  intraparietal,  or  submucous, 
containing  glandular  structures  of  the  type  of  those  in  the  uterine  mucosa, 
are  of  occasional  occurrence  (Fig.  548).     These  glandular  or  adenoma- 

tous   myomata    are    sometimes 
directly     connected     with     the 
uterine  mucous  membrane,  but 
are  often  so  distant  and  so  en- 

tirely  separated   from   it   as  to 
justify  the  conjecture  that  they 
are  derived  from  some  embryonal 
abnormality  associated  with  the 
development     of    the    Wolffian 

body.'      Similar    tumors    have 
been  described  in  the  round  liga- 

ment.' Sarcomata  may  occur  as  pri- 
mary    tumors    in    the    mucous      ^     ,.^     . 

■'.  t     .L  .  ■.!_  f^™-    548.— AoiHOUAT«UB    OR    GlANPULAH  MtOMA membrane  of  the  uterus,  either  or  thk  Utebus. 
in  the  form  of  a  diffuse  infiltra- 

tion or  as  a  circumscribed  nodular  or  polypoid  mass.  They  frequently 
involve  the  muscular  wall,  are  liable  to  haemorrhage  and  gangrene,  and, 
particularly  in  the  diffuse  form,  are  liable  to  recur  after  removal.  They 
may  consist  largely  of  spindle  or  spheroidal  cells,  or  both.  It  is  said  that 
sarcoma  of  the  uterus  is  more  liable  to  occur  at  an  advanced  age  than  at 

an  early  period,  as  is  the  rule  with  sarcomata  of  other  organs.  Giant- 
celled  sarcomata  have  been  described, 

A  few  cases  have  been  described  in  which,  situated  usually  in  the 

upper  cervical  region,  there  were  loberl  or  "grapelike"  tumors,  fibro- Barcomatous  in  character.  Some  of  these  contained  striated  muscle 

fibres.     These  tumors  are  malignant.* 
Angioma. — Cavernous  angiomata  of  the  wall  of  the  uterus  have  been 

described.  Endothellotna  is  of  rare  occurrence  in  the  cervix.'  Hyoma, 
lipoma,  and  chondroma  are  recorded. 

wahre  Epithel  fiihnnde  Cyslcnbildung  d.  Utemt 
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Adenoma.^ Bptncen  a  simple  adenomatous  hyperplasia: of  the  mucous 
membrane  of  the  uterus,  on  the  one  han<l  (see  Figs.  540  anil  541),  and 
carcinoma  on  tlie  other,  there  is  no  absolutely  .sharp  morphological  dis- 

tinction. But  there  is  a  considerable  group  of  growths,  to  which  the 
name  adenoma  is  properly  applied,  which  lie  on  the  border  zone  between 

the  tlistinctly  benign  and  the  definitely  malignant  new  epithelial-tissue 
growths. 

Many  epithelial  coll  growths  of  the  utcnis.  while  adenomatous  in 
structure,  are  so  distinctly  malignant,  and  are  so  liable  to  develop  that 
structural  lawlessness  characteristic  of  carcinoma,  that  it  has  seemed  wise 
to  many  observers  to  avoid  the  name  adenoma  altogether  and  class  all 

the  e])ithelial  tumois  of  the  uterus  among  the  carcinomata.  Others, 
recognizing  the  benign  character  of  many  of  the  r]»ithelial  tumors,  make 
a  sharp  distinction  between  benign  and  malignant  adenomata. 

It  seems  to  the  writer  wise  to  preserve  here,  as  elsewhere  in  the  body, 
the  morphological  distinction  between  adenoma  and  carcinoma.  But 
in  doing  this  it  should  always  be  borne  in  mind  that  the  adenomata  of  the 

uterus,  lis  those  of  the  gastro-intestinal  canal,  may  not  only  be  extremely 
malignant  as  adenomata,  but  that  the  more  benign  forms  are  extremely 
prone  to  develop,  both  in  structure  and  malignancy,  into  carcinomata. 
In  fact,  in  many  ca.ses  we  can  express  the  peculiarities  of  structure  in  these 

tumors  only  by  calling  them  adeno -card noma. 
The  adenomata  of  the  uterus  may  begin  in  a  simple  hyperplasia  of  the 

mucous  membrane,  in  which  glandular  development  is  preponderant  (see 
above).  When  the  tumor  character  becomes  established  this  new  gland- 

ular growth  is  conimnnly  in  the  form  of  irregular,  often  dilated  follicular 
structures  with  a  well-marked  lumen  lined  with  cylindrical  or  culioidal 
cells.  It  may  develop  in  irregular  papillary  masses  (Fig.  549),  the  more 
or  less  abundant  fibrous  stroma  being  covered  with  irregular  layers  of 
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epithelium  (Figs.  550  and  551).  The  new  growth  may  project  from  the 
inner  surface  of  the  uterus  in  the  form  of  ragged  lobular  masses  (Fig.  552), 
or  it  may  infiltrate  the  submucous  tissues  (Fig.  553).  Or  growth  in 
both  directions  may  occur  at  once. 

Tlie  topographical  features  and  clinical  stories  of  many  adenomata 
of  the  uterus  are  identical  with  those  of  the  infiltrating  and  ulcerating 
carcinomiita. 

CarciDoma. ' — The  caninomata  of  the  uterus  commence  most  fre- 
quently in  the  cervix  and  portio  vaginalis,  and  (he  most  common  form 

is  the  epithelioma.      The  growth  of  epithe- 
liomata  of  the  cervix  uteri  proceeds   under 
three  tolerably  distinct  forms,  which,  how- 

ever, freijuently  merge  into  one  another. 
1.  The  fiat,  ulcerating  epithelioma.  This 

form  of  cancer  commences  as  a  somewhat 

elevated,  flat  induration  of  the  superficial 
layers  of  the  cervi.\,  sometimes  ciiTumscribed, 
sometimes  diffuse.  This  induration  is  due  to 

the  growth  of  plugs  and  irregular  mas.ses  of 
epithelial  cells  into  the  underlying  tissue  (Fig. 
554).  Ulceration  usually  commences  early 
and   may   proceed   slowly   or  rapidly.      The 

edges  of  the  nicer  are  irregular,  indurated,  and        ''■'"•  mi-  -auemoh*  of  the 
somewhat   elcviited.      The   ulceration  of  the        shnnirm  a  nmsii  imnioQ  of  the 
new-formed  Ciincerous  tissue  at  the  edges  is     ppithdium  in  K«.  sso  more  highly 

usually  progressive,  so  that  the  vaginal  por-     ̂ l^j'^The  dwli!^r  wp^"'^''  ""* tion   of  the  cervix,   the   cervical   canal,   the 
vagina,  and  even  the  bla<hler  and  rectum  may  be  involved.  More  or 
less  extensive  hiemorrhages  and  necrosis  of  the  base  of  the  ulcer  are 
liable  to  occur.     The  entire  cervix  may  be  destroyed. 
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2.  In  another  clflss  of  t-ascs  the  ran-inoniatous  growth  develops  under 
the  form  of  papillary  or  fungous  ex  c  res  fences,  which  may  form  larger  or 
smaller  masses  composed  of  epitheliomatous  tissue.  Hand-in-hand  with 
this  projecting  growth  there  may  occur  an  epithelial  infiltration  of  the 
underlying  tissue  of  the  cervix.  These  growths  are  often  quite  vascular 

and  may  give  rise  to  severe  ha-morrhages.  They  may  ulcerate  and  thus 
produce  great  destruction  of  tissue. 

3.  In  still  another  class  of  cases  there  is  a  more  or  less  deep  infiltration 
of  the  submucous  tissue,   either  diffuse  or  in   circumscribed  nodules, 

>r  the  intenui'  of  Ihi^  > 

with  epithelial  cell  masses.  We  find  at  first,  in  the  vaginal  portion  of 
the  cervix,  in  the  submucous  connective  tissue,  either  nodules  or  a  gen- 

eral infiltration  of  a  whitish  new  growth.  The  cervix  then  appears  large 
and  hard.  Very  snon  the  mucous  membrane  over  the  new  growth  degen- 

erates and  falls  off;  the  superficial  layers  of  the  new  growth  undergo 
the  same  changes.  After  this  the  formation  of  the  now  growth  and  its 
ulceration  go  on  simultaneously,  producing  first  an  infiltration  and  then 
destruction  of  the  cervix  and  often  of  a  part  of  the  body  of  the  uterus. 
The  growth  frequently  extends  to  the  vagina,  the  bladder,  and  the  rectum 
with  the  same  destructive  character,  so  that  we  often  find  the  cervix  and 
upper  part  of  the  vagina  destroyed,  and  in  their  place  a  large  cavity  with 

ragged,  gangrenous,  cancerous  walls  (Fig.  ."ioS).  Less  frequently  the 
pelvic  bones  are  invaded  in  the  same  way.     Not  infrecpiently  the  ureters 



THE    REPRODUCTIVE    ORGANS    OF   THE    FEMALE  817 

are  surrounded  and  compressed  by  the  new  growth,  so  that  they  become 
dilated.  The  dilatation  may  extend  to  the  pelves  and  calyces  of  the 
kidneys.  The  new  growth  may  begin  in  the  cervix  and  extend  uniformly 
over  the  internal  surface  of  the  cervix  and  of  the  body  of  the  uterus.  The 
entire  uterus  is  converted  into  a  large  sac,  of  which  the  walls  are  infil- 

trated with  the  new  growth,  while  the  internal  surface  is  ulcerating  and 
gangrenous.  In  some  cases  there  is  a  considerable  formation  of  new, 
dense  connective  tissue,  so  that  the  growth  has  a  scirrhous  form. 

In  rare  cases  the  growth  begins  in  the  upper  part  of  the  cervix  or  in 
the  body  of  the  uterus,  while  the  lower  part  of  the  cervix  is  not  involved. 
In  all  of  these  cases  the  epithelial  cells  of  the  new  growth  follow  more 
or  less  closely  the  type  of  the  epithelial  cells  of  the  part  from  which  they 
spring.  But  it  has  been  observed  that  carcinoma  developing  from  the 
mucous  membrane  of  the  body  of  an  inverted  uterus,  or  rarely  without 
inversion,  may  be  of  the  squamous-celled  type. 

In  still  another  cla.ss  of  cases,  in  which  the  new  growth  may  be  in  the 
form  of  nodules,  or  diffuse  infiltrations,  or  polypoid  masses,  or  may  pre- 

sent more  or  les.s  extensive  alterations,  the  cells  are  irregular,  polyhedral 
in  shape,  the  tumor  belonging  to  the  class  of  glandular  or  medullary 
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carcinomata  (Fig.  550).  These  also  usually  commence  in  the  cervix, 
and,  according  to  the  views  of  many  writers,  probably  in  the  mucous 

glan<ls. 
In  rare  cases  the  entire  wall  of  the  uterus  is  infiltrated  with  the  new 

growth  and  the  organ  is  much  enlarged.  Gelatinous  carcinoma  some- 
times occurs,  hut  is  rare. 

While  we  may  for  convenience  recognize  the  ahove  types  of  carcinoma 
of  the  uterus,  it  should  be  borne  in  mind,  as  above  stated,  that  they  are 

often  not  di.sfinct,  and  may  merge  into  one  another  or  exist  simultane- 
ously. Exudative  infianimation  is  of  frequent  occurrence  in  these  as  in 

other  tumors  of  the  uterus. 

As  a  result  of  the  ulceration  of  the.se  various  forms  of  carcinoma,  recto- 
vaginal fistulffi  may  l>e  formed;  the  lumbar  lymph-nodes  may  be  involved 

and  metastases  in  distant  organs  are  occa.sionally,  though  not  often, 

formed.  Frequent  and  profuse  haemorrhages,  gangrenous  destruction  of 
tissue,  the  absorption  of  deleterious  materials,  etc.,  are  apt  to  lead  to  the 
development  of  a  more  or  less  profound  anjemia  and  cachexia. 
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Medullary  type. 
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Chorloaepltlielloiiia  of  Pregnancy.'     (Deciduoma  Ualignum.) 

Malignant  tumors  derived  from  chorionic  villi  or  from  some  abnormal 
form  of  these,  as  hytlatld  moles  (see  p.  824),  and  composed  of  cells  more 
or  less  closely  resembling  the  various  types  of  chorionic  epithelium,  are 

known  as  chorionepitheliomala  of  pregnancy.' 
Characters  of  the  Chorionic  Villi. — In  order  to  understand  the  struc- 

ture and  biological  characters  of  these  tumors,  one  must  bear  in  mind  the 

nature  of  the  normal  chorionic  villi.  These  consist  of  a  vascular  con- 

nective-tissue framework  which  is  covered  with  two  layers  of  epithelial 
cells.  The  inner  layer  is  formed  in  general  of  a  single  layer  of  sharply 

defined,  polyhe<lral,  transparent  cells  with  oval  nuclei.  These  cells  con- 

tain glycogen.  They  are  called  Lnnghans'  cells.  The  outer  layer  is 
composed  of  a  mass  of  cells  whose  outlines  are  in  general  indistinct,  with 
many  nuclei  of  various  shapes,  the  whole  resembling  masses  of  giant  cells. 
This  outer  layer  of  cells  is  called  the  syncytium,  and  from  it  small  pro- 

toplasmic,  bud-like  processes — syncytial   buds — project.     In  the  later 

I  For  an  admirable  summnrj'  of  these  (umoiB,  with  a  study  of  dgv  cues  and  bibl.,  tee  Frank.  Jour. 
Amer.  Med.  Assd..  vol.  xlvi.,  p.  24S.  1906. 
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periods  of  pregnancy  the  cell  layers  are  as  a  rule  leas  distinct  than  at  an 
earlier  time.  The  cells  covering  the  chorionic  villi  penetrate  the  maternal 
decidua,  mingling  with  its  cells,  and  may  pass  into  the  structures  of  the 
uterine  wall.  Certain  of  the  covering  ceils  of  the  chorionic  villi  have 
remarkable  powers  of  penetrating  the  maternal  tissues,  their  invasion 

being  apparently  secured  through  lytic  action.  These  are  called  chori- 
onic wandering  cells.  They  may  erode  blood-vessels,  causing  haemor- 

rhage and  thrombosis,  and  may  enter  the  maternal  circulation  and  be 

carried  as  emboli  into  the  viscera — liver,  lungs,  etc.* 
It  is  cells  of  these  three  types — Langhans '.  cells,  the  syncytium,  and 

the  chorionic  wandering  cells — invading  the  tissues  of  the  uterus,  from 

Flo.  558. — Laroe  Cei,l«  rBOU  Choriomepithi!ijuma  of  the  Utebub. 
Vminiil  curcltings. 

which  they  directly  derive  their  nourishment,  without  the  development 
of  a  special  stroma,  as  is  the  case  of  most  tumors,  that  give  character  and 
malignancy  to  chorionepitheliomata  when  they  have  become  freed  from 
the  restraints  of  normal  growth. 

In  typical  cases  the  chorionepitheliomata  of  pregnancy  (Fig.  557)  are 

formed:  first,  of  large  polynuclear  cells  or  cell  masses^syneytial  masses 
— appearing  in  irregular  multinuclcar  strands  or  branching  protoplasmic 
structures;  and,  second,  of  more  transparent,  sharply  circumscribed, 

polyhedral  colls  with  single  oval  nuclei,  with  glycogen-containing  proto- 
pla.sm.  They  often  contain  free  blood  and  fibrin,  and  the  stroma  is 
largely  made  up  of  the  tissue  which  they  invade. 

In  many  instances  these  tumors  are  less  typical  in  structure,  depart- 
ing more  from  the  character  of  the  chorionepithelium.  The  delicately 

outlined  transparent  cells  may  be  absent;  the  syncytial  masses  may 
fail;  the  whole   growth  being  made  up  of  irregularly  shaped  cells  of 

1  See  (or  natudi- of  embolism  of  chorionic  Fflls.SrAnurl.  Verh.  druLich.  path.  Gis..  1904.  B<l,  viil., 
p.  39;  oIho  ihul..  Cenlrtil.  (.  Gynflkol.,  Bd.  ixii..  190.i,  p.  129.  .'Ifl-  alio  r«(.  Zpit,  f,  OeburtshiUe  u. 
(lynakol..  Bd.  xlii.,  p.  210. 



822  THE  REPRODUCTIVE  ORGANS  OF  THE  FEMALE 

various  sizes  with  nuclei  varying  in  size,  but  often  very  large  (Fig.  558). 
The  cells  are  sometimes  multinuclear. 

Chorionepitheliomata  were  at  first  regarded  as  sarcomata,  but  are 

now  know^n  to  be  derived  from  cells  of  the  chorionic  villi.  In  many 
cases  they  bear  an  intimate  relationship  to  hydatid  moles. 

The  development  of  these  tumors  often  follows  the  discharge  of  an 
hydatid  mole.  In  the  malignant  types  there  may  be  invasion  of  the  wall 
of  the  uterus  and  the  pelvis  with  repeated  haemorrhages  and  cachexia. 
Vaginal  metastases  are  common  and  develop  early,  and  there  may  be 
general  metastasis  with  secondary  tumors,  most  often  in  the  lungs  and 
liver.  They  may  develop  as  a  sequel  to  ectopic  gestation,  but  this  is 

rare:    they  may  follow  retained  placenta.^ 

CHORIONEPITHELIOliA  WITH  TERATOliA. 

Several  cases  are  recorded  in  w^hich  females  whose  age  or  condition 
precluded  the  possibility  of  pregnancy  have  developed  tumors  having 
the  characters  of  the  chorionepitheliomata.  These  it  is  believed  are 
all  instances  in  which  teratomata  furnished  the  embryonal  ectodermal 
tissues  in  which  the  tumors  originated.  Similarly  the  so-called  chorion- 

epitheliomata of  the  testicle  (Fig.  601),  of  w^hich  several  cases  have  been 
described,  are  derived  from  teratomata. 

PARASITES  AND  CYSTS. 

Echinococcus  has  been  found  in  the  body  and  neck  of  the  uterus,  and 
may  rupture  into  the  peritoneal  cavity  or  into  the  vagina. 

Cysts. — Aside  from  the  cysts  which  develop  in  tumors  of  the  uterus, 
the  mucous  follicles  in  the  cervix  are  frequently  so  dilated  as  to  form 
cysts  filled  with  a  gelatinous  material  and  more  or  less  epithelium. 
These  cysts  may  be  large  or  small,  and  are  frequently  called  ovula  Nahothi 
(Fig.  543).  Sometimes  there  is  an  inflammatory  growth  of  new  connec- 

tive tissue  about  these  cysts.  In  other  cases  the  cysts  may  project 
from  the  mucous  membrane  in  the  form  of  polypi.  Similar  changes 
are  infrequently  found  in  the  body  of  the  uterus  from  the  dilatation  of 
occluded  uterine  glands.  Dermoid  cysts  are  rarely  found  in  the  walls 
of  the  uterus. 

Lesions  of  the  Placenta.' 

Aside  from  the  variations  from  the  normal  in  size,  shape,  and  posi- 
tion, for  a  description  of  which  w^e  refer  to  the  works  on  obstetrics,  we 

1  For  a  study  of  clinical  and  microscopical  variations  of  these  tumors,  with  suggestions  for  diagnosis 
see  Fran/:,  N.Y.Med.  Jour.,  vol.  Ixxxiii.,  p.  793,  1906.  For  experimental  studies  of  Leo  Lodt  on 
the  sensitizing  of  the  uterine  mucous  membranes  in  animals  by  the  corpus  luteum  secretion  and  the 

subsequent  production  through  traumatic  stimuli  of  new  tissue  growths  in  the  submucosa — *'decid- 
uoma,"  see  Loeb,  Jour.  Am.  Med.  Assn.,  1.,  1897,  1908;  Ibid,  lii.,  1471,  1909,  and  Arch.  f.  Entwick- 
lungsmech  d.  Oiganen,  xxvii..  No.  1,  1909;  also  for  bibl.  of  secretion  of  corpus  luteum  with  exp.  study, 
sec  Frank,  Arch.  Int.  Med.,  vi.,  314,  1910. 

2  For  a  study  of  the  placenta,  normal  and  pathological,  see  Eden,  Journal  of  Path,  and  Bact.,  vol. 
iii.,  p.  449,  1896,  and  vol.  iv.,  p.  265,  1897,  bibl. 
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may  briefly  mention  here  some  of  the  more  important  structural  changes 
which  the  placenta  may  undergo. 

DEGENERATION. 

Fatty  and  amyloid  degeneration  and  calcification  of  the  placental 
tissue  are  of  not  infrequent  occurrence. 

HEMORRHAGE. 

This  mav  occur  either  on  the  maternal  surface  in  the  decidua,  or 
between  the  foetal  surface  and  the  membranes,  or  in  the  substance  of  the 
placenta.  The  latter  form  of  haemorrhage  constitutes  the  true  placental 
apoplexy.  This  may  occur  as  the  result  of  rupture  of  a  placental  sinus. 

The  placental  tissue  is  crowded  apart,  and  a  blood-clot,  often  infiltrating 
the  parenchyma,  is  formed.  This  may  lead  to  abortion,  or  the  blood 
may  undergo  disintegration  and  absorption  and  its  place  be  occupied  by 
a  cicatrix.  The  placental  tissue  in  its  vicinity  may  undergo  fatty  degen- 

eration. Under  other  conditions,  without  evidence  of  rupture  of  the 
vessels,  the  placental  tissue  may  become  infiltrated  with  l)lood  in  the 
form  of  an  infarction.  In  this,  degenerative  changes  similar  to  the  above 
may  occur,  leading  to  fibrous  induration  of  the  placenta. 

The  so-called  ''infarctions''  of  the  placenta  vary  in  size,  appearance, 
structure,  and  origin.  They  are  most  frecjuently  due,  according  to 
Williams,  to  an  endarteritis  of  the  vessels  of  the  chorionic  villi.  They 

appear  to  be  of  little  significance  when  of  moderate  size.^ 

INFLAMMATION.     (Placentitis.) 

Suppurative  Inflammation  of  the  placenta,  with  the  formation  of 
abscesses,  is  of  rare  occurrence  as  the  result  of  injury. 

Chronic  Indurative  Inflammation  of  the  placenta  may  result  in  the 
formation  of  circumscribed  masses  of  cellular  and  loose,  or  dense  and 
cicatricial,  connective  tissue,  or  in  a  diffuse  formation  of  connective  tissue 
which  may  interfere  with  the  nutrition  of  the  foetus  and  cause  abortion. 

The  new-formed  connective  tissue  may  undergo  fatty  degeneration  or 
calcification. 

In  another  class  of  cases  the  new  connective  tissue  is  formed  mainly 
in  the  walls  of  the  vessels,  particularly  the  arteries.  This  may  occur  in 
circumscribed  portions  of  the  vessels,  leading  to  nodular  growths  around 
the  arteries,  or  it  may  occur  extensively  along  the  various  ramifications 
of  the  vessels,  converting  them  into  thick  fibrous  cords.  The  change  is 
primarily  in  the  adventitia,  but  all  the  coats  of  the  vessel  may  become 
involved,  leading  to  more  or  less  complete  obliteration  of  the  lumen. 

Various  proliferative  and  indurative  changes  in  the  placenta  may 
occur  as  the  result  of  syphilitic  inflammation. 

Tuberculous  Inflammation  of  the  placenta  may  occur  in  connection 
with  other  tuberculous  processes  in  the  mother. 

1  For  a  study  of  placental  infarcts  see  H't7/iama,  "Welch  Anniversary  Contr.  to  the  Science  of 
Medicine,"  1900,  p.  431,  bibl. 
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TDHORS. 

Moles. — Under  various  conditions  interfering  with  its  nutrition  the 
foetus  may  die  and  be  cast  off.  The  placenta  and  membranes  may 

then  dry,  forming  a  fibrous  or  fleshy  or  blootiy  mass — Jibrous  mole; 
flenky  mole:  hliiody  mole.     These  are  not  genuine  tumors. 

^  yt'  #■  ̂       c^.-V   .«.   •?    fi,  ■■     ' 

Placental  Polyps. — Not  infrequently,  especially  after  abortions,  por- 
tions of  the  placenta  (Fig.  Sf*!))  rem^iin  attached  in  the  Uterus  and  may 

undergo   various   phases  of  hyperplasia   forming  polypoid  outgrowths 
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or  diffuse  thickening  of  the  mucous  membrane,  resembling  some  of  the 
forms  of  moles  in  character.     This  condition  is  often  associated  with 

glan<lular  endometritis,  and  curettings  of  the  uterus  may  then  show 
both  placental  structures  and  glandular  hyperplasia  of  the  mucous 
membrane  (see  Fig.  560). 
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Sometimes,  however,  the  placenta,  or  some  part  of  it,  is  transformed 
into  an  irregular  mass  of  rounded  pink  or  colorless  transparent  or  trans- 

lucent bodies,  from  two  to  ten  millimetres  in  diameter — hydatid  moles 
(Figs.  561  and  562).  These  bodies,  attached  to  the  elongated  chorionic 
villi,  consist  of  loose,  vascular  connective  tissue  resembling  mucous 
tissue  and  are  covered  with  chorionic  epithelium.  The  cause  of  this 
transformation  of  the  placenta  is  unknown.  It  may  be  cast  off  with 
the  foetus  or  there  may  be  no  trace  of  the  embryo.  But  the  hydatid  mole 
may  remain  after  the  foetus  is  discharged,  and  through  the  growth  of  the 

chorionic  epithelium  may  give  rise  to  chorionepithelioma*  (see  p.  821), 
or  to  chorionepithelial  emboli  in  various  parts  of  the  body,'  with  meta- 

static growths  having  the  characters  of  hydatid  moles. 
C]rst8  of  the  placenta  are  of  occasional  occurrence;  their  origin  is  in 

most  cases  obscure.' 

The  Ovaries. 

Malformations. 

One  or  both  ovaries  may  be  absent,  the  other  organs  of  generation  being  also  absent 
or  undeveloped;  or  they  may  be  only  partially  developed.  Absence  or  arrest  of 
development  of  one  ovary  occasionally  occurs  in  otherwise  well-formed  individuals, 
and  is  sometimes  accompanied  by  a  low  position  of  the  kidney  on  the  same  side.  The 
ovaries  may  pass  into  the  inguinal  canal  or  into  the  labia  majora,  and  remain 
fixed  there  through  life.  Less  frequently  they  are  found  in  the  crural  canal  or  the 
foramen  ovale. 

Changes  in  Size  and  Position. 

The  ovaries  may  become  larger  than  normal  by  chronic  inflammation,  by  the 
formation  of  cysts  and  tumors.  They  may  become  atrophied  in  old  age,  the  Graafian 
follicles  disappearing  and  the  organ  shrivelling  into  a  small,  irregular,  fibrous  body. 
Atrophy  may  be  produced  by  ascites,  by  chronic  inflammation,  or  from  unknown 
causes.  As  the  result  of  the  maturing  and  rupture  of  the  Graafian  follicles,  with  and 
without  pregnancy,  the  surface  of  the  ovary,  which  before  puberty  is  smooth,  may 
become  roughened  by  irregular  cicatricial  depressions. 

In  adult  life  the  ovaries  may  pass  as  herniae  into  the  inguinal  or  crural  canal,  the 
foramen  ovale,  or  the  umbilicus.  Their  position  in  the  abdomen  may  be  changed  by 
the  pressure  of  tumors,  the  traction  of  false  membranes,  etc.  This  may  occur  in 
enlarged  ovaries  or  in  those  of  normal  size,  and  by  the  compression  of  the  veins  may 
lead  to  congestion  and  chronic  inflammation  of  the  organs. 

HYPERiEMIA  AND  HEMORRHAGE. 

Aside  from  the  normal  hypersemia  of  the  ovaries  during  various  sexual 
functions,  the  vessels  may  be  congested  in  inflammation,  in  displacements 
with  interference  with  the  venous  circulation,  in  certain  diseases  of  the 
heart,  etc.,  and  this  may  then  be  followed  by  chronic  inflammation. 

»  See  Pick,  Berl.  klin.  Woch..  1897.  pp.  1069  and  1097. 
-6ee  Schmorl,  Verb.  d.  deut.  Naturf.  u.  Aerzte,  Bd.  ii.,  1897,  part  2,  pp.  21  and  111;  also  t6id.. 

Verb.  d.  deut.  Patb.  Ges..  Bd.  viii.,  p.  39,  1904. 
'  See  Ahlfeldt,  Arch,  fur Gynakologie,  Bd.  xi.,  1877.  p.  397;  Fenomenow,  ibid.,  Bd.  xv.,  p.  .343,  1880; 

Ho/meier,  *'Die  menschliche  Placenta,"  1890;  Biland,  Ziegler's  Beitr.,  Bd.  xl.,  p.  195.  1907,  bibl. 
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The  menstrual  periods  are  accompanied  by  the  effusion  of  blood  into 
a  Graafian  follicle.  Normally  the  amount  of  blood  is  small,  becomes 
solid,  is  decolorized,  and  then  gradually  absorbed.  Sometimes  the  effu- 

sion of  blood  is  much  greater;  the  follicle  filled  with  blood  is  as  'arge  as 

a  pigeon 's  egg.  The  blood  may  remain  in  the  follicle,  and  be  absorbed 
and  replaced  by  a  serous  fluid,  or  through  rupture  it  may  escape  into  the 

peritoneal  cavity.  Death  may  ensue  from  the  ha-morrhage,  or  the  blood 

may  collect  in  Douglas'  cul-de-sac  and  become  encapsulated.  Haemor- 
rhages also  occur  in  follicles  which  have  become  cystic.  Interstitial 

haemorrhage  in  the  ovary  sometimes  occurs  without  known  cause. 

IHFLABfHATIOR.     (Oophoritis.) 

Acute  Exudative  Inflammation  of  the  ovaries  occurs  most  frequently 
in  the  puerperal  condition,  either  as  part  of  a  general  peritonitis  or  as  a 
primary  affection. 

With  puerperal  peritonitis  both  ovaries  are  usually  inflamed;  they 
are  swollen,  congested,  soft,  infiltrated  with  serum  or  pus,  or  gangrenous. 
The  lesion  may  involve  principally  the  capsule,  the  stroma,  or  the 
follicles.     Inflammation  of  the  capsule  results  in  adhesions  and  collections 

of  pus,  shut  in  by  false  membranes;  of  the  stroma,  in  abscesses  and 
fibrous  induration;  of  the  follicles,  in  their  dilatation  with  purulent 
serum. 

If  the  inflammation  of  the  ovary  be  the  primary  lesion,  it  is  usually 
confined  to  one  organ.  The  stroma  of  the  ovary  is  infiltrated  with  serum 
and  pus,  ami  may  contain  abscesses  of  large  size.  In  other  cases  the 
ovary  it.self  is  but  little  changed,  but  is  surrounded  by  a  ma.ss  of  fibrinous 
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and  purulent  exudation.  Such  independent  forms  of  ovarian  inflam- 
mation may  terminate  in  recovery;  or  the  abscesses  may  perforate  into 

the  rectum  and  vagina;  or  the  ovary  is  left  indurated  and  bound  down 
by  adhesions;  or  the  patient  may  die. 

Acute  exudative  inflammation  of  the  ovaries  unconnected  with  the 
puerperal  condition  is  not  common,  but  It  may  occur  in  connection  with 

acute  or  chronic  peritonitis  or  perimetritis,  with  various  infectious  dis- 
eases, pyiemia,  etc.     It  is  usually  confined  to  one  ovarj'. 

Chronic  Interstitial  Oophoritis  is  not  infrequently  preceded  by  an 
acute  inflammation,  or  it  may  gradually  develop  as  an  independent  con- 

dition, often  determined  by  some  mechanical  interference  with  the  blood 
current.  The  organ  may  be  increased  in  size,  owing  to  the  formation  of 
loose,  cellular,  or  of  dense,  firm,  new  connective  tissue.     Under  these 

conditions  the  blood-vessels,  especially  the  veins,  may  be  widely  dilate<l, 
and  cysts  in  varying  number  and  size  may  be  present  (Fig.  563).  Some- 

times the  new-formed  den,'4e  connective  tissue  may  be  largely  limited  to 
the  surface  of  the  organ,  so  that  the  albuginea  may  become  dense  and 
thick.  Under  these  conditions  the  surface  of  the  ovary  may  be  smooth 
or  rough. 

On  the  other  hand,  the  organ  may  be  smaller  than  normal  as  the 
result  of  the  formation  of  dense  new  interstitial  connective  tissue,  and  its 

surface  greatly  roughened  and  distorted  (Fig.  5(H).  Sometimes  the  for- 
mation of  new  dense  tissue  may  be  largely  confined  to  the  walls  of  the 

arteries,  which  become  prominent  and  tortuous.  Obliterating  endarter- 
itis is  not  infretiuent.  The  atrophiett  ovary  may  be  largely  made  up  of 

thick-walled  arteries  and  of  fibrous  masses  which  are  the  result  of  incom- 
plete resolution  of  the  corpora  lutoa. 

Occasionally  a  more  or  less  extensive  hyperplasia  of  cells  in  the  corpus 
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luteum  leads  to  the  development  of  larger  or  smaller  new-formed,  convo- 
luted, nodular  masses  in  the  ovary,  which  are  sometimes  regarded  as 

tumors.'  Sarcomata  of  the  ovary  appear  to  originate  in  such  a  hyper- 
plasia (see  Fig.  5G7). 

Tuberculous  Inflammation  of  the  ovaries  is  rare,  and  may  accompany 
tuberculous  inflammation  of  other  organs,  particularly  the  peritoneum 
and  Fallopian  tubes.  It  usually  results  in  the  production  of  dense 
caseous  nodules  of  considerable  size. 

Syphilitic  Inflammation  in  the  form  of  gummata  is  uncommon. 

Fibroma  is  not  common  nor  usually  of  great  importance.  Such 
tumors  may  be  small  or  large.  They  are  usually  dense  in  tctture,  and 
seem  often  to  originate  in  the  tissue  formed  in  the  closure  of  the  ruptured 
Graafian  follicle.  They  may  contain  cysts  or  be  accompanied  by  cysts  of 
the  surrounding  stroma.  Papillary  fibromata  of  the  surface  of  the  ovary 
are  not  infrequent  (Fig,  5(>5}.  They  may  contain  cysts  (Fig.  560),  and 

the  growth  may  be  transplanted  from  this  situation  to  the  general  perit- 
oneal surfaces.     Angioma  is  described. 

Chondroma  of  the  ovaries  is  described,  but  is  rare;  cartilage  not  infre- 
quently occurs,  however,  in  dermoid  cysts. 

Leiomyoma  containing  more  or  less  fibrous  tissue  is  of  occasional 
occurrence. 

Sarcoma  of  the  ovaries  is  not  common.  It  is  usually  primary,  and 
may  apparently  develop  from  the  new-formed  cells  of  the  corpus  luteum 
(Fig.  507),  but  may  be  metastatic.  It  is  usually  of  the  spindle-celled 
variety,  but  may  contain  areas  of  spheroidal-celled  tissue  or  more  or  less 
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fibrous  tissue.  The  tumors  may  be  hard  or  soft,  and  are  apt  to  involve 
both  ovaries.  Endotheliomata  may  be  found  in  the  ovaries  (Fig.  568). 

Carcinoma,  usually  of  the  medullary  variety,  may  occur  as  a  primary 
tumor  of  the  ovary.  It  may  be  due  to  a  continuous  extension  from 

neighboring  organ.-i,  or  more  rarely  it  is  of  metastatic  origin.  Although 
the  medullary  carcinomata  are  the  most  common,  scirrhous,  melanotic, 
and  gelatinous  forms  sometimes  occur.  Some  types  of  carcinoma  stand 
in  very  close  relation  with  certain  of  the  cystic  adenomata  (see  below). 

Adenoma  (Cystic  Adenoma ;  Compound  Ovarian  Cjrst ) . — These 
growths,  which  may  occur  in  one  or  both  ovaries,  form  one  of  the  most 
common  and  important  classes  of  ovarian  tumors.  They  probably 
originate  in  the  gland  epithelium  of  the  ovary  either  before  or  after  the 
formation  of  the  Graafian  follicles.  Some  of  their  most  noteworthy  and 
important  features  depend  upon  their  tendency  to  the  formation  of  cysts. 
It  should  be  remembered,  however,  that  the  primary  lesion  is  &  true  new 
formation  of  glandular  tissue,  and  not,  as  in  the  case  of  most  cysts,  a 
transformation,  by  retention  or  otherwise,  of  pre-existing  structures. 

The  growth  primarily  consists  of  a  fibrous  stroma  in  which  are  tubu- 
lar follicles  lined  with  cylindrical  epithelium — ylandular  type.  Or,  in 

some  cases,  it  consists  of  papillary  outgrowths  from  a  fibrous  stroma, 

which  are  covered  with  cylindrical  epithelium— pa pi'Hary  type. 



THE    REPRODUCTIVE    ORGANS    OF   THE    FEMALE 



832  THE    REPRODITTIVE    ORGANS    OF    THE    FEMALE 

Glandiilm-  CysUidenoma. — There  is,  as  above  stated,  a  marked  ten- 
dency, in  this  form  of  adenoma,  to  dilatation  of  the  follicles  by  a  serai- 

fluid  material,  and  the  formation  of  cysts.  There  may  be  a  number  of 
follicles  equally  dilated,  so  as  to  form  a  number  of  cysts  of  moderate  size 

(Fig.  Stiil);  or  a  few  follicles  are  greatly  dilated  to  form  a  large  mullUocu- 
lar  cyst  with  but  few  compartments  (Fig.  570).  The  walls  of  the  cysts 
may  fuse  together  an<l  be  absorbed,  so  as  to  form  one  large  cyst  divided 

by  incomplete  septa — unilocular  cysts.  The  stroma  in  which  the  follicles 
and  cysta  are  embedded  may  be  largely  developed  or  very  scanty. 

The  walls  of  the  larger  cysts  are  composed  of  fibrous  tissue  which  is 
dense  in  the  outer  layers,  more  cellular  in  the  inner,  upon  which  the 
epithelium  is  placed.     They  may  be  thin  and  membranous,  or  therejs 

upon  their  internal  surfaces  an  intracystic  growth  composed  of  a  fibrous 
.stroma  and  tubular  follicles.  These  secondary  follicles  may  also  be  filled 
with  fluid  and  form  larger  and  smaller  cysts.  The  intracystic  growths 

may  bo  so  large  as  to  fill  up  the  original  cysts.  Sometimes  the  intracys- 
tic growth  presents  very  little  dilatation  of  its  follicles,  so  that  the  entire 

tumor  has  more  the  character  of  a  solid  growth  than  of  a  cyst. 
The  cylindrical  epithelium  lining  the  cysts  usually  forms  a  single  layer 

(Fig.  571),  but  several  layers  often  irregular  in  thickness  may  form,  and 
owing  to  the  accumulation  of  fluid  the  cells  may  become  flattened  and 
atrophied,  or  they  may  be  fatty  or  deriquamated.  The  contents  of  the 
cysts  differ  considerably  in  different  cases,  and  even  in  different  cysts  in 
the  same  case.  They  may  be  tough  and  ropy,  or  gelatinous  or  serous; 
transparent  and  colorless,  or  yellow  or  reddish,  or  red<lish  brown;  or 

they  may  be  turbid  and  colorless,  or  variously  colored — red,  brown,  or 
chocolate. 
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Chemically  the  eyst  contents,  when  thick  and  ropy,  include  mucin  or 

paralbumin,  and  perhaps  other  less  well-known  compounds  belonging  to 
the  same  class.  It  is  probable  that  the  contents  of  these  cysts  are,  so  far 

as  the  mucin  and  paralbumin  are  concerned,  produced  by  a  metamor- 

phosis of  the  protoplasm  of  the  lining  cells,  similar  to  that  by  which  the 
mucin  is  produced  in  the  mucous  glands  and  in  mucous  membranes. 

The  cylindrical  cells  often  present  the  form  of  the  so-called  "beaker 
cells,"  and  in  some  cases  the  mucous  contents  of  the  cysts  are  seen  to  be 
continuous  with  the  similar  contents  of  the  beaker  cells.     It  is  probable 



O.J4  THK  i{Ei'm)[H"(rivK  <)K(;a.\s  ok  thk  female 

that  imu'h  of  the  iluid  cdiitpnts  of  the  cyrsts  comes  from  Kituple  transu- 
dation. 

Microscopically  the  contents  of  these  cyats  present  also  consitlerable 

may  be stages 

nay  he 

cylindrical,  or  flattened,  or  polyhedral  cells,  either  well  preserved,  swol- 
len, or  in  a  state  of  fatty  degeneration,  or  fragments  of  these  cells.  It 

is  these  various  forms  of  cells,  often  more  or  less  swollen  and  in  a  con- 
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(lition  of  more  or  lews  well-marked  granular  ami  fatly  degeneration,  whicli 
have  been  eonsidered  characteristic  of  the  ovarian  cvHts  and  are  some- 

times failed  Drysilule  's  corpuscles.  'While,  however,  they  are  of  frequent 
occurrence  under  these  conditions,  they  are  by  no  means  pathognomonic, 
since  we  find  them  in  the  contents  of  various  kinds  of  cysts  and  cavities 
where  the  cells  are  undergoing  degeneration.  In  addition  to  the  above 
structural  elements  we  may  find  free  fat  droplets,  chotesterin  erystalf, 
pigment  granules,  and  more  or  less  granular  detritus.  The  gelatinous 
material  filling  these  cysts  is  sometimes  culled  colloid,  and  the  cysts  are 
frequently  called  colloid  cysts. 

Numerous  secondary  changes  are  liable  to  occur  in  these  cysts.     The 
cells  may  peel  off,  the  walls  of  the  cysts  atrophy  or  become  calcified. 

Suppurative  inflammation,  perforation  into  the  peritoneum,  bladder, 
vagina,  or  rectum;  hsemorrhage,  gangrene,  etc.,  may  occur.  As  a  result 
of  chronic  productive  processes,  the  cyst  walls  may  become  thickened 
and  extensive  adhesions  form.  Carcinoma  may  develop  froni  these 
tumors. 

Piipillan/  Cyntmlenomu. — ^This  type  of  cystadenoma  was  formerly 
regarded  as  but  a  variety  of  the  form  above  described — a  variety  charac- 

terized by  papillary  outgrowths  in  cauliflower-like  tufts  from  the  walls 
of  the  cysts,  which  often  in  large  degree  fill  the  cyst  spaces  (Fig.  572). 
There  appears,  however,  to  be  sufficient  evidence,  both  anatomical  and 
clinical,  to  justify  the  separation  of  the  papillary  from  the  glandular 
form  of  cystadenoma. 

The  papillary  cystadenomata  are  not,  as  a  rule,  as  large  as  the  gland- 
ular form.  The  cysts  are  fewer  and  they  do  not  contain  colloid  material. 

The  papillary  outgrowths  often  break  through  the  cyst  walls,  and  may 
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be  transplanted  to  the  peritoneal  or  other  surfaces  in  the  form  of  multiple 
cystic  or  papillary  tumors  (Fig.  573).  The  papilbe  and  cyst  walls  may 

be  lined  by  cylindrical  and  often  by  ciliated  epithelium.' 
Follicular  Cysts  of  the  Ovary, — Tlie  Graafian  follicles  may  be  dilated 

so  as  to  form  cysts.  This  may  occur  in  one  or  both  ovaries,  and  the  cysts 
may  be  small  or  large,  single  or  multiple  (Fig.  574).  They  are  usually 
found  after  middle  life,  but  may  occur  during  youth,  childhood,  or 
even  in  the  foetus.  The  follicles  dilate  from  the  accumulation  of  fluid 

within  them;  the  ovum  is  destroyed,  the  epithelium  flattened.  The  con- 
tents are  usually  serous  and  colorless,  but  may  be  viscid,  turbid,  purulent, 

or  variously  colored,  red,  yellow,  or  brown.     The  ovary  may  be  crowded 

with  numerous  cysts  of  moderate  size,  whose  adjacent  walls  may  coalesce 

and  atrophy,  forming  communications  between  them.' 
A  variety  of  this  type  of  cyst  is  formed  by  the  dilatation  of  a  corpus 

luteum  cither  with  or  without  the  hyperplasia  of  the  wall. 

Dermoid  Cysts  (Teratomata) . — These  cysts  may  be  uni-  or  multilocu- 
lar,  are  usually  of  moderate  size,  but  sometimes  become  as  large  as  a 

man 's  head  or  larger.  Their  fibrous  walls  may  be  thick  or  thin,  and 
porlions  of  the  internal  surface  may  present  more  or  less  completely 
developed  cuticular  structures,  such  as  corium,  papillfe,  epidermis,  haira 
and  hair  follicles,  sebaceous  glands,  etc.  The  cavity  may  contain  a 
thick,  whitish,  greasy  material  composed  of  flattened  epithelium,  fat,  or 
cholesterin  crystals.  Or  the  cavity  or  walls  may  contain  masses  of 
irregularly  formed  hair  (Fig.  575),  teeth,  bone,  cartilage,  striated  muscle, 

thyroid  gland,*  and  nerve  fibres  and  cells.'     Such  embryonal  growths, 
ivsrina  asU  svc  RtM'ffl.  Johns  Hopkins  Hosp.  Bull., 

I.  1.  1900.  hilil.  . 
I  Ihe  ovnrj'  Imrumn  ovurii)  see  Frnnk,  Am.  Jour.  Obitet., 

sis  of  the  ovary  see  Aratperger,  Virehow's  Arch..  Bd. 
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may  exist  for  many  years  without  causing  inconvenience;  but  inflamma- 
tory changes  may  occur  in  them, 

leading  to  adhesions  and  per- 
forations into  adjacent  organs. 

They  may  form  the  nidus  for 
the  development  of  carcinoma, 
chorionepithelioma  (see  p.  820), 
and  other  tumors,  or  they  may 
calcify. 

In  addition  to  the  above- 
described  adenoid,  dermoid, 
and  simple  follicular  cysts. 
there  are  a  number  of  com- 

posite forms  of  not  infrequent 
occurrence.  Thus,  in  connec- 

tion with  dermoid  cysts  or 
separately,  there  may  be  simple 
ciliated  cysts  or  those  which 
partake  of  the  characters  of 
both  adenoid  and  dermoid 

cysts.      These  may  be  multi- 
locular  and  be  lined  with  flat-  ^lo.  57B.-DERMoit.  c«t  or  the  ovart. 

tened,   cylindrical,    or  ciliated        **""  "*  "•"  "^t^^Z^^Z""  "'  ̂"  "" epithelium,    and   may  contain 
epidermal   cells,    cholestcrin   or   mucin,   etc. 

Small  cysts,  sometimes  pedicu- 
lated,  sometimes  not,  of  doubtful 

origin  and  usually  of  no  special  sig- 
nificance, arc  frequently  found  grow- 

ing from  the  broad  ligament  near 
the  ovary.  The  walls  are  usually 
very  thin,  lined  with  flattened  epi- 

thelial cells,  and  the  contents  serous 

(Fig.  576). 
Teralomata  not  cystic  are  of  oc- 

casional occurrence  in  the  ovary.* 
Cysts  of  the  Parovarium,  lying 

between  the  peritoneal  layers  of  the 
broad  ligament,  are  usually  small, 

but  may  be  as  large  as  a  man 's  head. 
They  are  usually  lined  with  ciliated 

epithelium,  but  sometimes  with  flat- 
tened non-ciliated  cells.  The  con- 

r^CBow-  tents  ijiay  be  serous,  or  may  be  thick 
and  contain  mucin  and  paralbumin. 

.*.  Zicgler'g  B«itr,.  ■.  path.  Anst.,  Bd.  lii..  p.  367,  189«:  Cor  a  aummaiy  of  views 

Fla.,S7e.— Siij 
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The  Fallopian  Tubes. 

HBlformstionG. 

Absence  of  ill) I h  tubes  occurs  with  ahfenccitf  the  uterus.  One  tube  may  he  alisf nt, 
with  arrested  devcloi'tnent  of  (lie  corresponding  side  of  the  uterus.  Both  lubes  may 
be  imperfectly  licvcloped ;  either  of  their  ends  may  lie  chwed;  they  may  be  inserted 
into  the  ulerus  at  an  abnormal  place;  they  may  terminate  in  two  or  three  abdominal 

ChangeB  in  Position  and  Siie. 

The  t'allopian  tubes  may  participate  in  the  various  malpositions  of  the  ulerun  and 
ovaries;  but  they  arc  most  freijuently  displaced  by  the  contraction  of  adhesions 
formed  in  perimetritic  and  periovarial  inflammations. 

The  lumen  of  the  tube  may  Iw  partially  or  completely  closed  as  the  result  of 
inflammation  of  the  mucous  membrane:  of  peritonitis  about  the  fimbriated  extremity ; 

rorm.     BctwePD  the  distrnilecl  iuIk»  L*  the  fundun  of  Ihc  ulrnix. 

of  tumors  or  inflammation  of  the  uterus;  or  by  pressure  from  wilhout,  or  by  adhesions, 
tumors,  etc.     It  may  become  stopped  by  plugs  of  mucus  or  pus. 

Dilatation  of  the  tubes  may  be  produced  by  an  accumulation  of  catarrhal  or  other 
exudation,  when  there  is  partial  or  complete  stenosis  at  some  portion  of  the  tube. 
The  dilatation  may  be  moderate,  converting  the  tube  into  a  tortuous,  sacculated  canal 
containing  mucous  or  serous  fluid;  or,  more  rarely,  large  cysts  may  form  containing 

several  j»ounils  of  serous  fluid — hydmyiilpiiix'  (Fig.  5771.     As  the  fluid  collects  the 

'  For  a.  nlu<fy  of  hy.lnwiilpiiiii  with  full  hil.linnniphj-  spe  l-ullrn.  Johns  Hojjkina  Hosp,  Rep.,  vol. 
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ppitKelium  may  l)ocomc  flatteiicd  or  fufty  or  may  iJesi|uamatp.  Inflammation  may 
take  place  in  the  walls  of  the  dilated  tuhc  and  thp  contpnts  may  l>c  mixed  with  pus  or 
blood.  Rupture  of  the  dilated  lube  sometimes  oeoursr  or  severe  and  even  fatal 
hemorrhage  may  take  place  into  its  cavity.  Papillury  growths  are  sometimes  found 
sprinnitiK  from  the  inner  wall  of  the  cyst, 

HiGlfORRHAGE. 

HEpmoiThage  into  tlie  tube  may  occur  in  puerperal  wonipn  with  retro- 
version of  the  uterus,  with  abortionH;  hu'matometra  and  tubal  preg- 

iianey;  in  acute  infectious  diseases.  The  Wood  may  undergo  degenera- 
tive changes  and  be  largely  absorbed,  or  it  may  escape  into  the  peritoneal 

cavity  an<l  incite  peritonitis. 

IHFLAHICATION.     (Salpingitis.) 

Catarrhal  Inflammatloa  of  the  mucous  membrane  of  the  Fallopian 
tul>es  commonly  occurs  in  connection  with  endometritis,  frequently  in  the 

puerperal  condition.  In  the  acute  stage  the  mucous  membrane  is  hyper- 
a'mic  and  wwoHcn,  ami  covered  with  a  mucous  or  muco-purulcnt,  often 

blooiiy  exudate.  The  inflammation  may  subside,  leaving  no  lesions,  but 
if  more  fre(|uently  becomes  chronic,  and  may  then  result  in  peritonea, 
adhesions,  thickening  of  the  wall.s,  obliteration  of  the  tubes,  dilatation! 
etc.;  or  the  mucous  membrane  may  undergo  hypeipla-sia  with  papillary 
outgrowth.  Such  papillary  masses  may  partially  coalesce,  forming,  on 
the  accumidation  of  fluid,  cyst-like  cavities  lined  with  epithelium. 
Hyperplasia  of  the  muscle  wall  of  the  tube  may  be  associated  with  these 

conditions.' 
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Suppurative  Salpln^tis. — Catarrhal  inRammation  of  the  mucous  mem- 
brane may  assume  a  suppurative  character,  sometimes  in  connection 

with  puerperal  metritis  and  peritonitis,  and  often  as  a  result  of  gonorrhceal 

infection.'  Under  these  conditions  the  wall  of  the  tube  may  be  involved 
and  pus  may  exude  from  the  abdomin^  ends.  It  is  difficult,  in  many 
cases  of  suppurative  salpingitis  associated  with  peritonitis,  to  say  which 
is  the  primary  lesion. 

If  the  abdominal  end  of  the  tube  be  closed  by  adhesions  or  otherwise 
there  may  be  a  considerable  collection  of  pus  in  the  tubes,  causing  dila- 

tation— pyosulpinx  (Figs.  578  and  579).  Such  a  collection  may  rupture 
into  the  peritoneal  cavity,  or  the  pus  may  escape  into  a  cavity  shut  in  by 

adheBions,  or  may  p^forate  into  the  intestine  or  bladder.  Or  it  may 
dry  and  finally  become  calcified. 

Suppurative  salpingitis  is  most  commonly  incited  by  the  gouococcus 
or  the  pyogenic  bacteria. 

Tuberculous  Salpin^tis. — The  lesions  are  most  frequently  seen  in  the 
later  stages  of  the  process,  when  the  mucous  membrane  is  partially  or 
entirely  converted  into  a  thick,  caseous,  often  ulcerating  layer  {Fig.  580). 
The  lumen  of  the  tubes  may  be  dilated,  and  the  walls  thickened  from 
chronic  inflammation.  This  lesion  may  occur  by  itself,  or  may  be  asso- 

ciated with  tuberculous  inflammation  of  the  lungs,  or  of  the  other  genito- 
urinary organs,  or  of  the  peritoneum.  It  usually  commences  at  the 

abdominal  ends  of  the  tubes,  and  both  tubes  are  apt  to  be  involved. 
Syphilitic  Inflammation,  manifested  by  a  diffuse  fibrous  thickening  of 

the  wall,  has  been  described. 

1  For  a  study  of  goaorrho^ul  anlpiogitis.  see  Curd.  Jour.  Ufd.  Res.  iiiii.,  151,  I9I0. 
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TUMORS. 

Small  fibromata  and  fibro-myomata  sometimes  occur  in  the  wall  of  the 
tubes  or  in  the  fimbria.  Small  Upomata  have  been  seen  between  the 
folds  of  the  broad  ligament  in  close  connection  with  the  tubes.  Papltlo- 
mata  are  rare.     Hyzoma  is  recorded.     Sarcoma  is  rare. 

Carcinoma  of  the  tubes  is  usually,  if  not  always,  secondary  to  carci- 
noma of  the  uterus  or  the  ovaries. 

Cysts,  usually  of  small  size,  sometimes  pediculated  and  with  thin 

walls,  are  frequently  seen  in  the  peritoneal  covering  of  the  tubes  or  in 

the  fimbria.  They  are  believed  to  be  of  embryonal  origin.  Combina- 
tion cysts  of  the  tubes  and  ovaries  are  of  occasional  occurrence — retro- 

ovarian  cysts.' 
Dilatation  of  the  tubes,  as  above  described,  may  convert  them  into 

cyst-like  structures. 

Extra-uterine  Pregnancy. 

Tubal  Pregnancv. — The  impregnated  ovum,  in  some  way  hindered  from  paasing 
into  the  uterus,  may  become  fixed  in  the  tube,  and  there  develop.  The  villi  of  the 
chorion  grow  into  the  mucous  memhraDe  of  the  tube,  forming  an  incomplete  placenta. 

1  S«  OnArnann,  Virch.  Arch.,  Bd.  civ.,  p.  320,  ISa9.  bibt. 
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Rare  case.s  are  recorded  in  which  the  placenta  was  situated  in  the  uterus  while  the 
fci'tus  was  developed  in  the  tube.  The  embryo  and  its  membranes  are  developed  until 
they  reach  such  a  size  that  the  tube  surrounding  them  ruptures.  This  may  occur  in 
the  first  month  or  not  until  much  later.  In  rare  cases,  when  the  wall  of  the  tube  was 
extensively  involved  in  the  formation  of  the  placenta,  the  development  has  gone  on 
until  term.  The  ovum  may  remain  in  the  tube  after  the  rupture,  or  may  escape  into 
the  peritoneal  cavity,  still  enveloped  in  its  membranes;  or  the  membranes  may  be 
ruptured  and  left  in  the  tube.  The  rupture  is  generally  attended  with  fatal  haemor- 

rhage. In  some  cases  death  is  caused  by  the  rupture  of  a  dilated  vein  while  the  tube 
is  still  intact.     Haemorrhage  into  the  sac  may  occur  before  it,s  rupture. 

In  rare  cases  death  does  not  take  place  and  the  foetus  is  shut  in  by  adhesions  and 
false  membranes.  The  embryo  soon  dies.  There  may  be  a  slow  ab.sorption  of  the 
soft  part.H  of  the  foetus,  the  bones  are  separated  and  left  embedded  in  a  ma.ss  of  fibrous 
tissue,  fat,  cholesterin,  and  pigment;  or  the  foetus  retains  its  shape  and  becomes 
mummified,  and  may  then  be  encrusted  with  the  salts  of  lime  (lithopedion). 

On  the  other  hand,  degeneration  and  gangrene  of  the  foetus  may  take.place  rapidly , 
with  inflammation  and  suppuration  of  the  surrounding  tissue.  There  may  be  perfora- 

tion and  escape  of  the  broken-down  foetus  through  the  rectum,  vagina,  bladder,  or 
abdominal  wall.  The  patient  may  die  from  peritonitis  or  exhaustion,  or  may  recover 
after  the  escape  of  the  foetus.  In  some  cases  the  foetus  may  escape  through  a  rupture 

of  the  tube  into  the  space  betw€»en  the  folds  of  the  broad  ligament. 
In  TUBo-ABDO.MiNAL  PRKGNANCY  the  development  of  the  ovum  is  in  the  fimbriated 

extremity  of  the  Fallopian  tube.  Adhesions  are  formed,  so  that  the  foetus  is  partly  in 
the  end  of  the  tube  and  partly  in  the  abdomen. 

Intp:rstitial  Pregnancy. — The  ovum  in  these  cases  is  arrested  and  developed  in 
the  portion  of  the  tube  which  passes  through  the  wall  of  the  uterus. 

Abdominal  Pregnancy. — ^The  ovum,  after  escaping  from  the  ovar\',  may  not 
enter  the  Fallopian  tube,  but  may  become  fixed  to  the  peritoneum,  usually  near  the 
ovary,  and  develop  in  that  position. 

(H'ARiAN  Pregnancy. — The  existence  of  this  form  of  pregnancy  is  doubtful  and 
difficult  to  prove,  but  there  are  .some  cases  in  which  it  seems  probable  that  the  ovum 
develops  in  its  Graafian  follicle.  The  placenta  may  be  attached  to  the  tube  or  to  the 
abdominal  wall. 

The  Mamma. 

Malformations. 

.\rrest  of  development  of  the  mammae  occurs  with  arrest  of  development  of  the 
other  reproductive  organs,  and  less  fre(|uently  alone. 

One  or  both  mamma*  may  be  absent.     Absence  of  the  nipple  is  more  common. 
Supernumerary  mammte  and  nipples  have  been  observed  in  a  number  of  cases;  the 

glands  may  all  secrete  milk  during  lactation. 
Too  early  development  of  the  mammae  is  sometimes  found  in  young  children  in 

connection  with  abnormal  development  of  the  organs  of  generation. 

HEMORRHAGE. 

In  young  women  who  suffer  from  amenorrhoea  or  dysmcnorrhoea, 
small  hipmorrhages  sometimes  occur  in  the  mamma^  at  the  time  of  men- 

struation. The  blood  mav  find  its  wav  into  the  milk  ducts  and  exude  in 

small  quantities  at  the  nipple. 
Contusions  of  the  breast  may  produce  extravasations  of  blood  in  the 

mammary  gland  or  the  surrounding  connective  tissue.  This  may 
become  absorbed,  or  may  remain  and  be  surrounded  by  fibrous  tissue  or 
be  converted  into  cvsts. 
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INFLAMMATION.     (Mastitis.) 

During  lactation  tlie  nipple  is  li!il)le  to  become  inflamed,  and  ulcers 
am!  fissure:^  may  form. 

There  is  a  form  of  eczematouH  inflammation  of  the  nipple  and  areola 

FiQ.  MI— Sip 

which  tends  to  ulcerate  and  in  which  carcinoma  may  originate.  This 

is  known  as  Paget 's  disease,  and  was  at  one  time  thought  to  be  due  to  the 
presence  of  coccidia. 

Acute  Exudative  Inflammation  (Mastitis) ,— This  occurs  most  fre- 
(|iiently  during  lactation;  it  also  occur.s  during  pregnancy,  and  occasion- 

ally in  women  who  are  neither  pregnant  nor  nursing. 
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The  process  may  involve  the  subcutaneous  connective  tissue,  the 
gland  itself,  or  the  connective  tissue  between  the  gland  and  the  wall  of 
the  thorax.  The  inflamed  tissues  are  at  first  congested,  swollen,  hard, 
and  painful.  The  inflammation  may  stop  at  this  point  and  resolution 
may  take  place,  but  more  frequently  it  is  succeeded  by  suppuration.  If 
the  inflammation  involves  the  subcutaneous  connective  tissue  the  abscess 

may  be  superficial  and  may  soon  open  through  the  skin.  If  the  gland  be 
involved  one  lobule  after  another  may  become  affected  (Fig.  581),  so  that 

Fla.  683. — C«BC[HOH:t 

;  abace.'ises  are  formed.  If  the  connective  tissue  beneath  the 

gland  be  inflamed  a  deep  abscess  of  large  size  may  be  formed,  which  usu- 
ally perforates  through  the  skin,  but  sometimes  into  the  pleural  cavity. 

In  both  these  latter  forms  of  abscess  there  is  apt  to  be  necrosis  of  large 
portions  of  tissue.  These  abscesses  may  cicatrize,  or  they  may  pass  into 
a  chronic  condition  and  remain  for  a  long  time  as  suppurating,  fistulous 

tracts.  Suppurative  mastitis  is  usually  due  to  the  presence  of  Strepto- 
coccus and  Staphylococcus  pyogenes. 

In  new-born  children  there  is  often  a  painful  swelling  of  the  breasts, 
which  usually  subsides  in  a  few  days,  but  may  go  on  to  suppuration. 

Epidemic  parotitis  is  sometimes  complicated  by  mastitis. 



THE    HEPRODUCTIVB    ORGANS    OF   THE    FEMALE  845 

Chronic  Inflamnutlon  of  the  interstitial  connective  tissue  of  the 

mammary  gland  may  result  in  the  formation  of  dense  connective  tissue 
(Fig.  582),  with  or  without  cystic  dilatation  of  the  milk  ducts  and  atrophy 
of  the  glandular  elements.  Acute  exudative  inflammation  may  occur  in 
a  gland  which  is  the  seat  of  chronic  inflammation,  and  abscesses  may  be 
formed. 

Cystic  Hyperplasia. — About  the  time  of  the  menopause,  when  the 
mammary  gland  undergoes  involution,  the  fibrous  tissue  is  apt  to  increase. 

This  fibrous  hyperplasia  may  be  excessive,  and  is  then  frequently  asso- 

ciated with  a  cystic  dilatation  of  the  smaller  ducts.  The  epithelium  may 
become  atrophied  or  it  may  proliferate,  and  fre(|uentty  forms  papillary 
projections  into  the  dilated  ducts.  This  cystic  hyperplasia  of  the 
mamma,  when  the  epithelial  changes  are  marked,  is  scarcely  to  be  differ- 

entiated from  adenoma,  to  which  indeed  it  probably  frequently  leads.' 
Tuberculous  Inflammation  of  the  mammary  gland  and  its  excretory 

ducts  is  of  occasional  occurrence.  It  may  manifest  itself  in  the  form  of 
miliary  tubercles,  larger  and  smaller  ca.scous  masses  of  new-formed  tissue, 

'  For  u  sdirty  of  this  koion  with  bibliodniphy  see  Grtrnotn/h  aod  Hartirrll,  Jour,  of  Med.  Hea.,  vol. 
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or  colli  i\hscess<'s.'     The  associalion  of  mbprciilcsis  witli  rartim 
the  innmiiia  (Fif;,  Ss;!)  is  rare. 

Syphilitic  Ulcers  may  occur  in  the  nipple  either  aa  primary  chancres  or 
as  mucous  patches.     Guinmy  tumors  have  been  observed  in  the  mamma. 

<  Sre  s  UiliUoimphiir  ^uiam'ir}-  of  mhirriilu^i?  of  the  l>nnst  )iy  Srtul^rr.  Am.  Jour.  Med.  Sci.,  vol. 
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Hypertrophy. — There  may  be  a  general  hypertrophy  of  one  or  l)otli 
breasts.  Tliis  is  usually  found  in  young,  unmarried  women,  but  some- 
tinirs  in  women  in  iidvaneed  life.  The  glands  may  be  symmetrically 

and  excessively  enlarged  (Fig.  .'iS4).  There  is  an  increase  in  both  the 
glandular  and  the  connective-tissue  elements  of  the  organ'  (Figs.  SS5 
ami  5sii]. 

Fibroma. — Circumscribed  tumors  composed  of  connective  tissue  are 
soiiietiuK's  found  in  the  breast.  They  are  dense  and  hard,  and  may 
enclose  some  of  the  gland  ducts  and  acini. 

Iiili-'w/nmlicuUir  Fibrunui.— These  tumors  are  formed  by  a  diffuse 
growth  of  connective  tissue,  and  a  growth  of  polypoid  fibrous  tumors 
from  the  walls  of  the  milk  ducts  into  their  cavities  leading  to  dilatation. 

le  bnast  see  KircJihrim,  A 

M.Wbl. 



848  THE  REPRODUCTIVE  ORGANS  OF  THE  FEMALE 

The  glandular  acini  may  be  atrophied,  or  enlarged,  or  cyatic.  A  section 
of  such  a  tumor  looks  like  a  solid  mass  of  fibrous  tissue,  divided  by  clefts 
and  fissures  lined  with  cylindrical  or  cuboidal  epithelium  (Fig.  587),  or 
fibrous  tissue  containing  cysts  into  which  project  polypoid  fibrous  out- 

growths from  the  walls.  Sometimes  the  new-formed  fibrous  growths 
into  the  dilated  ducts  are  adenomatous  in  character,  containing  many 
new-formed  irregular  acini  (Fig.  588).  Such  tumors  may  be  called  infro- 
canicidar  fibro-adenomata.  These  tumors  grow  slowly,  but  if  left  to 
themselves  may  reach  an  enormous  size.  The  skin  over  them  may  ulcer- 

ate and  the  tumor  project  through  the  opening  in  fungous  masses.  They 
may  be  associated  with  interstitial  fibrous  hyperplasia  of  the  gland. 

Pericanalicular  Fibroma. — Sometimes  the  new  connective  tissue  forms 
a  more  or  less  thick  cylindrical  investment  of  the  duct  without  growing 

Showing  Dfw-fomioil  glnnd  Bi-lni  in  the  fihrous-tbisue  maiu  growing  into  a  duct. 

into  its  lumen.  This  formation,  which  is  shown  in  Fig.  589,  is  some- 
times called  pericanalicular  fibroma. 

Myxoma. — This  may  be  a  circunjscribcd  growth  replacing  part  of 
the  mamma,  or  it  may  form  in  the  same  way  as  the  intraeanalicular  fibro- 

mata. It  la  not  uncommon  in  these  tntracanalicidar  tumors  to  find  a 
combination  of  fibrous,  mucous,  and  sarcomatous  tissue  in  the  same 
tumor. 

Osteoma  and  Chondroma  are  rare  forms  of  tumor  in  the  mamma. 

A  few  caaes  have  been  described  in  which  they  were  combined  with  car- 
cinoma or  with  sarcoma.     Osteochondroma  is  described.' 

Lipoma,  myoma,  and  angioma  are  described. 

'  For  n  iilutiv  c.f  the  i-nrlilsginous  und  bony  tumors  of  the  bn>iu>t  see  $1,  Arnold,  Virch.  Arch..  Bd. 
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Adenoma. — Tumors  composed  of  glandular  acini  and  ducts  surrounded 
by  connective  tissue  are  of  frequent  occurrence  in  the  mamma  (Fig. 

,e  itland  chflrafWr. 

590).     They  are  either  single  or  multiple,  or  several  may  be  developed 
Buccensiveiy  in  the  same  breast.     They  grow,  as  a  rule,  at  first  slowly, 
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afterward  more  rapidly.  Their  structure  may  be  further  complicated 
by  the  dilatation  of  one  or  more  of  the  ducts  which  compose  the  tumor 
into  cysts,  and  the  ingrowth  of  connective  tissue  from  the  walls  of  these 

cysts.  This  growth  is  often  in  papillary  form — papillary  cysladenoma — 
(Fig.  591).  A  case  of  cystic  adenoma  with  ciliated  epithelium  has  been 

described.' 
While  preserving  the  gland  type  the  adenomata  present  great  varia- 

tion in  the  form  and  grouping  of  the  epithelial  cells  of  the  ducts  and  acini. 
80  that  here  as  elsewhere  various  intermediate  forms  may  be  found  be- 

tween adenoma  and  carcinoma.'  The  new-formed  glandular  epithelium 
often  presents  two  types,  one  in  which  the  cells  are  fairly  distinct  and 
cuboidal  or  cylindrical  (Fig.  592),  and  the  other  in  which  the  cells  pro- 

ject into  the  lumina  in  irregular  mas.ses  (Fig,  593). 

Sarcoma.- — These  tumors  may  develop  in  a  nodular  or  diffu.se  form 
and  may  largely  replace  the  gland,  or  may  form  intracanalicular  growths. 

They  may  be  of  the  round  or  spindle-cell  type;  they  often  become  very 

large,  ami  ulcerate.     Metastasis  in  the  axillary  lymph-nodes  is  usual.* 
Primary  Carcinoma  of  the  mamma  is  most  common  in  women  be- 

tween the  ages  of  thirty-five  and  fifty-five,  but  it  sometimes  occurs  in 
women  not  over  twenty,  and  sometimes  in  old  persons.  It  occurs  in 
either  l>rea.st,  in  the  right  rather  more  frequently  than  in  the  left,  but 
sometimes  in  both.  The  growth  begins  more  frei|uen11y  at  the  periphery 
of  the  gland  than  at  its  centre,  and  more  frequently  in  the  upper  edge  of 
the  gland  than  in  any  other  place. 

The  growth  most  frec]uently  begins  as  a  small,  circumscribed  nodule, 

>  Buday.  Virehow'ii  Arch.,  Bci.  clvL.  p.  mm,  1«99. 
'  ,S*e  Cj'stic  hyjwrplattia.  p.  04,1. 
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which  enlarges  and  involves  more  and  more  of  the  breast;  sometimes, 
however,  it  is  diffuse  from  the  first,  and  sometimes  it  begins  in  the  nipple. 

It  may  infiltrate  the  adjacent  tissues  and  the  axillary  and  cervical 

glands,  and  form  metastatic  tumors  in  different  parts  of  the  body.' 
The  local  extension  of  carcinoma  often  takes  place  through  the  lymph- 

vessels  which  pass  along  the  fibrous  trabeculfe  of  the  periglandular  fat; 

Type  of  acini  lined  with  duct  epithelium. 

SO  tliat  bands  of  fibrous  tissue  harboring  tumor  cells,  with  their  active 
capacity  for  growth,  may  extend  far  from  the  central  mass  (Fig.  594). 
Fibrous  bands  of  such  significance  are,  in  the  early  stages  of  extension, 
not  to  be  differentiated  from  the  normal,  either  by  the  touch  or  by  the 
eye.  Even  with  the  microscrope  it  is  often  impossible  to  determine 

whether  small  spheroidal  or  polyhedral  cells  which  are  not  character- 
istically grouped  in  these  fibrous  bands  are  epithelial  in  character  or  not. 

It  i.s  sucli  cells,  frcejuently  loft  behind  in  other  than  thorough  operations, 
which  give  rise  to  local  recurrence. 

The  nictlullttry  and  Jibrous  types  are  most  common;  the  gelatinous  is 
rare.  In  any  of  those  forms  of  cancer  there  may  be  cystic  dilatations  of 
the  ducts  and  acini.  Epithelioma  may  form  at  the  nipple.  Secondary 
carcinoma  of  the  mamma  is  rare.  Retraction  of  the  nipple  is 
later  stages  of  fibrous  types  of  mammary  cancer  (see  Fig.  5!14). 
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Cysts  of  the  mamma  seem  to  be  for  the  most  part  retention  cysts, 

formed  by  the  dilatation  of  the  gland  ducts  or  acini.  During  lacta- 
tion such  retention  cysts  are  sometimes  formed,  and  then  contain  milk. 

They  may  reach  an  enormous  size.  At  other  times  retention  cysts  are 
formed  containing  serous  or  viscid,  brownish  fluid,  which  often  exudes 

Fio.  5B4,-C*BriNoi.*  or  t ■HE    M*ll«A-FlflBOUS   TIPK-SCIRKHUB. 
The  nipple  b  rEtmrtol  by  (he  «hri inkwre  o(  the  fihroua  tiHiie.     The  urowth  b  exleodim  skHH 
(ihraus  b>ndx  of  Uie  mammnry  fat  g .Dcl  uc  the  left  hu  reached  the  pUne  of  nc»ixm.     The  dai^c 

through  the  nipple.  These  cysts  may  be  large  or  small,  single  or  multi- 
ple. There  are  usually  at  the  same  time  some  growth  and  induration  of 

the  connective  tissue  of  the  gland.  In  some  cases  there  are  polypoid 
outgrowths  of  connective  tissue  from  the  wall  of  the  cyst.  These  cysts 
are  not  to  be  confounded  with  the  cysts  which  are  developed  with  the 
intracanalicular  tumors,  described  above. 



CHAPTER  XI. 

REPRODUCTIVE  ORGANS  OF  THE  MALE. 

The  Penis. 

Malformations. 

The  penis  may  be  absent  with  great  defects  of  development  of  the  rest  of  the  body. 
The  urethra  then  usually  opens  into  the  rectum. 

An  abnormally  small  penis  may  be  associated  with  absence  or  arrested  develop- 
ment of  the  testicles.     The  prepuce  may  be  rudimentary  or  absent. 

Congenital  phimosis  is  not  uncommon. 
Hypospadias  is  an  arrest  of  development  of  the  penis  and  scrotum.  In  its  high- 
est degree  the  penis  is  short,  the  glans  penis  small.  On  the  lower  side  of  the  penis  is  a 

deep  cleft  lined  with  mucous  membrane.  Into  this  cleft  the  urethra  opens  at  the  root 
of  the  penis.  The  scrotum  remains  separated  into  two  halves,  resembling  labia 
majora.  The  testes  may  descend  into  their  proper  position  on  each  side  or  remain  in 
the  abdomen.  If  the  testicles  continue  to  develop  normally  the  individual  has  the 
appearance  and  capacities  of  a  man;  if  their  development  is  arrested  the  individual 
is  apt  to  be  of  feminine  type. 

In  lesser  grades  of  hypospadias  the  two  halves  of  the  scrotum  are  joined  and  the 
penis  is  larger,  but  a  part  of  the  urethra  remains  open  as  a  cleft  at  some  point  of  the 

penis. 
Epispadias  is  an  opening  of  the  urethra  on  the  upper  side  of  the  penis.  It  pre- 

sents various  grades  and  forms. 
Hermaphroditism. — This  is  a  union  of  two  sexes  in  the  same  person,  the  test  of 

which  is  the  presence  of  the  secreting  organs,  the  ovaries  and  testicles.  True  her- 
maphroditism is  rare,  but  it  does  occur,  while  most  of  the  conditions  called  her- 

maphroditism are  in  reality  due  to  varying  malformations  of  the  external  generative 
organs. 

Pseudo-hermaphroditism. — In  the  male,  normally,  the  greater  part  of  M Oiler's 
canal  disappears  and  its  lower  end  forms  the  vesicula  prostatica.  In  this  malforma- 

tion Miiller's  canal  is  changed,  as  it  is  in  the  female,  into  Fallopian  tubes,  uterus,  and 
vagina,  while  at  the  same  times  the  testes,  epididymides,  vesicute  seminales,  and 
spermatic  cord  are  formed  as  usual.  In  the  lesser  degrees  of  this  malformation  we 

find,  in  the  place  of  the  vesicula  prostatica,  a  pear-shaped  sac  as  large  as  a  pigeon's  egg, 
with  muscular  walls  and  an  epithelial  lining.  This  sac  may  be  incompletely  divided 
into  a  uterus  and  vagina,  and  it  opens  into  the  urethra.  In  the  higher  grades  we  find 
a  well-formed  vagina  and  uterus.  The  uterus  may  or  may  not  have  Fallopian  tubes. 
The  testicles  are  usually  retained  in  the  abdomen  or  inguinal  canals,  and  are  small. 
The  spermatic  ducts  run  on  the  sides  of  the  uterus  and  open  into  the  urethra  or  are 
closed.  The  penis  and  scrotum  appear  as  in  hypospadias,  or  are  well  formed.  The 
appearance  of  the  individual  varies  with  the  development  of  the  testicles. 

True  hermaphroditism  may  be  lateral.  In  this  condition  there  is  hypospadias;  a 
vagina  and  uterus  and  a  Fallopian  tube  and  ovary  are  on  one  side,  and  a  testicle  and 
spermatic  cord  on  the  other. 

In  certain  cases,  which  may  be  called  bilateral  hermaphroditism ^  there  is  a  testicle 

on  one  side  and  an  ovary  on  the  other.  ̂  
Enlargemnet  op  the  penis  is  sometimes  caused  by  venous  congestion  from 
^  For  a  detailed  consideration  of  the  malfonnationa  of  the  male  and  female  generative  organs 

consult  Klebs,  "Handbuch  der  pathologischen  Anatomic,"  and  more  recent  cases  of  hermaphroditism 
by  Heppner,  Arch.  f.  Anat.  u.  Physiol.,  1870,  and  by  Hofmann,  Wien.  med.  Jahrb.,  1877. 
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heart  disease;  by  long-continued  masturbation,  as  a  result  of  which  the  corpus  caver- 
nosum  may  lose  its  contractility;  and  in  rare  cases  by  hyperplasia  of  the  stroma  of  the 
corpus  cavernosum. 

INJURY  AND  HiEMORRHAGE. 

Injuries  to  the  penis  are  liable  to  give  rise  to  severe  haemorrhage  on 
account  of  its  peculiar  vascular  character;  suppurative  inflammation, 
gangrene,  infiltration  with  urine  and  its  consequences,  are  also  liable  to 
occur.  The  contractions  of  the  cicatricial  tissue  by  which  wounds  are 
healed  frequently  give  rise  to  various  distortions  of  the  organ. 

INFLAMMATION. 

Balanitis — inflammation  of  the  glans  penis  and  the  prepuce — is 
usually  due  to  gonococcal  or  syphilitic  infection,  or  it  may  be  incited  by 
foul  accumulations  of  smegma.  The  parts  are  red  and  swollen  and  may 
ulcerate.  Condylomata  may  be  formed,  and  adhesions  between  the  pre- 

puce and  glans.  The  glans  may  ulcerate  and  the  prepuce  may  be  much 
thickened.  If  the  prepuce  be  long,  phimosis  may  occur  with  the  accumu- 

lation of  exudate  beneath.     The  prepuce  may  become  gangrenous. 
Paraphimosis  is  produced  by  the  retraction  of  a  narrow  prepuce  be- 

hind the  glans,  with  consequent  stricture,  inflammation,  and  sometimes 

gangrene. 
Inflammatioii  of  the  Corpora  Cavernosa  may  be  the  result  of  injur}^ 

may  follow  fistulse,  may  occur  in  connection  with  inflammation  of  the 
connective  tissue  of  the  penis,  and  may  accompany  the  acute  infectious 
diseases.  It  may  result  in  fibrous  induration  of  portions  of  the  corpora 

cavernosa;  rarely  in  abscess  or  difi'use  purulent  infiltration;  sometimes 
in  gangrene.  Larger  and  smaller  masses  or  plates  of  very  dense  fibrous 
tissue  sometimes  form  in  the  sheath  of  the  corpora  cavernosa  without 

history  of  antecedent  lesion.^ 
Tuberculous  Inflammation  of  the  penis  has  repeatedly  followed  cir- 

cumcision performed  by  uncleanly  tuberculous  persons. 
Syphilitic  Ulcers  frequently  occur  in  the  glans  penis  and  prepuce. 

The  indurated  chancre  is  formed  either  from  an  excoriation  in  which 

a  pustule  is  formed  or  from  a  little  nodule.  The  pustule  breaks  and 
its  walls  are  infiltrated  with  small  round  cells.  The  nodule  softens, 
breaks  down,  and  forms  an  ulcer  whose  walls  are  infiltrated  with  cells. 
Syphilitic  condylomata  are  of  frequent  occurrence  on  the  glans. 

Herpes  of  the  prepuce  occurs  in  the  form  of  small  vesicles,  which  may 
later  become  ulcers.  Erysipelatous  and  furuncular  inflammation  some- 

times involves  the  skin  of  the  penis. 

TUMORS. 

Papilloma  is  found  on  the  prepuce  and  glans  penis.  It  occurs  in  the 

form  of  little  w^arty  growths,  or  of  composite,  cauliflower  masses,  even 
as  large  as  a  fist.     In  either  case  the  structure  is  the  same — hypertro- 

^  For  a  study  with  bibliography  of  indurations  in  the  corpora  cavernosa  penis  see  Sachst  Wiener 
klin.  Wochenschr.,  Jan.  31st,  1901. 
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phied  papillae  covered  with  epithelium.  Sometimes  the  epithelial  layers 
become  thick  and  horny,  forming  large,  dense  projections. 

Fibroma  diffusum,  or  elephantiasis  of  the  prepuce,  may  occur,  leading 
to  great  thickening.  It  is  due  to  a  diffuse  growth  of  fibrous  tissue  in  the 
cutis.  Lipoma,  angioma,  circiunscribed  fibroma,  and  sebaceous  cysts  may 
occur  in  the  penis.  Carcinoma  is  usually  of  the  epitheliomatous  type. 
It  is  most  frequent  in  the  prepuce  and  glans  penis.  It  may  have  the  form 
of  a  flat  ulcer,  or  of  infiltrating,  ulcerating  nodules,  or  it  may  be  papil- 

lary. Such  growths  may  attain  great  size,  ulcerate,  or  undergo  a  variety 
of  inflammatory  changes.  Carcinoma  may  involve  the  entire  skin  of  the 
penis  or  may  invade  deeper  parts.  The  inguinal  glands  may  be  involved. 
Distant  metastases  are  not  frequent.  Medullary  or  glandular  carcinoma 
of  the  penis  is  not  common.  It  may  be  secondary  to  carcinoma  in  some 
other  part  of  the  body. 

Sarcoma  is  described. 

Dermoid  tumors  of  the  penis  are  of  occasional  occurrence.^ 
Calcification  and  ossification  of  the  connective  tissue  of  the  corpora 

cavernosa  sometimes  occur.  Large  and  small  preputial  calculi  are  occa- 
sionally found  between  the  prepuce  and  the  glans.  These  may  be  formed 

in  situ,  may  come  from  the  bladder  or  from  without,  and  may  later 
increase  in  size. 

The  Scrotum. 

The  skin  of  the  scrotum  is  subject  to  the  various  forms  of  lesions 
which  may  occur  in  any  part  of  the  integument. 

Elephantiasis  of  the  scrotum  consists  in  the  main  of  a  development  of 
new  connective  tissue  in  the  cutis,  which  is  sometimes  accompanied  by 
dilatation  of  the  lymph- vessels;  thus  the  thickened  scrotum  may  form  a 
large  tumor,  often  rough  upon  the  surface,  which  may  entirely  cover  in 
the  penis. 

TUMORS. 

Lipoma  and  fibroma  occur.  Epitheliomata,  in  the  form  of  flat  or 
papillary  ulcerating  tumors,  are  of  frequent  occurrence  among  chimney 
sweepers,  and  may  lead  to  extensive  ulcerations  of  the  adjacent  parts  and 
involvement  of  neighboring  lymph-nodes. 

Dermoid  Cysts  and  Teratomata  of  the  scrotum  are  not  uncommon.  In 
very  rare  cases  tumors  containing  a  considerable  portion  of  a  foetal  skele- 

ton have  been  found  in  the  scrotum.  Occasionally  the  skin  of  the  scro- 
tum is  beset  with  numerous  larger  and  smaller  sebaceous  cysts,  which 

raise  the  surface  into  little  globular  or  wart-like  projections. 

The  Testicles. 

Malformations. 

Absence  of  both  testicles,  either  with  or  without  absence  of  the  epididymides, 
spermatic  cords,  and  vesiculse  seminales,  occurs  in  rare  cases.     The  scrotum  is  only 

»  Gerulanoa,  Deut.  Zeita.  f.  Chir.,  Bd.  Iv.,  p.  326,  1900. 
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indicated  or  m&y  contain  the  epididymides.     The  |>enis  is  email,  and  the  individuals 
are  small  and  poorly  develo|>ed. 

The  testes  may  be  imperfectly  developed.  The  individuals  are  effeminate. 
Absence  of  one  testicle  with  healthy  development  of  the  other,  is  more  frequent. 
The  corresponding  epididymis  and  cord  may  l>e  absent  or  present. 

The  spermatic  cords  and  venicuke  seminales  may  be  absent  or  imperfectly  devel- 
oped on  one  or  both  sides,  while  the  testes  are  normal. 

CttYPTORCHWMUB. — Either  one  or  both  testicles  may  remain  permanently  in  their 
ftrtal  position,  or  may  not  descend  into  the  scrotum  for  several  years  after  birth 
(cryptorchismuK),  or  not  at  all.  This  condition  may  be  due  to  an  arrest  of  develop- 

ment in  the  testes  or  the  gubernaculum  testis;  adhesions  produced  by  antenatal  perit- 
onitis; narrowing  of  the  iuKuinal  canal;  nar- 

rowing or  shortening  of  the  vaginal  process 
of  the  peritoneum;  or  to  abnormal  size  or 

position  of  the  testicle.  Usually  the  mal- 
formation is  confined  to  one  testicle,  and 

then  is  more  frecjuent  on  the  left  side.  The 
testicle  is  usually  found  in  the  abdomen  close 
to  the  mouth  of  the  in^^uinal  canal,  or  in  the 
inguinal  canal  just  below  the  external  ring; 

but  it  may  be  beneath  the  skin  in  the  peri- 
neum, or  in  the  crural  canal  with  the  femoral 

vessels,  or  elsewhere.  The  retained  testis  is 
usually  not  fully  developed,  or  undergoes 
fatty  degeneration  or  fibrous  hyperplasia. 
The  retention  of  one  or  even  of  both  testicles 

does  not  preclude  the  possibility  of  procrea- 
tion. Retained  testicles  are  prone  to  inflam- 

matory changes  and  liable  to  become  the 
seat  of  malignant  tumors. 

Sometimes,  while  the  testis  is  retained,  the 

epididymis  and  spermatic  cord  descend  into 
the  scrotum.  In  rare  cases  the  position  of 

the  te.'^tis  may  be  changed  so  that  the  epi- 
didymis and  cord  are  in  front.  The  occur- 

rence of  sujiernumcrary  testicles  is  described. 

Varicocele. 

In  varicocele  the  veins  of  the  spermatic 
cord  are  dilated,  often  forming  tortuous 
masses  of  considerable  size  (Fig.  595). 

Hydrocele. 
In  kydrocfle  of  the  tunicn  va^nalU  there 

is  an  accumulation  of  fluid  in  the  cavity  of 

Pio.  595.— Varicijceix.  'he  sac.     It  is  usually  unilateral  and  is  com- 

ThB  dislend^  Md  tortuoiB  vBBetB  have         monly  associated  with  acute  or  chronic   in- 
been  filled  with  wax.  flammation    of    the   tunica   vaginalis,    vari- 

cocele,   or   general   dropsy.      The   serum   ia 

present  in  smalt  or  in  large  quantity:  it  is  usually  transparent,  may  contain  chole»- 
terin,  or  be  purulent  or  mixed  with  blood.     The  tunica  vaginalis  remains  unchanged, 
or  is  thickened,  or  contains  plates  of  bone,  or  is  covered  with  polypoid  fibrous  bodies 
which  may  fall  off  and  be  found  free  in  the  cavity  of  the  sac.     There  may  be  adhesions 
between  the  layers  of  the  tunica  vaginalis,  and  in  this  way  the  fluid  becomes  sacculated. 
The  testis  is  pushed  downward  and  backward;  it  remains  unchanged  or  is  atrophied. 

In  hydrocele  of  the  processus  vaginnlis  there  is  an  accumulation  of  serum  in  the 
cavity  of  the  vaginal  process  of  the  peritoneum,  which  remains  o|>en  after  the  descent 
of  the  testicle.     There  are  several  varieties.  . 
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(a)  The  vaginal  process  is  entirely  open  and  there  is  a  free  communication  with 
the  peritoneal  cavity.  The  serum  may  originate  in  the  cavity  of  the  peritoneum  or 
of  the  vagina]  process,  and  passes  freely  from  one  to  the  other. 

(6)  The  processus  vaginalis  is  closed  in  the  inguinal  canal,  while  its  lower  portion 
is  filled  with  serum. 

(c)  The  processus  vaginalis  is  closed  about  the  testis  and  the  visceral  layer  of  the 
tunica  vaginalis  is  formed.  The  serum  accumulates  in  the  upper  part  of  the  vaginal 
process  which  communicates  with  the  peritoneal  cavity. 

(d)  The  vaginal  process  is  closed  in  the  inguinal  canal  and  over  the  testis;  the 
serum  accumulates  so  as  to  form  one  or  more  sacs  between  these  two  points.  Inguinal 
hernia  may  comphcate  this  form  of  hydrocele. 

In  hydrocele  of  the  spermatic  cord  there  is  general  oedema  or  the  development  of 
circumscribed  cysts  in  the  connective  tissue  of  the  cord. 

A  peculiar  type  of  hydrocele  is  formed  by  the  accumulation  of  serum  in  the  sac  of 
an  inguinal  hernia  from  which  the  intestine  has  become  retracted. 

Hsematocele. 

In  hematocele  of  the  tunica  vaginalis  there  is  an  effusion  of  blood  into  the  cavity 
of  this  sac.  It  may  occur  in  injury;  in  scurvy,  or  with  the  haemorrhagic  diathesis;  or 
it  may  complicate  a  pre-existing  hydrocele.  The  effused  blood  usually  soon  degen- 

erates, and  the  sac  is  filled  with  a  brownish  fluid  or  a  thick,  grumous  mass.  The 
tunica  vaginalis  may  be  thickened.     The  testis  remains  normal  or  is  atrophied. 

Effusion  of  blood  into  the  loose  connective  tissue  of  the  scrotum  is  often  called 
extravaginal  hcematocele. 

Hsematocele  of  the  spermatic  cord  occurs  in  rare  cases  as  a  diffuse  infiltration  of 
blood  in  the  connective  tissue  of  the  cord.  Or  blood  may  be  effused  into  a  hydrocele  of 
the  cord. 

Spermatocele. 

Cysts  containing  spermatic  fluid  not  infrequently  arise  from  the  epididymis  or 
from  the  rete  testis.  These  sometimes  acquire  a  large  size  and  crowd  the  tunica  vag- 

inalis before  them,  so  that  they  simulate  a  collection  of  fluid  in  the  cavity  of  the  latter. 
The  wall  of  the  cyst  may  be  Hned  with  ciliated  or  with  flattened  epithelium.  The 
contents  are  sometimes  simply  serous,  but  more  frequently  opalescent,  and  may  con- 

tain spermatozoa. 

ATROPHY. 

Atrophy  of  the  testicle  may  occur  in  old  age  or  in  persons  who  are  in 
a  condition  of  premature  senility;  or  as  the  result  of  injury  or  of  pressure 
from  hernise,  hydrocele,  or  inflammatory  products.  Fatty  degeneration 
and  the  accumulation  of  various  degeneration  products  in  the  lumen  of 
the  tubules  may  accompany  atrophy. 

INFLAMMATION.     (Orchitis.) 

Inflammation  of  the  testicles  may  follow  injuries,  exposure  to  cold, 
and  inflammation  of  the  urethra;  it  may  occur  in  parotitis  or  with 
syphilis  and  various  other  infectious  diseases.  The  testes,  epididymis, 
or  tunica  albuginea  may  be  principally  involved.  Usually  only  one 
testicle  is  inflamed,  sometimes  both.  The  inflammation  may  extend  to 
the  vas  deferens. 

Acute  Exudative  Orchitis  is  most  frequent  in  the  epididymis  and  tunica 
albuginea.  When  the  testis  is  involved  the  organ  is  congested  and  infil- 

trated with  serum  or  pus.  From  this  condition  it  may  return  to  the 
normal  state;  or  small  abscesses  may  form  which  may  be  absorbed,  or 
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increase  in  size  so  as  to  involve  nearly  the  entire  organ.  They  may 
perforate  externally,  and  then  healing  may  occur  by  means  of  granula- 

tion tissue;  or  extensive  gangrenous  destruction  of  the  scrotum  may 
occur.  Abscesses  may  bpcome  enclosed  in  a  fibrous  capsule,  when  the 
contents  may  dry  and  become  caseous  or  calcified,  and  so  persist  for  a 
long  time.     The  acute  inflammation  may  become  chronic. 

Acute  epididymitis  is  frequently  the  result  of  gonorrhceal  infection, 
and  may  or  may  not  be  associated  with  inflammation  of  the  testis.  The 
products  of  inflammation  may  collect  in  varying  quantity  in  the  lumina 
of  the  seminiferous  tubules  and  in  the  ducts  of  the  epididymis,  and  the 
epithelium  of  these  structures  may  degenerate. 

Chronic  Orchitis  occurs  as  a  se(|uel  of  acute  inflammation  or  as  an 
independent  process.     It  may  involve  the  testis,  the  epididymis,  or  the 

spermatic  cord.  The  seminiferous  tubules  may  be  filled  with  desqua- 
mated and  degenerated  epithelium;  they  may  be  atrophied,  or  their  walls 

may  be  greatly  thickened  so  that  they  are  converted  into  dense  fibrous 
cords,  with  partial  or  complete  obliteration  of  their  lumina.  There  is 
usually  a  marked  increase  in  the  interstitial  tissue,  which  causes  atrophy 
of  the  tubules  (Fig.  59C).  The  albuginea  may  be  greatly  thickened.  In 
some  cases  the  testis  is  converted  into  a  mass  of  dense  fibrous  tissue,  in 
which  but  little  trace  of  the  original  structure  can  be  made  out.  The 

new-formed  fibrous  tissue  may  become  calcified.  A  periorchitis  may 
lead  to  thickenng  and  union  of  the  layers  of  the  tunica  vaginalis  testis. 
Abscesses  are  not  infrequent  in  connection  with  chronic  orchitis. 

Tuberculous  Orchitis  may  occur  in  connection  with  tuberculosis  of  the 

other  genito-urinary  organs  or  the  lungs,  in  acute  general  miliary  tuber- 
culosis, or  independently.  It  usually  originates  in  the  epididymis,  and 

may  extend  from  there  to  the  testis;  or  it  may  commence  in  the  testis. 
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The  appearance  which  the  testicles  present,  when  they  are  the  seat  of 
this  form  of  inflammation,  are  exceedingly  varied  and  often  difficult  of 
interpretation.  This  is  partly  due  to  the  complex  structure  of  the  organ, 
partly  to  the  varied  compUcating  simple  inflammatory  changes  which 
the  different  parts  of  the  organ  undergo  in  connection  with  the  tuber- 

culous lesion. 

We  may  find  in  the  testicle  small  circumscribed  masses  of  cells,  visi- 
ble to  the  naked  eye  as  whitish  spots,  which  are  sometimes  composed  of 

small  spheroidal  cells  or  of  larger  polyhedral  or  fusiform  or  round  cells. 
These  occur  in  the  walls  of  seminiferous  tubules  and  blood-vessels,  and 
in  the  interstitial  tissue.  Sometimes  associated  with  these  smaller  nod- 

ules, and  sometimes  not,  we  find  larger,  irregular,  yellowish  or  gray 
cheesy  masses,  which  may  be  formed  by  the  confluence  and  degeneration 

of  the  smaller  nodules  {Fig.  597).  The  cheesy  masses  may  break  down 

and  open  externally,  giving  rise  to  fistula",  gangrenous  inflammation,  etc. 
Hand-in-hand  with  this  distinctly  tuberculous  nodular  formation  of 

tissue,  which  is  disposed  to  degenerative  changes,  there  are  various  more 
or  less  diffuse  alterations  of  the  parenchyma  and  interstitial  tissue  of 
the  organ  which  often  constitute  a  most  prominent  feature  of  the  lesion. 
The  interstitial  tissue  may  be  more  or  less  densely  and  diffusely  infil- 

trated with  small  spheroidal  cells.  The  arteries  are  often  the  seat  of 
obliterating  endarteritis.  The  walls  of  theseminiferous  tubules  may  be 
very  much  thickened,  so  that  the  lumen  may  be  entirely  obliterated. 
The  epithelium  lining  the  tubules  may  be  fatty,  disintegrated,  and  peeled 
off,  or  it  may  have  largely  disappeared.  The  lumen  of  the  tubules  may 
be  filled  with  a  granular,  nucleated  mass  which  in  transverse  sections 

looks  like  a  giant  cell.     The  thickened  walls  of  the  tubules  may  be  infil- 
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trated  with  sniall  spheroitlal  cells,  so  that  the  underlying  stroma  is 

scarcely  visible.  When  this  occurs  in  connection  with  a  similar  infiltra- 
tion of  the  interstitial  tissue  and  the  formation  of  giant  cells  in  the  lumina, 

we  have  structures  which  present  the  greatest  resemblance  to  some  forms 
of  tubercle  granula  (Fig.  6!)S). 

Tuberculous  inflammation  may  extend  from  the  testis  to  the  vaa 
deferens,  vesiculiE  tteminales,  and  prostate. 

SjrphlUtic  Orchitis. — This  may  occur  in  the  form  of  a  diffuse  new  for- 
mation of  connective  tissue,  which  may  be  localized  or  be  widely  dis- 

Tia.  59«.— Chbonic  Oi 

a.  Thickeoed  bitei 
tubule;  rJ.  xnoflH  of  Aeparafnl  e| 

tributed.  This  organ  becomes  dense  and  firm.  Morphologically  there 
is  no  difference  between  this  form  of  orchitis  and  chronic  indurative 

orchitis  from  other  excitants.  It  may  occur  in  children  affected  with 
congenital  syphilis.  Gummata  may  form  in  connection  with  the 
interstitial  induration.  These  may  disappear,  leaving  irregular  cicatrices. 

In  leprosy,  inflammatory  foci  in  the  tetticle  are  common.' 

TUMORS. 

Fibromata  occur  in  the  form  of  small  dendritic  or  polypoid  growths  of 
the  visceral  layer  of  the  tunica  vaginalis.  These  sometimes  become  free 
and  are  found  in  the  sac,  usually  in  connection  with  hydrocele.  Small 

nodular  fibromata  occasionally  occur  in  the  albuginea  and  in  the  sper- 
matic cord. 

Lipoma,  either  pure  or  in  combination  with  myxoma  and  sarcoma, 
may  arise  from  the  connective  tissue  of  the  spermatic  cord  or  from  the 
tunica  albuginea. 

Chondroma,  sometimes  in  a  pure  form,  but  more  frequently  combined 
with  myxoma  and  sarcoma,  occurs  in  the  testicles  and  may  attain  a  large 
size.     Osteoma  has  been  described. 

1  For  a  Buminnrj-  of  orchitia,  consult  SMkau.  Arch.  gfn.  cie  mod.,  t.  i.,  pp.  836.  757,  1S99,  bibL 



REPRODUCTIVE    ORGANS    OF   THE    MALB  8G1 

Sarcomata  occur  in  the  testes  and  epiditlyniis,  most  frequently  in  the 
former.  They  may  be  composed  of  spheroidal  or  spindle-shaped  cells; 
they  may  be  soft  or  contain  much  fibrous  tissue;  they  are  very  frequently 
combined  with  myxoma,  chondroma,  lipoma,  etc.  Owing  to  the  occlu- 

sion of  the  seminiferous  tubules,  cysts  may  be  formed  in  these  sarcomata. 
In  such  cysts  sarcomatous  tissue  may  occur  in  the  form  of  intracanalicular 

polypoid  ftrowths.  Thus  the  so-called  cystosarcomata  of  the  testicle 
are  formed.  The  walls  of  these  cysts  may  coalesce,  so  that  large, 
irregular  cavities  may  be  formed.  When  the  cysts  are  not  filled  by 
polypoid  outgrowths  from  their  walls  they  may  contain  a  mucous,  serous, 
or  bloody  fluid,  or  masses  of  flattened  cells,  fat,  and  cholesterin.  The 

oj'sts  may  be  lined  with  cylindrical,  ciliated,  or  flattened  cells. 

F[o.  see.— Rbabdoutoua  or  rac  TExtiru. 

Rhabdomyoma  has  been  several  times  observed,  frequently  in  com- 
bination with  cysts.' 

Hyoma  and  angioma  are  described. 
Adenoma  is  occasionally  found,  usually  in  combination  with  sarcoma 

or  carcinoma,  or  with  cyst  formation. 
Carcinoma  of  the  testicle  is  commonly  of  the  soft  medullary  form,  of 

rapid  growth,  and  usually  primary.  It  may  commence  in  the  testis  or 
epididymis.  Usually  only  one  testicle  is  involved.  Frequently  the 
entire  glandular  portion  of  the  organs  is  replaced  by  the  new  growth. 
The  albuginea  expands  with  the  growth  of  the  tumor,  and  may  continue 
to  enclose  it  even  when  of  large  size.  The  tissues  are  often  very  vascular, 
and  haemorrhages,  areas  of  softening,  fatty  and  mucous  tlegeneration  are 

frequent.  The  inguinal  and  lumbar  lymph-nodes  are  apt  to  become 
involved,  and  distant  metastasis  maj'  occur.  Rarely  the  growth  assumes 
a  scirrhous  form. 
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Cysts. — Aside  from  the  above-mentioned  cysts,  which  occur  in  con- 
nection with  tumors  and  spermatocele,  cysts  may  be  formed  from  per- 

sistent remnants  of  Miiller's  canal  in  the  epididymis,  or  from  obstruction 
of  the  seminiferous  tubules  or  ducts  by  inflammatory  products  or  tissue. 

Teratomata  of  various  kinds,  with  or  without  cysts,  are  of  infrequent 
occurrence,  and  are  sometimes  quite  complex  in  character  (Fig.  600). 

They  may  be  embedded  in  the  substance  of  the  gland. ^  Probably  some 
of  the  above-mentioned  cystic  rhabdomyomata  belong  here. 

Chorionepithelioma. — Several  cases  of  chorionepitheliomata  of  the 
testicle  have  been  described.  These  tumors  (Fig.  601)  resemble  those 
occurring  in  the  uterus  and  elsewhere  (see  p.  820),  the  various  forms  of 

cells,  syncytium,  Langhans '  cells,  and  wandering  chorionic  forms,  being 
in  some  instances  typical  in  character.  They  are  malignant  and  form 

metastases.     They  are  associated  with  teratomata.^ 

PARASITES. 

Echinococcus  may  occur  in  the  testis  or  epididymis. 

The  Seminal  Vesicles. 

The  seminal  vesicles  may  be  the  seat  of  acute  or  chronic  inflammation, 

which  is  most  frequently  associated  with  inflammatory  changes  in  adja- 
cent parts,  prostate,  urethra,  etc.  As  a  result  of  chronic  inflammation 

the  vesicles  may  be  atrophied,  or  they  may  be  greatly  dilated,  forming 
cysts  due  to  constriction  of  the  ducts.  Tuberculous  inflammation  is 
usuallv  secondarv. 

TUMORS. 

Carcinoma  of  the  rectum  or  other  genito-urinary  organs  may  second- 
arily involve  the  seminal  vesicles.  Small  concretions,  sometimes  con- 

taining masses  of  spermatozoa,  are  occasionally  found  in  the  seminal 
vesicles. 

The  Prostate. 

DEGENERATION,  ATROPHY,  AND  HYPERTROPHY. 

Fatty  and  hyaline  degeneration  of  the  muscle  may  occur  in  the  prostate, 
with  or  without  hypertrophy.  Atrophy  of  the  prostate  may  follow 
lesions  or  removal  of  the  testicle,  inflammation  of  the  prostate  itself,  and 
may  occur  as  a  senile  process.  Dilatation  of  the  ducts  may  accompany 
the  atrophic  process. 

Hypertrophy. — Enlargement  of  the  prostate — so-called  hypertrophy 
— is  of  frecjuent  occurrence  in  advanced  years.     It  may  involve  the  entire 

*  (>)nsult  for  teratoid  tumors  of  the  testicle  Wilms,  Ziegler's  Beitr.  z.  path.  Anat.,  Bd.  xix.,  p.  233, 1896. 

-  See  for  a  summary  and  discussion  of  these  tumors  Frank,  Jour.  Amer.  Med.  Assn.,  vol.  xlvi., 
p.  24S,  1906. 
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organ  or  be  partial;  it  may  be  nodular  (Fig,  002)  or  diffuse.  The  middle 
lobe  is  most  frequently  involved,  and  this  may  press  upon  the  urethra, 
leading  to  difficult  urination  and  such  secondary  alterations  in  the  blad- 

der as  are  associated  with  this,  i.e.,  hypertrophy  and  dilatation  of  the 
bladder,  or  cystitis,  not  infrequently  with  involvement  of  the  ureter  and 
kidneys. 

Hypertrophy  of  the  prostate  may  be  due  to  hyperplasia  of  the  muscle 

and  fibrous  tissue  of  the  organ;  at  the  same  time  the  gland  tissue  may- 
be increased  (Fig.  603),  or  the  latter  may  be  alone  involved.  The 

increase  in  gland  tissue  has  usually  the  character  of  glandular  hyperplasia. 

But  genuine  adenomata  may  form  both  with  and  without  hyperplasia 
of  the  connective  tissue,  muscle,  and  glands. 

In  partial  hypertrophy  there  are  circumscribed  nodules  of  muscle 
tissue  or  of  muscle  and  gland  tissue.  These  are  usually  situated  at  the 
periphery  of  the  organ  and  project  into  the  bladder.  They  may  become 
detached  from  the  prostate,  and  be  found  as  small,  movable  tumors 
beneath  the  mucous  membrane  of  the  bladder. 

IHFLAMMATIOH.     (Prostatitis.) 

Acute  Exudative  Inflammatlonof  the  prostate  is  induced  by  gonorrhcea, 
by  injuries,  or,  more  rarely,  is  independent.  It  may  be  acute  or  chronic. 

The  gland  may  after  a  time  return  to  its  normal  condition,  or  be  gradu- 
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ally  converted  into  a  mass  of  fibrous  tissue  filled  with  absceasea.  The 
abscesses  may  perforate  into  the  bladder,  urethra,  vesicute  seminales, 
rectum,  or  peritoneum.  Or  the  inflammation  may  extend  to  the  connec- 

tive tissue  of  the  scrotum  or  beneath  the  pelvic  peritoneum.  The  pus 
may  become  thickened  and  cheesy,  or  even  calcified. 

Tuberculous  Inflamiuatiou  of  the  prostate  usually  accompanies  a  sim- 
ilar lesion  of  some  of  the  other  genito-urinary  organs.  Large  cheesy 

masses  are  often  formed,  which  may  break  down  and  open  into  the 
bladder  or  rectum. 

TUMORS. 

Sarcoma  of  the  prostate  has  been  described.  Adenoma  {Fig.  C04) 
occurs  cither  with  or  without  an  increase  in  the  fibro-muscular  interstitial 
tissue  and  glaml  hyperplasia. 

Carcinoma  is  of  occasional  occurrence,  and  may  be  primary  or  sec- 
ondary. 

Some  of  the  dilated  glands  tontnin  corpora  Bmjiacen. 

Cyste  of  the  prostate  (Fig.  605)  are  sometimes  found  either  as  a 
result  of  occlusion  of  the  ducts  by  hypertrophy  of  the  interstitial  tissue, 

tumors,  etc.,  or  as  a  result  of  faulty  development.' 

PARASITES  AMD  COITCRETIOITS. 

Ecblnococcus  of  the  prostate  has  been  described,  but  is  rare. 

Concretions. — Small  ovoidal  or  spheroidal,  often  brown  or  black 

bodies,  having  the  characters  of  corpora  amylacea  (Fig.  606),  are  of  very 

frequent  occurrence  in  the  alveoli  of  the  prostate,  particularly  in  old  per- 
sons. We  find  a  certain  number  of  them  in  the  prostate  of  nearly  all  old 

men,  but  they  are  sometimes  present  in  great  numbers.     Larger,  irreg- 

■  The  oecunvnce  of  Bquamoua  epithelium  in  tbedueUand  Hinuscfiof  the  prostate  hofl  been  do9erib«d 
tee  Sclimidl.  Ziogler's  Beitr.,  Bd.  xl.,  p.  120,  I90e. 
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ular  concretions,  apparently  formed  by  the  coaleacenee  or  growth  of  the 
Binaller  ones,  are  less  frequently  found,  and  may  be  encrusted  with  lime 
salts.  These  concretions  may  give  rise  to  ulceration  of  the  ducts  of  the 
gland  or  to  interference  with  the  passage  of  urine,  but  usually  they  are 
of  no  practical  importance. 

Cowper's  Glands. 

Injlummatory  processes,  acute  or  chronic,  may  occur  in  these  organs 
in  connection  with  urethritis  or  prostatitis.  Abscesses  may  form;  the 
glands,  either  in  acute  or  chronic  inflammation,  may  become  enlarged 
and  encroach  upon  the  lumen  of  the  urethra.  Retention  cysts  formed  by 
the  closure  of  the  excretory  ducts  may  also  project  into  the  urethral 
canal. 

The  Male  Mamma. 

There  may  be  an  abnormal  number  of  mamma;.  In  boys,  at  about 
the  time  of  puberty,  the  mamniie  may  be  swollen  and  inflamed  or  they 
may  secrete  milk.  Cases  are  recorded  in  which  adult  males  possessed 
large  mamnuc  which  secreted  milk.  The  breasts  may  be  enlarged  from 
an  increase  of  fat  or  of  connective  tissue. 

fibroma,  sarcoma,  cysto-sarcoma,  myxoma,  and  various  forms  of 
carcinoma'  may  occur. 

Cysts  of  the  male  breast  are  not  very  infrequent. 

I  For  bil>li(«rnphy  oF  carcinoma  of  ihe  male  bicost  ses  Warfidd.  Jolina  Hopkioa  Hosp.  BuU..  vol. 



CHAPTER  XII. 

VOLUNTARY  MUSCLE. 

ITECROSIS. 

Necrosis  of  muscle  may  be  the  local  result  of  mechanical  or  chemical 

injury;  it  occurs  in  inflammatory  foci,  and  may  follow  serious  local  dis- 
turbances of  the  circulation,  as  from  pressure  by  tumors  or  cicatrices,  etc. 

The  muscle  fibres  may  gradually  lose  their  striations,  become  granular 
and  disintegrate,  or  the  muscle  substance  may  become  homogeneous  and 
strongly  refractile  and  break  into  irregular  masses.  Necrotic  muscle 
fibres  are  finally  removed  by  the  direct  action  of  phagocytes  or  after 
various  transformations  leading  to  their  solution. 

ATROPHY  AHD  HYPERTROPHT. 

9mple  Atrophy.— This  may  occur  in  old  age,  in  prolonged  exhausting 
diseases,  or  as  a  result  of  pressure  from  a  foreign  body,  tumors,  etc. 
The  muscle  fibres  grow  narrower,  the  degree  of  narrowing  frequently 

-4 

o,  AlrDphied  muscle  fibre;  b.  dcgeneratml  miwolp  fihre;  c,  inlirafitiiil  ILasue;  il,  clualfre  of  proli/ersted 

varying  considerably  in  different  parts.  They  usually  retain  the  stria- 
tions, but  these  may  be  obscured  by  degenerative  changes.  The  sarco- 

lemnia  may  become  thickened,  and  there  may  be  a  considerable  increase 

in  connective  tissue  between  the  muscle  fibres  and  bundles.  Brown  pig- 
ment particles  may  accumulate  in  the  atrophied  fibres. 
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Progressive  Muscular  Atrophy. — This  lesion  consists  essentially  in  a 
combination  of  simple  or  degenerative  atrophy  of  the  muscle  fibres  with 

chronic  interstitial  inflammation,  and  is  sometimes  associated-  with 
proliferative  changes  in  the  muscle  nuclei.  In  the  earlier  stages  of  the 
disease  the  muscles  may  be  pale  and  soft,  but  exhibit  otherwise  to  the 
naked  eye  but  little  alteration.  Gradually,  however,  the  muscle  sub- 

stance becomes  replaced  by  connective  tissue,  so  that  in  marked  and 
advanced  cases  the  muscles  are  converted  into  fibrous  bands  or  cords, 
whose  cicatricial  contraction  may  induce  great  deformities. 

4  '^i 

Microscopical  examination  shows  in  the  early  stages  of  the  disease  a 
proliferation  of  cells  in  the  interstitial  tissue,  so  that  this  may  have  the 
appearance  of  granulation  or  embryonal  tissue;  also  in  some  cases  marked 

proliferative  changes  in  the  muscle  nuclei  (Fig.  607),  leading  to  the  for- 
mation of  new  cells  which  may  more  or  less  replace  the  contractile 

substance  within  the  sarcolemma.  The  new  interstitial  tissue  increases 

in  quantity  and  grows  denser,  and  may  crowd  the  muscle  fibres  apart 
{Fig.  608).  The  walls  of  the  blood-vessels  may  also  become  thickened. 
Hand-in-hand  with  these  interstitial  alterations  the  atrophy  of  the  muscle 
fibres  proceeds.  These  may  simply  grow  narrower,  retaining  their 
striations;  or  they  may  split  up  into  longitudinal  fibrillie,  or  transversely 
into  discoid  masses,  and  in  this  condition  disappear.  In  other  cases  a 
certain  amount  of  fatty  or  hyaline  degeneration  may  be  present.     These 
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degenerative  and  proliferative  changes  do  not,  as  a  rule,  occur  uniformly 
in  the  affected  muscles,  but  some  parts  are  affected  earlier  and  more 
markedly  than  others.     The  atrophied  muscle  may  be  replaced  by  fat. 

Progressive  muscular  atrophy  is  apt  to  commence  in  the  small  muscleia 
of  the  extremities,  in  many  cases  in  the  muscles  of  the  ball  of  the  thumb. 
It  may  commence  in  the  muscles  of  the  shoulder,  the  arms,  or  the  back. 
It  may  have  a  continuous  extension,  or  it  may  jump  single  muscles  or 
groups  of  muscles.  Death  may  be  induced  by  the  affection  of  the 
muscles  of  respiration  or  deglutition. 

The  causes  of  this  lesion  are  in  many  cases  unknown,  and  there  is 
considerable  lack  of  unanimity  of  opinion  as  to  whether  it  is  primarily  a 

)  of  the  muscles  or  of  the  nervous  system.  In  a  considerable 
proportion  of  cases  the  muscle  lesion  is  associated  with  atrophy  of  the 
ganftlion  cells  in  the  anterior  cornua  of  the  spinal  cord  and  the  develop- 

ment of  connective  tissue  about  them.  Bee  for  the  relationship  between 
nerve  lesions  and  special  groups  of  muscle  the  chapter  devoted  to  Dis- 

eases of  the  Nervous  System.  In  other  cases  these  changes  in  the  cord 
may  apparently  be  absent. 

Muscle  atrophy  is  sometimes  accompanied  by  atrophy  of  the  nerves 
which  are  distributed  to  the  muscles,  and  atrophy  of  the  anterior  roots 
has  been  described. 

It  is  probable  that  there  are  several  varieties  of  progressive  muscular 

atrophy,  which  our  present  knowledge  does  not  enable  us  clearly  to  dis- 
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tinguish.  Muscular  atrophy  in  some  cases  follows  overstraining  of  groups 
of  muscles,  or  injuries,  and  may  occur  as  one  of  the  sequelae  of  typhoid 
fever  and  diphtheria. 

Hypertrophy. — True  hypertrophy  of  muscle  as  a  pathological  con- 
dition is  rare,  but  it  has  been  described  in  a  few  cases.  It  is  usually 

confined  to  circumscribed  groups  of  muscles.  On  microscopical  exam- 
ination the  diameter  of  the  fibres  is  increased,  sometimes  considerably, 

though  not  uniformly.  The  transverse  striation  is  unaltered  and  the 
muscle  nuclei  are  in  some  cases  enlarged.  The  cause  of  the  change  is 
unknown. 

Atrophia  Muscuionim  Lipomatosa  (Pseudo-hypertrophy  of  the  Muscles) . 
— In  some  cases,  hand-in-hand  with  the  production  of  new  connective 
tissue  in  the  muscles  and  the  atrophy  of  the  muscle  fibres,  or  after  these 
changes  have  made  considerable  progress,  there  occurs  a  development  of 
fat  tissue  between  the  fibres  (Fig.  609)  which  may  prevent  any  apparent 
diminution  in  the  size  of  the  muscles,  or  in  some  cases  may  even  give 
them  the  appearance  of  a  great  increase  in  size.  This  condition  is  of 
most  frequent  occurrence  in  children,  and  is  most  apt  to  appear  in  the 
gastrocnemii  muscles.  In  the  upper  extremities  the  deltoid  and  triceps 
are  most  frequently  involved.  The  lesion  may  be  symmetrical,  affecting 
similar  muscles  on  both  sides  of  the  body,  or  it  may  be  unilateral.  Parts 
of  muscle  bellies  may  be  affected. 

The  cause  of  this  form  of  atrophy  is  not  definitely  known.  Various 
lesions  of  the  spinal  cord  have  been  described  as  occurring  with  it;  but, 
in  many  cases  at  least,  alterations  of  the  nervous  system  cannot  be 
detected.  The  writer  has  described  a  case^  in  which  this  lesion  was 
marked  in  the  gastrocnemii  in  connection  with  multiple  false  neuromata. 

DEGENERATION. 

Albuminous  Degeneration  of  striated  muscle  occurs  as  a  mark  of  toxae- 
mia in  acute  infectious  diseases,  and  may  lead  to  fatty  degeneration. 

Fatty  Degeneration,  with  greater  or  less  destruction  of  the  muscles, 
may  commence  with  a  simple  swelling  and  fine  granulation  of  the  fibres. 
As  the  process  goes  on,  smaller  and  larger  fat  droplets  appear  in  the  con- 

tractile substance,  which  loses  its  striations  and  becomes  friable,  and  may 
be  entirely  destroyed,  leaving  within  the  sarcolemma  a  mass  of  fatty 
detritus  which  may  finally  be  absorbed  and  disappear.  This  alteration 
may  occur  in  acute  parenchymatous  myositis  in  connection  with  various 
forms  of  atrophy,  in  prolonged  exhausting  diseases,  and  in  phosphorus 
poisoning. 

Fatty  Infiltration  of  the  muscle  may  occur  in  obesity  and  in  alcoholics. 
Hyaline  Degeneration. — Under  a  variety  of  conditions  the  muscle 

fibres  undergo  a  series  of  changes,  leading  to  their  conversion  into  a  trans- 
lucent, highly  refractile  material,  somewhat  resembling  amyloid,  but  not 

giving  its  microchemical  reactions,  and  apparently  more  nearly  allied  to 
hyaline  material.     The  lesion  in  the  muscle  which  we  are  considering  is 

»  Prudden,  Am.  Jour,  of  Med.  Sci..  July,  1880.  p.  134. 
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often  called  wary  'degeneration,  from  tlie  peculiar  appearances  which  the 
muscles  present.'  When  the  lesion  is  far  advanced  and  extensive  the 
muscles  are  brittle  and  have  a  grayish-yellow,  translucent  appearance. 
Microscopical  examination  of  various  stages  of  hyaline  degeneration  of 
muscle  shows  that  the  contractile  substance  of  the  fibres  becomes  at  first 

swollen  and  granular,  and  gradually  converted  into  hyaline  material 
which  may  present  the  outlines  of  the  swollen  fibres,  but  is  more  fre- 

quently broken  into  larger  and  smaller  shapeless  clumps  (Fig.  610), 

which  may  disintegrate  and  finally  be  absorbed.  Hand-in-hand  with 
these  changes  there  usually  occurs  an  increase  in  the  interfibrillar  con- 

nective tissue,  and  in  certain  cases  there  may  be  a  proliferation  of  the 
muscle  nuclei  and  a  new  formation  of  variously  shaped  cells  within  the 
sarcolemma  which  lead  to  the  regeneration  of  the  fibres.     As  a  result  of 

the  brittleness  of  the  degenerated  muscles  they  are  apt  to  rupture,  and  in 
this  way  hiemorrhage  may  occur. 

This  form  of  degeneration  may  occur  in  progressive  muscular  atrophy, 
in  various  infectious  diseases,  in  trichinosis,  with  local  inflammation, 
injuries,  freezing,  etc.  It  is,  however,  most  marked  and  frequent  in 
typhoid  fever.  In  this  disease  the  rectus  abdominis  and  the  abductors 
of  the  thigh  are  most  frequently  affected. 

Experimental  investigations  have  shown  that,  under  certain  condi- 
tions, very  similar  appearances  may  be  produced  in  the  muscles  by  post- 

mortem changes.  Various  changes — some  of  them  necrotic — are  at 

present  included  under  the  name  "hyaline  degeneration  of  the  muscles." 
True  amyloid  degeneration  is  rare. 

Hoen  has  described  a  peculiar  degeneration  with  atrophy  of  the  stri- 
ated muscle  of  the  uvula,  in  which  a  series  of  bleb-like  structures  form 

along  the  fibres,  which  they  may  finally  replace.' 
Calcification  of  muscle  is  of  rare  occurrence. 

Serous  or  Hydropic  Infiltration  of  muscle  fibres  occurs  under  various 
conditions  in  association  with  other  lesions.  Larger  and  smaller  spaces 
filled  with  clear  fluid  are  present  between  the  fibres  and  often  over  small 

areas  largely  replacing  them.  Such  fluid-filled  spaces  are  often  called 
vacuoles. 

)r  Zoaker's  defeneisIioD  of  muacle  see  Thoma,  Vjreh.  Arch., 
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INJURIES,  HiEMORRHAGE,  AND  INFARCTION. 

Wounds  and  Rupture. — When  the  muscle  fibres  are  severed  by  wounds 
or  rupture  there  is  more  or  less  degeneration  of  the  divided  fibres,  and 
the  wound  may  heal  by  the  production  of  granulation  tissue,  which 
gradually  becomes  converted  into  cicatricial  tissue,  thus  binding  the 
severed  parts  together.  In  some  cases  there  is  a  moderate  new  formation 
of  muscle  fibres  (see  p.  70).  When  the  wound  does  not  gape,  so  that 
the  severed  ends  are  not  much  separated,  there  may  be,  it  would  seem, 
a  direct  re-establishment  of  muscular  continuity  by  new  development 
of  muscle,  without  the  formation  of  much  new  connective  tissue. 

Hfiemorrhage. — This  may  occur  as  a  result  of  mechanical  injury;  from 
rupture  of  the  fibres  by  convulsive  contraction,  as  in  tetanus;  or  it  may 
occur  when  the  muscle  fibres  are  degenerated,  as  in  typhoid  fever;  or  in 
connection  with  certain  general  diseases,  as  scurvy,  purpura,  hsemor- 
rhagic  diathesis,  septicaemia,  etc.     The  blood  is  usually  readily  absorbed. 

Embolic  Infarction  of  Muscles  in  connection  with  heart  disease  has  been 
described  in  a  few  cases,  but  it  is  rare. 

INFLAMMATION.     (Myositis.) 

Suppurative  Myositis. — In  the  early  stages  of  this  lesion  the  muscle  is 
hypersemic  and  cedematous,  and  the  interstitial  tissue  more  or  less  infil- 

trated with  small  spheroidal  cells.  If  the  inflammation  becomes  intense 
there  may  be  an  excessive  accumulation  of  pus  cells,  either  diffusely  in 
the  interstitial  tissue  or  in  larger  and  smaller  masses.  Hand-in-hand 
with  this  cell  accumulation  occur  degenerative  changes  in  the  muscle 
fibres.  By  pressure  their  nutrition  is  interfered  with  and  they  undergo 
granular,  fatty,  or  hyaline  degeneration  and  necrosis.  They  may  com- 

pletely disintegrate;  or  gangrene  may  occur,  so  that  larger  and  smaller 
masses  of  the  infiltrated  muscle  tissue  become  soft,  foul-smelling,  and 
converted  into  a  mass  of  detritus  in  which  but  little  muscle  structure  can 
be  detected  and  which  is  intermingled  with  bacteria.  In  other  cases 
there  may  be  larger  and  smaller  abscesses  formed  in  the  muscle,  the 
muscle  tissue  itself  degenerating  and  disintegrating  and  mixing  with  the 
contents  of  the  abscess,  or  being  pressed  aside  and  undergoing  atrophy 
and  degeneration.  In  some  cases,  when  the  formation  of  pus  is  moderate 
in  amount,  there  may  be  restoration  by  formation  of  granulation  tissue 
between  the  muscle  fibres.  This  becomes  gradually  dense  and  firm,  and 
leads  to  more  or  less  atrophy  of  the  muscle  fibres  by  pressure. 

Acute  suppurative  myositis  may  accompany  wounds;  it  is  very  com- 
mon in  acute  phlegmonous  inflammations  of  the  skin  and  subcutaneous 

tissue,  and  often  accompanies  acute  infectious  diseases,  such  as  pysemia, 

erysipelas,  etc.  In  most  cases  the  "  pyogenic '*  cocci  are  present  in  the 
inflammatory  foci.  Suppuration  not  infrequently  occurs  in  the  muscles 
adjacent  to  the  inflamed  mucous  membranes  in  diphtheria. 

Chronic  Interstitial  Myositis. — In  this  lesion  there  is  a  new  formation 
of  connective  tissue  between  the  muscle  fibres  or  bundles  of  fibres.     This 
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new  tissue  is  sometimes  very  cellular,  resembling  granulation  tissue,  and 
this  probably  represents  an  early  stage  of  the  disease.     In  other  cases 
(Fig.  611}  dense  cicatricial  tissue  crowds  the  muscle  fibres  apart,  inducing 
atrophy  in  them,  and  sometimes  leading  to  their  complete  destruction. 
This  lesion,  the  analogue  of  chronic  interstitial  inflammation  of  the 
internal  organs,  may  occur  in  muscles  which  are  adjacent  to  other  parts 

which  are  the  seat  of  chronic  inflam- 
matory processes.     It  may  occur  in 

muscles   which   are   not   used.      The 
new  formation  of  fibrous  tissue  seems 

in    some    cases   to    be   secondary   to 
atrophy  of  the  muscle  fibres.     In  this 
case  it  would  more  appropriately  be 
called  Teptacement  fibrous  hyperplasia. 

Primary     Acute     Poljrmyosltls.  — 
Several  observers'  have  described  an 
affection    involving   swelling   of    the 

muscles  of  the  tongue,  back,  and  ex- 
tremities, with  local  pain  and  fever. 

Flo.  Bii.— Chromic  ihtehstitial  mtosit™.     Voluntary    movement    is    lost,    and 
various  rashes  of  the  skin  may  occur. 

The   muscles   are  brownish  red  in  color,  with  yellowish  spots,  hiemor 
rhages  and  foci  of  ha?morrhagic  exudates.     There  is  degeneration  of  the 
muscle  fibres.     The  disease  may  become  chronic  and  may  be  fatal.     It 
is  believed  to  be  due  to  some  form  of  auto-intoxication  and  may  be 
associated  with  some  infective  focus  in  the  body, 

HyoBltlB  Osrificans. — Under  conditions  and  for  reasons  which  we  do 
not  understand,  there  occasionally  occurs,  usually  in  young  persons,  a 
new  formation  of  bone  in  the  interstitial  tissue  of  muscles,  and  in  ten- 

dons, ligaments,  fascia;,  and  aponeuroses.  This  sometimes  apparently 

starts  as  outgrowths  from  the  periosteum,  sometimes  not.  The  bone  for- 
mations are  apt  to  commence  about  the  neck  and  back,  and  may  become 

very  widespread  over  the  body.  So  far  as  the  muscles  are  concerned, 
there  is  usually  an  increase  of  connective  tissue  between  the  fibres  and 

bundles,  in  which  new  bone  is  formed,  usually  in  elongated  and  some- 
times in  spicula-Jike  masses.  The  muscle  fibres  undergo  secondarily  a 

greater  or  less  degree  of  atrophy  or  degeneration.  There  may  be  fatty 
infiltration  between  the  fibres,  and  various  deformities  are  produced  by 
the  shortening  and  progressive  immobility  of  the  affected  parts. 

While  the  above  disease  is  a  progressive  and  frequently  a  general  one, 
there  may  be  new  formation  of  bone  in  muscle  as  a  result  of  prolonged 
or  repeated  mechanical  irritation.  Thus  in  the  adductors  of  the  thigh 
in  persons  who  are  constantly  in  the  saddle,  or  in  the  deltoid  muscle  of 
soldiers  who  strike  this  part  with  their  weapons  in  drill,  there  may  be  a 

formation  of  bone.' 

I  See  r,  Slrumpel,  DeiiUrh  ZfiM.  f.  Nerronkr  i..  <79.  18BI. 
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Tuberculous  and  Syphilitic  Inflammation  in  the  muscle  is  of  occasional 
occurrence;  the  active  processes  are  in  the  connective  tissue  and  blood- 

vessels, the  muscle  fibres  being  secondarily  involved  in  various  phases 
of  atrophy  and  degeneration. 

TUMORS. 

Tumors  of  muscles  usually  develop  in  the  connective  tissue.  Fibroma, 
chondroma,  lipoma,  myxoma,  sarcoma,  angioma,  may  occur  as  primary 
tumors.  Carcinoma  and  sarcoma  may  occur  secondarily  in  the  muscles 
as  a  result  of  local  extension  from  adjacent  parts. 

Rhabdomyoma  has  been  described.  Teratomata  and  dermoid  cysts 
are  recorded  in  various  parts  of  the  body. 

The  muscle  fibres  are,  as  a  rule,  only  secondarily  affected  by  pressure, 
etc.,  in  tumors  of  the  muscles,  but  there  exist  observations  which  point 
to  the  possibility  of  a  proliferation  of  the  muscle  nuclei  and  the  new 
formation  from  them  of  cells  which  may  take  part  in  the  growth  of  the 
tumor. 

PARASITES. 

Trichina  spiralis  is  the  most  common  parasite  in  the  muscles. 
Cysticercus  cellulosas  and  echinococcus  occasionally  occur. 



CHAPTER  XIII. 

THE  BONES  AND  JOINTS. 

The  Bones. 

General  Considerations. 

It  is  not  possible  to  understand  the  changes  which  the  bones  suffer  under  various 
abnormal  conditions  unless  one  hold  in  mind  the  physical  peculiarities  of  this  form 
of  connective  tissue  and  the  ways  in  which  the  dense  and  solid  structure  is  formed  and 
dissolved  and  re-formed  in  the  processes  of  development  and  growth. 

The  striking  character  of  bone,  adapting  it  to  serve  as  the  supporting  framework 
of  the  body,  is  the  association  with  its  organic  tissue  of  the  inorganic  salts  to  which  its 
hardness  and  solidity  are  due.  But  it  is  through  connective  tissue  and  blood-vessels 
and  under  the  agency  of  highly  specialized  connective-tissue  cells — osteoblasts,  the 

"bone-builders,"  and  osteoclasts,  the  *' bone-destroyers " — that  bone  is  formed  and 
during  development  ceaselessly  remoulded. 

The  general  pathological  processes  to  be  observed  in  bone  are  fundamentally 
similar  to  those  in  the  soft  tissues  of  the  body.  Disturbance  of  circulation,  necrosis, 
degenerations,  inflammation,  tumors,  etc.,  are  common.  But  their  manifestations 
are  modified  and  often  complicated  and  obscured  in  part  by  the  hardness  of  texture 
and  durability  of  bone  tissue,  but  especially  by  the  frequent  participation  in  the  proc- 

esses of  the  osteoblasts  and  osteoclasts.  Thus  it  is  that  many  abnormalities  of  the 
circulation  and  their  sequelae  are  less  obvious  than  in  other  parts  of  the  body;  necrosis 
is  masked  by  appearances  due  to  the  inorganic  elements;  while  many  of  the  inflamma- 

tory processes  and  tumors  are  regularly  associated  with  the  formation  of  new  bone  in 
such  mass  and  measure  as  often  to  distort  the  bone  and  greatly  complicate  the 

picture. 
We  have  seen  repeatedly,  in  studying  the  lesions  of  the  viscera,  that  the  primary 

pathological  processes  are  modified  by  the  tissues  in  which  they  are  active.  Attention 
is  called  to  this  feature  in  bone  only  because  the  regional  modification  is  here  so  con- 

spicuously marked  that  one  is  liable  to  lose  sight  of  the  unity  of  the  fundamental  proc- 
esses and  erroneously  to  conceive  that  the  pathology  of  bone  is  a  subject  especially 

obscure,  complex,  and  diflScult. 

ATROPHY. 

In  old  age  or  in  senile  conditions  the  bones  may  become  atrophied  by 
the  absorption  of  the  hard  tissue;  the  medullary  spaces  are  enlarged,  the 
marrow  tissue  contains  less  fat  and  is  often  gelatinous  in  appearance. 
As  the  result  of  the  lack  of  use,  or  from  any  cause  which  interferes  with 
the  nutrition,  of  the  bone,  such  as  paralysis  of  the  muscles  or  diseases  of 

the  joints,  the  bones  may  atrophy.  In  connection  w^ith  atrophy  there 
may  be  an  ossifying  periostitis,  which  results  in  making  the  bone  look 
even  larger  than  normal.  Many  of  the  conditions  commonly  called 
atrophy,  such  as  the  erosions  of  bones  from  tumors,  etc.,  pressing  upon 
them,  are  really  due  to  a  rarefying  osteitis. 

The  bones,  sometimes  as  the  result  of  atrophy  and  sometimes  from 
876 
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causes  which  we  do  not  understand,  are  unusually  brittle  and  liable  to 
fracture.     This  disposition  is  sometimes  hereditary. 

DISTURBANCES  OF  CIRCULATION. 

HjTpersemia. — The  evidences  of  this  condition  are  most  marked  to  the 
naked  eye  in  the  periosteum  and  marrow,  particularly  the  latter.  It 
should  be  remembered  that  the  color  of  the  marrow  varies  considerably 
under  normal  conditions,  depending  upon  age  and  situation.  In  the 
bones  of  the  foetus  and  new-born,  and  near  the  areas  of  ossification  in  the 
young,  the  marrow  is  normally  red  in  color.  In  adults  the  marrow  of 
the  sternum,  vertebrae,  and  to  a  certain  degree  that  of  the  ribs,  pelvic 
and  cranial  bones,  and  the  cancellous  tissue  of  the  ends  of  the  long  bones, 
is  red  or  reddish  in  color.  But  most  of  the  marrow,  particularly  in  long 
bones  of  the  extremities,  is  of  a  yellowish  color  from  the  presence  of  fat 
cells.  In  old  age  the  marrow  of  all  the  bones  is  apt  to  become  pale,  and 
to  assume  a  more  or  less  translucent  or  gelatinous  appearance. 

Hyperaemia  usually  occurs  as  an  accompaniment  of  inflammatory 
processes  in  the  bone,  and,  when  marked,  the  periosteum  is  swollen  and 
red;  the  compact  bone  tissue  may  appear  of  a  pink  color,  while  the  mar- 

row, either  by  an  increase  in  the  amount  of  blood  or  absorption  of  its  fat, 
or  both,  may  be  of  a  uniform  dark  red  color  or  mottled  with  red  and  red- 

dish yellow. 
Hfiemorrhage. — This  may  be  due  to  wounds  and  injuries  and  to  inflam- 

matory and  necrotic  processes;  and  small  haemorrhages  often  accompany 
scurvy,  purpura,  haemorrhagic  diathesis,  and  leukaemia.  Clots  of  con- 

siderable size  between  the  periosteum  and  bone  may  lead  to  serious 
consequences,  by  cutting  off  the  blood  supply  to  the  superficial  layers  of 
bone  and  thus  inducing  necrosis.  But  when  not  infected  through  con- 

tact with  the  air  or  by  micro-organisms  brought  in  the  circulatory  chan- 
nels, they  are  not  usually  of  serious  import,  and  are  readily  absorbed. 

The  smaller  haemorrhages  of  the  medulla  are  not  usually  of  much  impor- 
tance. The  decomposition  of  the  extravasated  blood  may  lead  to  exten- 

sive pigmentation  of  the  marrow. 

HEALING  OF  WOUNDS  AND  FRACTURES  OF  BONE. 

The  process  of  healing  in  bone  after  fracture  is,  when  uncomplicated, 
at  first  similar  to  that  in  ordinary  healing  by  second  intention  in  fibrous 
tissue.  The  blood  and  other  exudates  and  the  tissue  detritus  are  gradu- 

ally absorbed  or  disposed  of  by  phagocytes.  By  a  proliferation  of  con- 
nective-tissue cells  of  the  region  a  larger  or  smaller  mass  of  granulation 

tissue  is  formed.  This  granulation  tissue  does  not  at  first  differ  in 
appearance  from  similar  tissue  formed  elsewhere  in  the  body  in  the 
reparative  phase  of  exudative  inflammation. 

But  soon,  under  the  influence  of  the  specially  endowed  cells  of  car- 
tihige  or  bone  or  periosteum,  but  especially  of  the  latter,  the  granulation 
tissue  becomes  partially  replaced  either  by  cartilage  or  by  a  substance 
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resembling  bone  in  general  appearance  but  containing  no  lime  salts. 
This  is  called  osteoid  tissue.  These  new  cartilaginous  and  osteoid  tissues, 
which  are  apt  to  occur  together,  form  irregular  masses  or  interlacing 
trabeculiP  in  the  stroma  of  granulation  tissue.  This  constitutes  the 
so-called  callus  of  a  uniting  fracture  (Fig.  612). 

Gradually  the  osteoid  tissue  l>ecome8  osseous,  and  the  masses  of  car- 
tilage and  bands  of  periosteal  and  other  fibrous  tissue,  under  transfor- 

mations practically  identical  with  those  seen  in  normal  development,  are 

converted  into  bone.  Thus  by  gradual  absorption  and  re-formation  of 
bone  in  the  usually  redundant  provisional  bony  mass,  and  by  the  re- 

adjustment of  its  vascular  channels,  the  healing,  with  more  or  less  per- 
manent deformity,  is  accomplished  (Fig.  613). 

If  the  conditions  be  not  favorable,  the  healing  of  fractures  may  occur 

only  by  fibrous-tissue  formation,  so  that  so-called  "false  joints"  may 
result.  The  healing  of  other  injuries  and  losses  of  substance  occurs  by  a 
process  similar  to  that  described  in  Fractures. 

inFLAHHATIOH. 

The  periosteum,  bone  tissue,  and  marrow  are  so  intimately  connected 
that  in  most  cases  they  all  share  to  a  greater  or  less  degree  in  the  patholog- 

ical alterations  of  the  bones.  But  as  sometimes  one,  sometimes  another 

is  most  markedly  involved,  it  is  convenient  to  consider  separately  here 
the  inflammatory  changes  by  which  they  are  respectively  affected. 

Periostitis. 

Exudative  inflammation  in  the  periosteum  is  essentially  similar  to 
this  form  of  inflammation  in  other  parts  of  the  body,  except  as  it  is 
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modified  by  the  relationships  of  the  connective  tissue  and  blood-vessels 
to  the  hard  bone  and  by  the  presence  and  performances  of  the  osteoblasts 
and  associated  cells  peeuhar  to  bone. 

We  may  distinguish  several  forms  of  periosteal  inflammation. 
ample  Exudative  Periostitis. — This  is 

apt  to  occur  in  children  and  ill-nourished 
persons  after  comparatively  slight  injuries 
or  from  unknown  causes.  The  periosteum 
is  thickened,  succulent,  congested,  and  more 

or  less  abundantly  infiltrated  with  leuco- 
cytes. It  becomes  less  firmly  adherent  to 

the  bone,  and  the  cells  of  the  inner  layers 
are  increased  in  number.  This  form  of  in- 

flammation may  terminate  in  resolution,  or 

it  may  lead  to  other  phases  of  inflamma- 

Suppurative  Periostitis  may  begin  as  a 
simple  or  as  a  puruieni  inflammation.  The 
pus  is  formed  in  the  inner  layers  of  the 
periosteum,  and  between  it  and  the  bone. 
The  outer  layers  of  the  periosteum  may  for 
a  long  time  resist  the  suppurative  process. 
The  accumulation  of  pus  may  dissect  up 
the  membrane  from  the  bone  and  leave  the 

latter  bare.  The  pus  thus  formed  may 
remain  in  this  position  for  a  long  time, 
or  be  absorbed,  or  become  dry  and  cheesy, 
or  it  may  burst  through  the  periosteum 
and  lead  to  abscesses  in  the  soft  parts.  The 

bone,  if  separated  from  its  nutrient  mem- 
brane, may  remain  unchanged,  but  more 

frequently  necrosis  or  inflammation  of  the 
bone  itself  is  set  up.  Such  a  periostitis 
may  run  an  acute  or  a  chronic  course. 

Sometimes  suppurative  periostitis  takes 
on  a  very  malignant  character.  Pus  is 
developed  not  only  beneath,  but  in  the 
periosteum,  forming  abscesses  filled  with 
foul  pus.  The  periosteum  breaks  down 

into  a  gangrenous,  foul-smelling  mass,  and 
the  same  change  may  affect  the  neighbor- 

ing soft  parts.  The  medulla  may  take 
part  in  the  process  and  break  down  into        ̂     ,  .     „ 

,       ,  ,,  Fio.  eia.— HULBD  Bomb  aites 
a   purulent,   gangrenous    mass.       Htemor-  fbactumb. 

rhages  may  complicate  the  process.     The       shoi»s  redundant  hani  bone  about 

lymph-nodes    are    enlarged    and    swollen;  '     °    ™c  ure. 
absces-ses  may  form  in  different  parts  of  the  body,   and  the  patient 
may   die   with  the    symptoms    of   pyemia.      The   Streptococcus    and 
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Staphylococcus  pyogenes  are  the  moat  common  excitants  of  suppurative 
inflammation. 

Fibrous  Periostitis. — Thia  is  a  chronic  form  of  inflammation,  resulting 

Flo.  BH.— OsslrTiNO  Ptmo. 

in  the  development  of  new  connective  ti.ssue  in  the  periosteum,  which 
becomew  thickened  and  dense  and  u.sualty  adherent  to  the  bone.  It 
may  accompany  necrosis,  chronic  arthritis,  chronic  ulcers  of  adjacent  soft 

parts,  etc.,  or  follow  simple  aciitc  periostitis.     It  may  in  many  instances 
be  repiirded  as  a  conservative  process  of  a  reparative  character. 

Ossifying  Peiiostltis  results  in  the  formation  of  new  bone  from  the 

inner  layers  of  the  periosteum.     The  masses  of  new-formed  bone,  called 
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osteophytes,  are  of  variable  shape.  They  may  form  a  thin,  velvet-like, 
villous  layer  (Fig.  614) ;  or  they  are  little  spicula;  or  form  larger,  rounded 
masses  (see  Figs.  615,  616),  or  a  thick,  uniform  layer  extending  over  a 
large  part  of  a  bone.  They  may  have  at  first  a  loose,  spongy  character, 
and  be  loosely  connected  with  the  old  bone.  But  layers  of  compact 
bone  tissue  are  formed  within  their  medullary  spaces,  which  are  thus 
gradually  filled,  and  they  join  the  old  bone  so  that  they  may  finally 
become  as  compact  as  or  even  more  compact  and  dense  than  normal  bone 
to  which  they  are  firmly  joined.  The  hyperostoses  and  exostoses  thus 
formed  may  remain  indefinitely,  or  they  may  gradually  become  smaller 
and  finally  disappear  by  absorption. 

The  formation  of  new  bone  in  osteophytes,  or  in  dense  masses  beneath 
and  in  the  periosteum,  occurs  as  a  result  of  the  same  process  by  which 

Fia.  618.— OsaiF' 
\  Inrie  part  ol 

e  brge  miigh  eimtoKs  piojeBl.     This  bone  hna  b 

bone  tissue  is  normally  formed.  Certain  large  cells,  called  osteoblasts, 

which  are  developed  along  the  blood-vessels,  possess  the  power  of  deposit- 
ing osseous  basement  substance  about  themselves  and  so  forming  bone. 

Pathological  new  formation  of  bone  differs  from  the  normal  mainly  in 
the  conditions  under  which  it  occurs.  The  blood-vessels  around  which 
the  pathological  bone  develops,  which  grow  out  of  the  old  vessels,  as  in 
the  formation  of  granulation  tis.sue,  are  irregularly  arranged  and  subject 
to  a  variety  of  abnormal  nutritive  and  mechanical  conditions,  so  that  the 
new  bone  is  usually  formed,  not  in  a  series  of  definite  systems  of  lamellie, 
but,  as  above  described,  in  a  series  of  irregular  spicula  or  masses.  More- 

over, as  will  be  seen  further  on,  the  conditions  under  which  it  is  formed 

being  liable  to  change,  and  itself  serving  no  definite  purpose  in  the  econ- 
omy, as  does  normal  bone,  pathological  new  bone  is  often  an  evanescent 

structure.     The  details  of  its  disappearance  will  be  considered  below. 

Syphilitic  Periostitis. — Syphilitic  infection  may  excite  simple,  purulent, 
fibrous,  or  ossifying  periostitis.  In  addition  to  these,  gummata  (see  p. 
273)  may  be  developed  in  the  periosteum  in  long  bones,  most  frequently 
on  the  .shaft,  where  they  cause  a  more  or  less  fusiform  enlargement.     The 
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bone  tissue  is  usually  more  or  leas  involved.  The  gummata  may  be 
absorbed  or  undergo  cheesy  degeneration,  or  be  converted  into  fibrous 
tissue,  or  they  may  suppurate. 

Tuberculous  Periostitis. — In  badly  nourished  persons,  particularly  in 
children  suffering  from  scrofula,  chronic  purulent  periostitis  is  frequently 
associated  with  the  formation  of  miliary  tubercles.  Afcscesses  are  apt 
to  form  in  and  about  the  pcrio.steum,  and  when  these  are  evacuated  gran- 

FiQ.  817.— Tl-h 

ulation  tissue  may  develop,  which  contains  miliary  tubercles.  The  bone 
ia  apt  to  be  involved  to  a  greater  or  less  extent  in  simple  imflammatory 
changes  or  caries  (Fig.  617). 

Osteitis. 

Inflammation  in  bone  tissue  is  dependent  upon  the  same  general  con- 
ditions and  presents  essentially  the  same  series  of  phenomena  as  inflam- 
mation in  other  kinds  of  connective  tissue.  But  it  is  variously  modified 

in  detail  by  the  peculiar  dense  and  unyielding  character  of  the  basement 
substance,  and  by  certain  peculiarities  of  the  blood  supply  and  the 
nutritive  conditions  under  which  the  cells  are  placed.  In  simple  exuda- 

tive inflammation  the  same  series  of  phenomena  occur  in  connection  with 

the  blood-vessels  as  in  other  tissues,  resulting  in  the  production  of  serum, 
fibrin,  and  pus;  but  the  extent  to  which  these  changes  occur  is  limited 
and  constantly  associated  with  striking  alterations  in  the  basement 
substance.  It  is  these  secondary  alterations  in  the  basement  substance 
which  lend  to  inflammations  of  the  bone  their  most  peculiar  characters, 
and  in  the  prominence  which  these  assume  the  fundamental  alterations 
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are  often  overlooked.  The  most  common  of  these  secondary  alterations 
are  the  absorption  of  the  hard  basement  substance  of  the  bone  and 
its  replacement  by,  or  conversion  into,  young  cellular  forms  of  fibrillar 
connective  tissue  or  marrow  tissue,  and  the  new  formation,  in  a  more  or 

less  typical  manner,  of  new  bone.  The  active  phenomena  of  inflamma- 
tion in  bone  are  processes  of  the  blood-vessels  and  the  fibrillar  connective 

tissue  as  in  other  parts  of  the  body,  the  hard  bone  substance  being  in  a 
certain  sense  only  secondarily  involved. 

As  a  result  of  these  changes  the  bone  in  simple  inflammation  becomes 

more  vascular,  and,  with  an  increase  of  spaces  filled  w-ith  granulation  or 
marrow  tissue,  more  porous  at  the  expense  of  the  dense  basement  sub- 

stance. Or  the  new-formed  spaces  or  the  marrow  cavities  may  be  con- 
stantly encroached  upon  by  the  new-formed  bone  lamellae  on  their  walls, 

so  that  the  bone  becomes  more  compact.  Or,  as  is  frequently  the  case, 
both  series  of  changes  occur  either  simultaneously  in  different  regions, 
or  follow  each  other,  or  are  variously  associated  together.  Very  fre- 

quently one  or  the  other  of  the  opposing  forms  of  alteration  predominates, 
or  one  may  occur  to  the  exclusion  of  the  other,  and  we  thus  have  two 
prominent  forms  of  inflammation,  which  are  called  rarefying  osteitis 
or  osteo-porosis,  and  condensing  osteitis  or  osteosclerosis.  The  exact 
nature  of  the  conditions  under  which  in  one  case  the  bones  become 

more,  in  another  less  dense,  we  do  not  understand.  Nor  is  the  exact  way 
in  which  the  osteoclasts  dissolve  hard  bone,  or  the  osteoblasts  secure  and 
deposit  inorganic  salts  and  become  bone  cells  as  yet  clear.  Furthermore, 
more  or  less  characteristic  forms  of  inflammation  may  occur  in  syphilitic 

and  tuberculous  infection — syphilitic  and  tuberculous  osteitis.  Suppura- 
tive osteitis  may  further  complicate  the  process. 

In  addition  to  these  phases  of  inflammation  in  bone,  and  in  frequent 
and  varied  association  with  them,  there  are  alterations  leading  to  death 
and  destruction  of  bone  tissue  in  greater  or  less  amount,  which  are  called 
caries  and  necrosis.  Finally,  any  of  these  forms,  and  commonly  several 
of  them  at  once,  are  variously  associated  with  more  or  less  marked 
inflammatory  or  degenerative  alterations  of  the  periosteum  on  the  one 
hand,  or  the  marrow  tissue  on  the  other,  or  of  both  combined. 

Rarefying  Osteitis  consists  essentially  in  the  formation  in  the  marrow 

spaces.  Haversian  canals,  or  beneath  the  periosteum,  of  new,  very  cel- 
lular and  vascular  tissue,  resembling  granulation  of  young  marrow  tissue, 

under  whose  influence  the  basement  substance  of  the  bone  is  absorbed. 

This  absorption  of  the  bone  takes  place*  largely  as  bone  is  absorbed  in 
normal  grow^th,  namely  under  the  influence  of  certain  large  cells,  which 
are  grouped  around  the  blood-vessels.  If  a  thin  section  of  bone  which 
is  undergoing  absorption  be  examined  (Fig.  618),  the  edges  of  the  bone 
which  border  on  the  vascular  surfaces  are  found  irregularly  indented  by 
deep  or  shallow  depressions,  sometimes  simple,  sometimes  quite  complex. 

These  are  called  Howship  's  lacunce  and  are  usually  filled  or  lined  by  larger 
and  smaller  granular,  frequently  multinuclear  cells — the  so-called  osteo- 

clasts. In  the  larger  lacuna?  there  may  be  granulation  tissue  with  loops  of 
blood-vessels,  with  or  without  osteoclasts.     Under  the  influence  of  the 
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osteoclasts  or  of  the  new  vascular  tissue,  the  bone  is  gradually  ab- 
sorbed. 

On  the  other  hand,  there  may  be  irregular  branching  channels  through 
the  bone  across  the  lamella?,  which  appear  to  be  due  to  the  enlargement 
and  coalescence  of  the  lacume  and  canaliculi,  without  the  direct  inSuence 
of  blood-vessels  or  other  cells  than  the  fixed  eella  of  the  bone. 

The  tissue  which  replaces  the  absorbed  bone  may  be  very  rich  in 
Bmall  spheroidal  cells,  or  it  may  be  more  or  less  fibrillar. 

As  a  result  of  this  process  irregular  islets  of  bone  tissue  may  be 
entirely  separated  from  adjaeent  bone  and  surrounded  by  a  more  or  less 

a.  tsolateil  bone  frngment  with  rough  edges:  b.  mnrrow  ti<nue:  c,  Howship'*  Iseunie  with  <i9(«oclut. 

fibrillar  vascular  tissue;  this  is  most  apt  to  occur  in  the  cancellous  tissue. 
Or  the  originally  compact  bone  may  become  traversed  by  a  series  of  larger 
and  smaller  irregular  branching,  communicating  channels  with  ragged 
walls.  These  progressive  alterations  may  cease,  and  be  succeeded  by  a 
new  formation  of  bone  along  the  edges  of  the  channels  or  cavities. 

Rarefying  osteitis  may  occur  as  an  independent  process  from  unknown 
causes;  it  is  often  a.isociated  with  scrofula,  with  diseases  of  the  joints, 
with  fractures  or  other  injuries  to  the  bone;  it  often  forms  a  predominant 
feature  in  tuberculous  inflammation  of  the  bones.  It  is  chiefly  by  a 
rarefying  osteitis  that  bone  tissue  is  eroded  and  destroyed  in  the  vicinity 
of  tumors,  aneurisms,  etc.,  which  exert  pressure  on  the  bones.  By  the 
same  process  the  sharp  ends  of  fractured  bones  may  be  rounded  off  as 
healing  proceeds. 

When  this  form  of  inflammation  occurs  in  cancellous  bone  tissue  the 

marrow  is  red  or  gelatinous,  and  the  bony  septa  may  disappear  altogether, 
BO  that  in  extreme  cases  there  may  be,  instead  of  cancellous  bone,  a  mass 

"of  granulation  tissue.     When  the  process  occurs  in  the  articular  extrera- 



THE    BONES    AND    JOINTS  BB5 

ity  of  a  bone  the  granulating  medulla  may  send  little  offshoots  through 
the  articular  cartilage.  These  may  become  fused  together  and  inflam- 

mation of  the  joint  may  follow.  The  walls  of  the  shafts  of  the  long 
bones  may  be  converted  into  spongy  tissue.  If,  as  is  sometimes  the  case, 
an  ossifying  periostitis  occurs  at  the  same  time,  the  bone  is  thickened  but 
spongy;  or  sometimes  there  are  concentric  layers  of  compact  bone  tissue, 
separated  by  rarefied  bone. 

Condensing  Osteitis  (Osteo-sclerosls). — This  lesion  is  characterized  by 
the  new  formation  of  bone  in  the  walls  of  the  marrow  cavities  or  Haver- 

sian canals.  The  bone  is  formed  under  the  influence  of  the  blood-vessels 
and  osteoblasts,  as  in  normal  bone  formation,  but  with  less  regularity. 
It  may  result  in  the  conversion  of  cancellous  tissue  into  compact  bone, 
in  the  filling  up  of  the  medullary  cavity  of  long  bones  with  more  or  less 

dense  bone  tissue.  The  compact  bone,  owing  to  the  filling  of  its  Haver- 
sian canals,  may  become  very  dense  and  ivory-like.     When  the  medullary 

Flo.  619.— Cr)HDEH8INO  OBTKins,  OB  Obtso-sclebosis.  in  Ulha  or  Child, 

0,  Frnsment  of  old  bont  with  roughHied,  sinuous  edge.t:  b.  old  Howship's  turunie  covered  nith  more recently  lonned  bone  lamellse;  c,  d.  new  Hnvenioa  cimitlii. 

cavities  of  long  bones  are  involved  the  yellow  marrow  is  converted  into 
red  marrow  by  the  absorption  of  fat  and  increased  vascularity. 

Osteo-aclerosia  is  frequently  associated  with  ossifying  periostitis.  It 

often  follows  rarefying  osteitis,  and  then  the  Howship's  lacunae  resulting 
from  the  original  absorption  process  may  be  filled  and  covered  in  with 
new  bone  lamella  (Fig.  61!)).  It  is  apt  to  occur  in  connection  with 
necrosis  or  chronic  inflammation  of  adjacent  soft  parts,  and  is  then  a 
reparative  and  conservative  process,  but  it  sometimes  occure  independ- 

ently under  unknown  conditions. 

Suppurative  Osteitis  (Abscess  of  Bone). — This  process  occurs  usually  in 
the  ends  of  the  long  bones,  and  is  associated  with  rarefying  osteitis.     As 
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the  bone  tissue  is  absorbed,  a  circumscribed  cavity  may  be  formed  in  the 
bone,  filled  with  pus  and  lined  with  granulation  tissue. 

Less  frequently  abscesses  are  formed  in  the  shaft  of  a  long  bone  by 
circumscribed  suppuration  of  the  medulla.  Such  abscesses  may  occur  in 
old  people  and  may  be  of  long  duration.  They  may  gradually  enlarge 
and  be  accompanied  by  an  ossifying  periostitis,  so  that  the  bone  is  ex- 

panded. The  abscesses  in  suppurative  osteitis  sometimes  develop  rapidly 
and  may  perforate.  On  the  other  hand,  instead  of  abscesses,  there  may 
be  a  diffuse  infiltration  with  pus  of  the  Haversian  canals  or  of  the  spaces 
formed  by  rarefying  osteitis  (see  Osteomyelitis,  below.) 

Osteomyelitis. — The  tissues  of  the  medulla  so  frequently  share  in  the 
inflammatory  processes  in  bone  that  many  conditions  described  as  osteitis 
are  really  osteomyelitis.  It  is  customary,  however,  to  reserve  the  latter 
name  for  those  cases  in  which  the  medulla  is  primarily  or  chiefly  involved. 

Acute  Infectious  Osteomyelitis. — This  may  occur  as  the  result  of 
a  local  injury  which  permits  the  access,  or  favors  the  development,  of 
pyogenic  micro-organisms;  it  may  be  metastatic,  resulting  from  the 
transportation  of  infectious  material  from  other  parts  of  the  body  in  septi- 

caemia and  pyaemia,  in  typhoid  fever,  in  the  exanthematous  fevers,  and 
under  other  conditions;  or  it  may  occur  without  evidence  of  local  predis- 

position or  of  infectious  processes  in  other  parts  of  the  body. 
The  lesions  of  acute  infectious  osteomyelitis  are,  in  the  large  majority 

of  cases  at  least,  due  to  the  presence  and  action  of  the  pyogenic  cocci, 
the  Staphylococcus  pyogenes  and  the  Streptococcus  pyogenes,  and  in 
many  of  its  forms  it  may  be  regarded  as  one  of  the  phases  of  septicaemia 
or  septico-pyaemia. 

While  the  lesions  vary  widely,  the  following  general  description  is 
applicable  to  a  considerable  proportion  of  the  cases: 

At  the  commencement  of  the  disease,  which  usually  begins  in  the  shaft 
of  one  of  the  long  bones,  there  are  hyperaemia  and  oedema  of  the  medulla, 
so  that  if  the  bone  be  opened  the  marrow  is  soft  and  of  a  dark  red  color. 
A  diffuse  suppuration  now  rapidly  ensues,  and  the  marrow  becomes 
streaked  or  mottled  with  gray.  Occasionally,  though  not  often,  larger 
and  smaller  abscesses  may  form  in  the  marrow.  The  inflammatory  areas 
may  be  circumscribed;  or,  in  the  more  malignant  cases,  the  entire  mar- 

row may  become  rapidly  involved.  The  cancellous  tissue  of  one  or  both 
of  the  epiphyses  usually  becomes  affected.  The  disease,  however,  is 
not  commonly  confined  to  the  medullary  spaces.  The  periosteum 
becomes  oedematous  and  infiltrated  with  pus,  and  the  surrounding  soft 
parts  may  become  the  seat  of  intense  inflammatory  changes.  Abscesses 
of  the  periosteum  or  surrounding  tissues  are  apt  to  form.  As  a  result  of 
these  changes,  necrosis  of  greater  or  less  portions  of  the  bone  may  ensue 
with  the  formation  of  larger  or  smaller  sequestra  (see  p.  890).  The 

medullary  cavity  may  become  enlarged  as  pus  accumulates,  and  the  w^all 
of  the  bone  may  be  broken  through,  permitting  the  discharge  of  pus 
outward.  Sometimes  several  bones  are  involved  at  once.  Secondary 
involvement  of  the  joints  is  very  frequent.  Here  there  may  be  only  a 
serous  or  purulent  exudation;  or  the  acute  and  destructive  inflammatory 
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process  may  extend  beneath  the  joint  and  produce  extensive  alterations. 
In  young  persona  the  epiphyses  very  frequently  become  separated  from 
the  shaft  by  the  destruction  of  the  cartilage  which  binds  them  together. 

In  the  severer  cases,  which  are  often  called,  par  excellence,  malignant 
osteomyelitis,  the  changes  may  be  very  rapid  and  destructive.  The 
medulla  is  disintegrated  and  gangrenous;  the  joints  are  soon  involved; 
necrosis  of  large  portions  of  the  bone,  sometimes  of  the  whole  shaft, 
occurs,  the  periosteum  and  surrounding  parts  become  gangrenous;  the 
veins  contain  thrombi,  and  pysemic  infarctions  and  abscesses  may  form 

in  various  parts  of  the  body.' 
Chhonic  Osteomyelitis. — In  prolonged  cases  of  osteomyelitis  there 

is  apt  to  be  more  or  less  ossifying  periostitis  and  osteo-sclerosis,  and 

fist ul*  may  form  in  the  bone,  through  which  the  exudates  are  discharged.' 

Tuberculous  Osteitis  is  primarily  a  tuberculous  inflammation  of  the 
soft  parts  of  bone  with  associated  rarefying  and  formative  processes  in 
the  hard  bone.  The  tubercles  are  sometimes  small  and  scattered  (Fig. 
620),  sometimes  they  unite  to  form  larger  foci  or  large  diffuse  caseous 
masses.  There  may  be  extensive  involvement  of  the  medulla.  Rare- 

fying and  condensing  osteitis  and  necrosis  often  accompany  the  tuber- 
culous process.  Thus  the  bone  frequently  becomes  spongy  or  fragile 

(Fig.  617).  Much  of  the  new  tissue  formed  in  tuberculosis  of  the  bones 
is  simple  granulation  tissue  or  fibrous  tissue  of  reparative  character. 

inflammaiion,  with  bibi,  Jordan.  Beitr.  i.  klia.  Cbir..  Bd.  x.,  p.  5H7.     For  a  study  of  this  coDdition  in 
fhil.lhooil  see  Ktplilc  awl  I'nn  ArKlnlt.  Am.  Jour.  Med.  Sci.,  vol.  ciii..  pp.  4:12  anil  S36.  1892. 

'  For  a  riaumi  of    the   deformities  reaultins  rnun  oaleonu'elitis  consult  Park.  Medical  Record 
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Not  infrequently  an  exudative  inflammation  occurs  with  the  for- 
mation of  the  so-called  cold  abscesses.  This  abscess  formation  in  bone 

as  well  as  in  soft  parts  may  be  due  to  the  tubercle  bacillus  alone.  But 
concurrent  infection  of  tuberculous  areas  often  takes  place,  the  pyogenic 
or  other  organisms  gaining  access  to  the  involved  region  either  through 
the  blood  channels  or  by  surface  openings,  fistulse,  sinuses,  etc. 

Tuberculous  inflammation  is  most  frequent  in  early  life  and,  save 
for  the  smaller  bones,  such  as  the  phalanges,  metacarpal,  metatarsal,  it 
rarelv  involves  the  shafts  of  bones. ^  It  is  often  associated  with  tuber- 
culous  involvement  of  the  joints  (Fig.  617). 

Syphilitic  Osteitis. — Syphilitic  injection  may  lead  to  one  or  other  of  the 
forms  of  osteitis  just  described,  or  gummatous  nodules  may  form.  Syph- 

ilitic osteitis  usually  commences  in  the  periosteum,  which  becomes 
thickened  and  infiltrated  with  cells,  so  that  there  may  be  a  circumscribed 
thickening  of  the  periosteum,  with  or  without  distinct  gummata.  The 

vessels  which  extend  from  the  periosteum  into  the  bone  become  sur- 
rounded by  new  cellular  tissue,  which  causes  an  enlargement  of  the 

canals.  At  this  stage,  if  the  periosteum  be  stripped  off,  it  drags  with  it 
the  vessels  surrounded  by  the  new  cell  growth,  leaving  the  bones  beneath 
with  numerous  small  perforations  extending  inward.  As  the  disease 
progresses  the  channels  in  the  bone  enlarge  by  a  rarefying  osteitis  and 
coalesce,  forming  large,  irregular  defects  filled  with  new  fibrous  tissue. 
In  these  masses  of  new  tissue,  cheesy  degeneration  may  occur,  so  that  th  3 

new  groVvth  has  more  or  less  of  the  character  of  a  gumma.  In  the  vicin- 
ity of  these  gumma-fiUed  spaces  a  condensing  osteitis  may  occ.ur,  both  in 

the  substance  of  the  bone  and  on  the  surface,  in  the  form  of  osteophytes, 

so  that  the  opening  in  the  bone  may  be  surrounded  by  an  elevated,  irreg- 
ular ring  of  bone  tissue.  All  this  may  occur  beneath  the  uninvolved 

skin,  or  the  skin  may  participate  by  a  suppurative  inflammation,  result- 
ing in  ulceration.  These  processes  may  be  circumscribed  or  involve  a 

large  part  of  a  bone.  It  is  not  infrequently  associated  with  necrosis  of 
larger  and  smaller  portions  of  bone.  The  syphilitic  tissue  may  be 
absorbed  and  its  place  be  more  or  less  filled  with  fibrous  tissue.  Syphilitic 
osteitis  is  most  frequent  in  the  cranial  bones,  but  may  occur  elsewhere, 
as  in  the  sternum,  clavicle,  tibia  and  fibula,  the  ribs,  etc. 

Congenital  Syphilis. — The  bones  of  young  children  in  this  condition 
may  show  increased  density  or  evidences  of  periostitis,  or  irregular  thick- 

enings, particularly  of  the  skull.  Characteristic  lesions  are  frequently 
found  in  the  long  bones  in  still-born  or  young  children  who  are  the  vic- 

tims of  hereditary  syphilis.  These  lesions  are  found  for  the  most  part 
along  the  border  zone  between  the  epiphysis  and  diaphysis.  In  normal 
ossification  of  the  long  bones,  the  border  line  between  the  calcification 
and  ossification  zones  is  narrow,  sharply  defined,  and  straight,  or  lightly 
and  evenly  curved.  In  the  syphilitic  bones,  on  the  contrary,  this  line  is 
broader,  uneven,  and  presents  various  modifications,  which  merge  into 

*  For  the  relationship  of  blood  supply  in  bone  to  the  location  of  tuberculous  lesions,  see  Lexer, 
Kuliga  u.  Turk,  "Unters.  in  Knochenarterien,  etc.,"  Arch.  f.  klin.  C'hir.,  Bd.  Ixxi.,  p.  9,  1903,  and 
ibid.,  Bd.  Ixxiii.,  p.  41,  1904.  For  a  review  of  this  see  Bloodgood,  Progressive  Medicine,  vol.  vi.,  p. 
195,  1904. 
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one  another,  so  that  all  intermediate  forms  may  be  seen.  In  a  lesion  of 
moderate  grade  there  may  be,  between  the  cartilage  and  the  new-formed 
spongy  bone,  a  white  or  reddish-white  zone,  about  two  millimetres  in 
breadth,  with  very  irregular  borders,  consisting  of  calcified  cartilage,  in 
which  the  linear  groups  of  cartilage  cells  are  more  abundant  than  normal. 
In  more  pronounced  lesions  the  calcified  zone,  still  containing  an  unusual 
number  of  cartilage  cells,  is  broader  and  still  more  irregular  and  less 
sharply  outlined  against  the  ossification  zone.  The  cartilage  just  beyond 
it  is  softer  and  almost  gelatinous,  and  may  contain  numerous  blood-ves- 

sels, islets  of  connective  tissue  or  of  calcification,  or  irregular  ossification. 
Finally  the  bone  may  be  pouched  out  at  the  sides  around  the  ossification 
and  calcification  zones,  and  the  perichondrium  and  periosteum  thickened. 
The  whitish,  irregular  calcified  zone  is  hard  and  friable.  Between  this 
and  the  new-formed  bone  there  is  an  irregular,  soft,  gray  or  grayish 
yellow  zone,  from  two  to  four  millimetres  in  thickness,  which  forms  a  loose, 
readily  separated  connection  between  the  cartilage  and  the  diaphysis. 
The  white,  friable  zone  consists  mainly  of  irregular  rows  of  degenerated 
and  distorted  cartilage  cells  lying  in  a  calcified  basement  substance,  of 
irregular  masses  of  atypical  bone  tissue,  and  of  blood-vessels  surrounded 
by  variously  shaped  cells.  The  soft  zone  consists  of  more  or  less  vascular 
tissue  with  homogeneous  basement  substance,  and  round  and  spindle- 
shaped  cells.  This  soft  zone  is  not  sharply  outlined  against  the  adjoining 
new-formed  spongy  bone,  which,  instead  of  consisting  of  the  normal 
marrow  spaces  with  bony  lamellae  between  them,  is  largely  composed  of 
granulation  tissue. 

Different  phases  of  this  faulty  development  may  be  seen  in  different 
bones  in  the  same  individual.  According  to  Wegner  the  lesion  is  usually 
most  advanced  in  the  lower  end  of  the  femur,  then  in  the  lower  ends  of 
the  leg  bones  and  of  the  forearm,  then  in  the  upper  ends  of  the  tibia, 
femur,  and  fibula. 

Not  infrequently  there  is  fatty  degeneration  of  the  marrow  cells  and 
blood-vessels  giving  the  marrow  a  reddish  yellow  color.  These  altera- 

tions of  the  bones  may  occur,  not  only  in  children  who  have  gummata  in 
other  parts  of  the  body,  but  also  in  those  in  whom  other  evidences  of 
syphilitic  infection  are  absent.  So  uniform  is  their  occurrence  that  their 
presence  alone  suffices  for  the  establishment  of  a  diagnosis. 

NECROSIS. 

Necrosis  is  the  death  of  a  larger  or  smaller  portion  of  bone.  This 
may  be  induced  by  conditions  which  deprive  the  bone  of  its  proper  vas- 

cular supply  from  the  periosteum  and  medulla.  It  may  be  associated 
with  suppurative  periostitis,  osteomyelitis,  and  osteitis,  traumatic  sepa- 

ration of  the  periosteum,  ulcers  of  neighboring  soft  parts,  emboli,  the 
action  of  phosphorus  vapor,  and  exhaustive  infectious  diseases.  Necro- 

sis is  a  pure  form  of  gangrene,  differing  from  gangrene  of  soft  parts  in 
that  the  dead  bone  has  at  first,  and  may  retain  for  a  long  time,  the  general 
outward  characters  of  the  normal  bone;  while  in  dead  soft  parts  rapid 
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absorption  may  occur,  or,  should  bacteria  of  various  forms  be  presentor 
gain  access  to  the  dead  tissue,  putrefaction,  with  complex  changes,  may 
ensue. 

When  a  portion  of  bone  has  died,  inflammation  occurs  at  the  dividing- 
line  between  the  dead  and  living  bone.  This  inflammation  has  the  char- 

acters of  a  rarefying  osteitis  (see  above),  and  finally  separates  the  dead 
from  the  living  bone.  The  dead  bone,  or  sequestrum,  may  remain  smooth 
and  unaltered  (Fig.  621),  or  it  may  be  eroded  by  the  influence  of  sur- 

rounding pus  or  granulation  tissue  or  osteoclasts.  In  this  way  it  is  pos- 
sible for  the  sequeHtrum,  if  it  be  small,  to  be  entirely  absorbed.  More 

frequently  there  is  a  production  of  new  bone  around  the  sequestrum. 

either  beneath  the  periosteum  or  in  the  substance  of  the  bone,  and  this 
becomes  lined  with  granulation  tissue,  from  which  pus  may  continue  to 
be  formed,  bathing  the  sequestrum. 

Necrosis  may  involve  the  superficial  layers,  or  the  entire  thickness  of 
the  wall  of  a  long  bone,  or  only  the  spongy  tissue  and  inner  layers,  or  an 
entire  bone,  or  a  number  of  different  portions  of  the  same  bone,  but  it  is 
most  apt  to  occur  in  compact  bone. 

The  death  and  separation  of  the  bone  may  be  soon  followed  by  the 
growth  of  new  bone  to  repair  the  loss.  The  periosteum,  the  medulla, 
and  the  surrounding  soft  tissues  may  all  take  part  in  this  new  growth. 
The  new  bone  is  usually  irregular,  rough,  and  perforated  with  openings 
through  which  pus  formed  around  the  sequestrum  may  be  discharged. 
If  the  sequestrum  be  removed,  healing  may  occur  by  the  formation  of 
new  bone;  but  the  bone  is  usually  more  or  less  distorted  by  the  irregular 
new  ossification. 

Phosphorus  Necrosis. — Under  the  influence  of  phosphorus  vapor, 
periostitis  and  osteitis,  particularly  of  the  jaw,  are  apt  to  occur,  which 
usually  lead  to  more  or  less  extensive  necrosis,  generally  associated  with 
prolonged  and  often  extensive  suppuration. 
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Caries  of  bone  is  essentially  an  ulcerative  osteitis  resulting  in  progres- 
sive molecular  destruction  of  the  bone  tissue.  It  differs  from  necrosis  in 

that,  in  the  latter,  larger  and  smaller  masses  of  bone  die,  white  in  caries  the 
destruction  is  molecular  and  gradual 

(Fig.  622).  It  may  occur  in  connec- 
tion with  any  form  of  osteitis,  with 

periostitis  and  osteomyelitis,  or  it 
may  be  secondary  to  inflammatory  or 
destructive  processes  in  the  joints  or 
adjacent  soft  parts.  The  depressed 
surfaces  of  bones  in  which  caries  is 

progressing  are  rough  and  more  or 
leas  finely  jagged,  and  may  be  covered 
with  granulations.  The  minute 
changes  by  which  ulceration  and 

destruction  of  the  bone  are  pro- 
duced in  caries  are  somewhat  analo- 

gous with  those  in  rarefying  osteitis, 
but  there  are  marked  degenerative 
changes  in  the  bone  cells,  which  may 
become  fatty  or  converted  into  a 
granular  material.  Moreover,  the 

basement  substance  of  the  bone,  in- 
stead of  being  absorbed,  may  disin- 

tegrate, with  the  formation  of  larger 
and  smaller  masses  of  detritus. 
Sometimes  the  lime  salts  are  re- 

moved from  the  basement  substance, 
which  is  converted  into  atypical 
fibrillar  tissue  and  fatty  and  granu- 

lar detritus.  Very  extensive  sup- 
purations and  necrosis  may  be  asso- 

ciated with  caries. 

Long-continued  caries,   especially 
in  badly  nourished  individuals,  is  apt 
to  become  complicated  with  tubercu-        p.,„  eaa— cabim  or  thk  Vmmbb* lous  inflammation. 

There  is  very  little  tendency  to  spontaneous  healing  in  caries,  but  it 
may  occur,  and  the  defects  produced  may  be  more  or  less  supplied  by 
means  of  new-formed  bone. 

RACHITIS.     (Rickets.) 

Rickets  is  a  developmental  disease  of  bone,  in  which  the  proper 
ossification  does  not  take  place.     The  disease  usually  occurs  during  the 
first  two  years  of  life,  but  may  be  congenital,'  or  may  occur  as  late  as 
the  twelfth  year. 

'  Sah'rlli,  Ziegler's  Beitr,  i.  path.  Anot..  c(c.,  Bd.  xvi,.  p.  29,  189<.  bil>l. 
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The  physiological  growth  of  bones  presents  three  phases.  They 
grow  in  length  by  the  production  of  bone  in  the  cartilage  between  the 
epiphysis  anri  diaphysis;  in  thickness,  by  the  growth  of  bone  from 
the  inner  layers  of  the  periosteum.  At  the  same  time  the  medullary 

canal  is  enlarged,  in  proportion  to  the  growth  of  the  bone,  by  the  disap- 
pearance of  the  inner  layers  of  bone. 

In  rickets  these  three  phases  of  growth  are  abnormal.  The  carti- 
laginous and  subperiosteal  cell  growth,  which  precedes  ossification,  goea 

on  with  increa.sed  rapidity  and  exuberance  and  in  an  irregular  manner, 
both  between  the  epiphyses  and  diaphyses  and  beneath  the  periosteum, 
while  the  actual  o.ssification  is  imperfect,  irregular,  or  wanting.  At  the 
same  time  the  dilatation  of  the  medullary  cavity  goes  on  irregularly 
and  often  to  an  excessive  degree. 

Fig.  823.— Rac 

■roscopicallj'  in  a  rachitic  bone  the  region  between 

the  epiphysis  and  diaphysis  (Fig,  (i'23),  he  finds  that  the  cartilage  cells 
are  not  regularly  arranged  in  rows  along  a  definite  zone  in  advance  of  the 
line  of  ossification,  as  in  normal  development,  but  that  there  is  an  irreg- 

ular heaping-up  of  cartilage  cells,  sometimes  in  rows,  sometimes  not, 
over  an  ill-defined  and  irregular  area.  The  zone  of  calcification  also, 
instead  of  being  narrow,  regular,  and  sharply  defined,  is  lacking  in  uni- 

formity. Areas  of  calcification  may  be  isolated  in  the  region  of  prolifer- 
ating cartilage  cells,  or  calcification  may  be  altogether  absent  over  con- 

siderable areas. 

Corresponding  to  these  irregularities  the  o.ssification  zone  is  also  irreg- 
ular. New-fovnied  bono  and  marrow  cavities  containing  blood-vessels 

may  lie  in  the  midst  of  the  cartilage,  or  masses  of  cartilage  may  lie  deep 
in  the  region  which  should  be  completely  ossified.     In  other  places  it 
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seems  as  if  the  cartilage  tissue  were  directly  converted  into  an  ill-formed 
bone  tissue  by  metaplasia  or  direct  transformation.  It  will  readily  be 
Been  from  this  that  the  medullary  spaces  of  the  new-formed  bone  are 
irregular,  and  this  abnormality  is  enhanced  by  the  premature  intra- 

medullary absorption  of  the  bone. 
Similar  irregularity  in  the  bone  formation  may  be  seen  beneath  the 

periosteum.     An  excessive  proliferation  of  cells  in  the  inner  layers  of 

the  perio.steum,  the  irregular  calcification  which  occurs  about  them,  and 
the  absence  of  uniformity  in  the  elaboration  of  ill-structured  bone,  con- 

spire to  produce  an  irregular,  spongy  bone  tissue  instead  of  the  compact, 
lamellated  tissue  which  is  so  necessary  here  for  the  solidity  of  the  struc- 

ture. The  increased  cell  growth  between  the  epiphyses  and  diaphyses 
produces   the   peculiar   knobby  swellings   which   are   characteristic   of 
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ricketa.  At  the  same  time  the  medullary  cavity  increases  rapidly  in 
size  and  the  inner  layers  of  the  bone  become  spongy.  The  medulla  may 
be  congested,  and  fat,  it  it  has  formed,  may  be  absorbed,  and  a  modified 
form  of  osteitis  may  ensue. 

The  result  of  these  processes  is  that  the  bones  do  not  possess  solidity 
and  cannot  resist  the  traction  of  the  muscles  or  outside  pressure.  The 
epiphyses  may  be  displaced  or  bent,  especially  in  the  ribs,  less  frequently 
in  the  long  bones.  The  long  bones  and  the  pelvic  bones  may  be  bent 
into  a  variety  of  forms  (Fig.  629).  Incomplete  fractures  are  not  infre- 

quent. Complete  fractures  do  not  usually  occur  until  the  later  stages  of 
the  disease,  when  the  bones  have  become  more  solid.     In  the  head,  the 

FlQ.    926.— CHAHIiyTABES. 
Th[9  skull  of  a  child  ia  large,  its  bones  nre  thin,  with  holes  due  lo  faulty  rtevelapment  ud 

cranium  may  be  unnaturally  large  for  the  size  of  the  face;  the  fontanelles 
and  sutures  may  remain  open;  the  bones  may  be  soft,  porous,  and 
hypenemic,  while  at  their  edges  there  may  be  rough,  bony  projections 
beneath  the  pericranium.  Sometimes,  especially  in  the  occipital  bone, 
there  are  rounded  defects  in  the  bone,  filled  only  with  a  fibrous  mem- 

brane; this  constitutes  one  of  the  forms  of  so-called  Craniotabes  (Fig. 
625). 

It  does  not  fall  within  the  scope  of  this  work  to  describe  the  various 
deformities  which  may  occur  as  a  result  of  this  disease.  The  familar 

pigeon  breast;  the  rows  of  knobs  along  the  sides  of  the  chest  from  bend- 
ing and  dilatation  of  the  ribs  at  the  point  of  junction  of  cartilage  and 

bone  (Fig.  626);  the  knock-knees,  bow-legs,  spinal  curvatures,  etc.,  may 
all  be  the  result  of  rachitic  weakening  of  the  bones. 
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After  a  time  the  rachitic  process  may  stop  and  the  bones  take  on  a 
more  normal  character.     The  porous  bone  tissue  becomes  compact  and 

even  unnaturally  dense;  the  swellings  at  the  epiphyses  disappear;  many 
of  the  deformed  bones  may  become  of  a  normal  shape.     In  severe  cases, 
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however,  the  deformities  continue  through  life;  especially  there  ia  a  ces- 
sation of  the  growth  of  the  bones  in  their  long  axis,  so  that  the  persons 

affected  are  dwarfed. 

The  discnaemay  have  an  acute  or  a  chronic  character.  The  acute 
form  begins  usually  during  the  first  six  months  of  life.  The  children  are 

apt  to  suffer  from  vomiting,  diarrhtea,  profuse  sweating,  chronic  bron- 
chitis and  pneumonia,  general  anaemia,  and  wasting,  They  either  die  or 

the  rachitic  process  is  gradually  developed.  The  chronic  form  is  seen  in 
older  children,  and  often  in  those  apparently  healthy.  The  changes  in 
the  bones  may  take  place  without  constitutional  symptoms,  though  there 
are  often  catarrhal  bronchitis,  pneumonia,  and  amemia. 

Achondroplasia  (Fcetal  Rickets). — This  disease  of  foetal  life  is  of 
obscure  nature,  perhaps  allied  to  rickets. 

Showing  chnracteriatic  dpformily  oC  the  handa.     (Photugraph  by  Dr.  Norlhnip.) 

Bones  which  are  of  intra-membranous  origin,  or  which  in  late  fcetal 
life  are  chiefly  cartilaginous  are  least  involved,  while  the  long  bones  chiefly 
suffer,  through  failure  in  ossification  at  their  ends,  together  with  various 
defects  in  their  cartilage. 

This  condition  is  marked  {see  Fig.  627)  by  abnormalities  in  the 
length,  shape,  and  consistency  of  the  bones  of  the  limbs,  which  in  general 
are  short  and  thick.  The  head  may  be  normal  or  rachitic  in  type. 
The  trunk  may  be  of  normal  size.  The  fingers  arc  often  stumpy  (Fig. 

62S).  These  with  other  bone  changes  lead  to  the  characteristic  "dwarf  " 
type  of  body. 

The  characteristic  lesions  of  achondroplasia  are  often  associated 
with  various  developmental  malformations  of  ordinary  type. 

OSTEOMALACIA. 

This  lesion  consists  in  the  softening  of  fully  formed  hard  bone  tissue 
by  the  removal  of  its  inorganic  salts.  It  is  to  be  di-stinguished  from 
rickets,  whose  lesions  are  due  to  a  faulty  development  of  bone,  although 

in  certain  external  characters  the  two  diseases  sometimes  present  consid- 
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erable  similarity.  Osteomalacia  usually  occurs  in  adults,  most  fre- 
quently in  ifemales  during  pregnancy  and  after  parturition;  more  rarely 

it  occurs  in  males,  and  in  females  unassociated  with  the  above  conditions. 
Its  cause  is  not  known. 

Microscopical  examination  shows  that  the  decalcification  occurs  first 
in  the  periphery  of  the  Haversian  canals  and  in  the  inner  layers  of  the 
walls  of  the  marrow  spaces.  As  the  salts  of  lime  are  removed  the  base- 

ment substance  at  first  remains  as  a  finely  fibrillated  material,  still  pre- 
serving the  original  lamellation.  The  bone  cells  may  be  changed  in  shape 

or  degenerated.  After  a  time  the  decalcified  tissue  may  disintegrate  and 
be  absorbed,  and  its  place  occupied  by  new-formed  marrow  or  granula- 

tion tissue.  As  the  disease  goes  on,  the  marrow  tissue  is  congested  and 
red,  the  fat  absorbed,  and  there  is  a  great  accumulation  of  small  sphe- 

roidal cells;  or  the  marrow  may  assume  a  gelatinous  appearance.  The 
decalcification  and  absorption  of  the  bone  from  within  may  proceed  so 
far  that  the  bony  substance  in  the  cancellous  tissue  almost  entirely  dis- 

appears, and  the  compact  bone  is  reduced  to  a  thin,  soft,  decalcified  tis- 
sue. The  disease  is  not  always  continuously  progressive,  but  may  be 

subject  to  temporary  cessation. 
As  a  result  of  this  softened  condition  of  the  bones,  the  weight  of  the 

body  and  the  actions  of  the  muscles  may  induce  a  series  of  deformities 
which  are  sometimes  excessive:  curvatures  of  the  spine,  complete  and 
incomplete  fractures  of  the  bone,  distortions  of  the  pelvis,  sternum,  etc. 
There  is  a  tendency  in  this  disease  to  a  general  involvement  of  the  bones, 
but  the  changes  are  sometimes  confined  to  single  bones  or  groups  of 
bones.     The  cranium  is  rarely  much  affected. 

ALTERATIONS  OF  THE  BONE  MARROW  IN  LEUKiEMIA  AND  ANiEMU. 

In  certain  forms  of  leukaemia  the  marrow  of  the  bones  is  very  mark- 
edly altered.  The  change  consists  mainly  in  an  accumulation  in  the 

marrow  tissue  of  spheroidal  cells,  often  in  a  condition  of  fatty  degen- 
eration, which  lie  in  the  meshes  of  reticular  connective  tissue  and  in  and 

along  the  w^alls  of  the  blood-vessels.  There  may  also  be  absorption  of 
the  fat,  and  sometimes  enlargement  of  the  marrow  cavity  from  absorp- 

tion of  the  bone.  These  alterations  seem  to  be  primarily  due  to  a  hyper- 
plasia of  the  marrow  cells.  The  new  cells  which  accumulate  in  the  mar- 

row under  these  conditions  are  of  various  forms.  Most  characteristic 
are  colorless,  spheroidal  cells  which  considerably  resemble  the  large 
lymphocytes  of  normal  blood.  But  they  are  usually  larger,  though 
varying  much  in  size,  have  one  large,  often  vesicular  nucleus  staining 
less  strongly  than  the  lymphocyte  nuclei,  while  the  protoplasm  usually 
contains  neutrophile  granules.  These  cells  are  called  myelocytes.  In 
addition  to  these  the  marrow  may  contain,  mingled  with  its  usual  ele- 

ments, nucleated  red  blood  cells,  spheroidal  cells  containing  red  blood 
cells,  and  not  infrequently  considerable  numbers  of  small  octahedral 

crystals  (called  Charcot's  crystals). 
The  degree  to  which  this  accumulation  of  cells  occurs  varies  p\uch  in 

57 
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different  cases,  and  the  gross  appearances  of  the  marrow  are  consequently 
verj'  diverse.  In  some  cases  the  marrow  ia  soft  and  has  a  uniform  red 
appearance,  or  it  is  variously  mottled  with  gray  and  red.  Occasionally 
circumscribed  hiemorrhages  are  seen.     In  another  cla.ss  of  cases,  in  which 

the  cell  accumulation  is  more  excessive,  the   marrow   may  be  gray, 

grayish  yellow,  or  puriform  in  appearance  (Fig.  (J2S»). 
These  changes  may  occur  in  the  central  marrow  cavity,  as  well  as  in 

the  marrow  spaces  of  the  spongy  bone.  They  may  be  present  in  several 

or  many  of  the  bones.  They  are  usually  accompanied  by  analogous 

changes  in  the  spleen  and  lymph-nodes  (Fig.  630). 
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In  certain  cases  of  acute  and  chronic  anosmia,  particularly  in  the  perni- 
cious and  progressive  varieties,  the  marrow,  especially  of  the  larger  long 

bones,  may  lose  its  yellow  color  from  absorption  of  the  fat,  and  become 
red.  Microscopical  examination  of  the  marrow  under  these  conditions 

may  show  myelocytes  and  sometimes  an  abundance  of  developing  nucle- 
ated red  blood  cells  and  Charcot's  crystals. 

In  many  of  the  acute  infectious  diseases,  typhus  fever  and  typhoid 
fever,  ulcerative  endocarditis,  recurrent  fever,  etc.,  the  bone  marrow  has 

been  found  hyperaemic,  and  may,  it  is  asserted  by  Ehrlich,  contain  mye- 
locytes in  increased  numbers. 

All  these  lesions  of  the  marrow,  although  our  knowledge  of  ̂ hem 
is  still  very  incomplete,  together  with  what  is  known  of  the  physiological 
functions  of  the  marrow,  point  to  a  close  relationship  between  the  mar- 

row and  the  spleen  and  lymph-nodes  as  blood-producing  organs. 

TUMORS. 

Tumors  of  the  bone  may  involve  either  the  periosteum,  or  the  com- 
pact bone,  or  the  medulla;  or,  as  is  more  frequently  the  case,  two  or 

more  of  these  structures  may  be  involved  at  once.  Tumors  of  the  bone 
are  usually  accompanied  by  various  secondary  and  sometimes  very 
marked  alterations  of  the  bone  tissue,  osteo-porosis,  osteo-sclerosis,  ossi- 

fying periostitis,  etc.  The  new  growths  are  very  apt  to  undergo  calci- 
fication and  ossification. 

Fibromata  may  grow  from  either  the  periosteum  or  the  medulla. 
Their  most  common  seat  is  in  the  periosteum  of  the  bones  of  the  head  and 
face.  They  are  apt  to  form  polypoid  tumors  projecting  into  the  posterior 
nares,  pharynx,  mouth,  and  antrum  of  Highmore.  Central  fibromata, 
i.e. J  those  growing  from  the  medulla,  are  rare.  They  usually  occur  in 
the  lower  jaw,  but  have  been  found  in  the  ends  of  the  long  bones,  the 
phalanges  of  the  fingers,  and  the  vertebra?.  The  fibromata  may  calcify 
or  ossify,  contain  cysts,  and  not  infrequently  occur  in  combination  with 
sarcoma. 

Myxomata  are  of  occasional  occurrence  in  bone. 

Osteomata. — New  formations  of  bone  as  a  result  of  inflammatory  proc- 
esses are,  as  we  have  already  seen,  of  frequent  occurrence  in  bone,  and 

although  not,  strictly  speaking,  tumors,  some  of  their  forms  are  very 
closely  allied  to  them,  and  they  may  therefore  be  conveniently  mentioned 
here.  New  growths  of  bone  w^hich  arise  from  the  surfaces  are  called 
cvostoses  (see  Fig.  616)  or  enostoses^  according  to  their  origin  from  the 
external  surface  or  from  the  interior  of  the  bone.  They  may  contain  all 
the  constituents  of  normal  bone:  bone,  medulla,  vessels,  periosteum, 
and  cartilage.  The  new  bone  may  be  compact  and  like  ivory,  or  spongy, 
or  contain  large  cavities  filled  with  marrow. 

The  shape  of  exostoses  varies  greatly;  they  may  be  in  the  form  of 
sharp,  narrow  spicula  and  processes,  and,  occurring  in  connection  with 
periostitis,  are  called  osteophytes.  They  may  be  polypoid  in  shape,  or 
form  rounded  tumors  with  a  broad  base.     They  may  form  a  general 
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enlargement  of  the  bone  with  much  roughening  of  the  surface;  this  con- 
dition is  often  called  hyperostosis. 

The  bone  beneath  these  new  growths  may  be  normal,  or  sclerosed,  or 
rarefied,  or  the  medullary  cavity  of  the  bone  may  communicate  with  that 
of  the  exostosis.  Exostoses  are  usually  developed  from  the  periosteum, 
sometimes  in  the  insertion  of  tendons  and  ligaments.  They  are  very 
frequently  multiple,  and  may  occur  at  all  ages,  even  during  uterine  life. 

Enostoses  are  developed  in  the  interior  of  bones  from  the  medulla. 
They  may  increase  in  size,  with  absorption  of  the  surrounding  bone,  un- 

til they  project  from  the  surface  like  exostoses.  Their  most  frequent 
situation  is  in  the  bones  of  the  cranium  and  face. 

Chondromata. — These  tumors  may  be  single  or  multiple,  and  most  fre- 
quently grow  from  the  interior  of  the  bone,  but  sometimes  from  the 

periosteum.  They  are  prone  to  form  various  combinations  with  other 
forms  of  tumors,  as  fibroma,  myxoma,  sarcoma,  etc.  They  are  frequently 
congenital,  and  are  most  common  in  young  people.  They  occur  most 
frequently  in  the  bones  of  the  hand  and  foot. 

There  is  a  form  of  chondroma,  called  osteoid  chondroma,  which  de- 
velops beneath  the  periosteum,  most  frequently  in  the  femur  and  tibia 

near  the  knee-joint,  forming  a  club-shaped  enlargement  of  the  bone.  The 
characteristic  of  the  tissue  composing  these  tumors  is  that  it  resembles 
somewhat  the  immature  bone  tissue  which  is  seen  beneath  the  periosteum 
in  developing  bone.  It  differs  from  cartilage  in  the  irregular  shape  of 
its  cells,  in  the  fibrillation  and  density  of  the  basement  substance,  and  in 
its  general  vascularity.  On  the  other  hand,  it  has  not  the  inorganic  con- 

tents or  appearance  of  true  bone.  It  resembles  considerably  the  callus 
tissue  forming  about  fractures  of  the  bones.  It  may,  however,  and  most 
frequently  does,  become  converted,  in  some  parts  of  the  tumor,  into  true 
bone.  On  the  other  hand,  combinations  with  sarcomatous  tissue  are  of 
frequent  occurrence  (see  below). 

Sarcoma  is  especially  common  in  the  bones.  It  grows  from  the  inner 
layers  of  the  periosteum  or  from  the  medulla,  so  that  we  may  distinguish 
a  periosteal  and  a  myelogenic  sarcoma.  Sometimes  the  tumor  involves  the 
bone  itself  so  early  that  it  is  impossible  to  say  whether  the  tumor  began 
in  the  periosteum  or  in  the  medulla.  There  is  also  a  variety  which  grows 
close  to  the  outside  of  the  periosteum  and  becomes  connected  with  it — 
parosteal  sarcoma. 

The  periosteal  sarcomata  usually  belong  to  the  varieties  fibro-,  myxo-, 
chondro-,  and  osteo-sarcoma,  more  rarely  to  the  medullary  variety. 
They  commence  in  the  inner  layers  of  the  periosteum,  pushing  this  mem- 

brane outward.  After  a  time  the  periosteum  is  involved  and  the  tumor 
invades  the  surrounding  soft  parts.  The  bone  beneath  may  remain  nor- 

mal, or  may  be  eroded  and  gradually  disappear  until  the  tumor  is  con- 
tinuous with  the  medulla.  Portions  of  the  tumor  may  be  calcified,  or  a 

growth  of  new  bone  may  accompany  its  growth.  The  new  bone  usually 
takes  the  form  of  plates,  or  spicula,  radiating  outward  (Fig.  631).  The 
minute  structure  of  these  tumors  is  very  variable.  The  simplest — the 
fibro-sarcomata — are  composed  of  fusiform,  round,  stellate,  and  some- 
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times  giant  cells  (myeloplaxes),  in  varying  proportions,  packed  closely 
in  a  fibrous  stroma.  In  the  medullary  form  the  stroma  is  diminished 
to  a  minimum  and  the  round  cells  are  most  numerous.  In  the  ehondro- 

and  myxo-sarcoma  the  basement  substance  may  be  hyaline  or  mucous, 
and  the  cells  follow  the  type  of  cartilage  and  mucous  tissue  more  or  leas 
closely.  There  is  a  mixed  form  of  tumor,  called  osteoid  sarcoma,  which 
is  very  apt  to  spread  and  to  form  metastases.  The  growth  consists  in 
part  of  tissue  corresponding  to  fibro-sarcoma  and  round-celled  sarcoma. 
In  addition  to  this  there  occurs,  in  greater  or  less  quantity,  immature 
bone  tissue,  called  osteoid  tissue,  which  may  in  part  become  calcified,  the 
calcification  usually  occurring  in  the  central  portions,  leaving  a  softer 
peripheral  zone.  This  form  of  tumor  is  most  apt  to  occur  at  the  ends 
of  the  long  bones,  and  may  form  tumors  of  large  size.     It  is  often  called 

on  account  of  its  tendency  to  extend  and  to  form  metastases,  malignant 

osteoma  or  osteoid  cancer.  Angio-sarcomata  are  of  frequent  occurrence 
in  bone. 

Sarcomata  may  originate  in  the  medulla — myeloid  sarcoma — and 
may  grow  rapidly.  The  bone  surrounding  them  is  destroyed  and 
they  project  as  rounded  tumors.  Most  frequently  new  bone  is  formed 
beneath  the  periosteum,  so  that  the  tumor  is  enclosed  in  a  thin,  bony 

shell  (t'ig.  632);  sometimes  there  are  also  plates  of  bone  in  the  tumor; 
sometimes  the  periosteum  is  unaltered;  sometimes  it  is  perforated  and  the 
tumor  invades  the  surrounding  soft  parts.  The  tumors  are  frequently 
very  soft,  vascular,  and  luemorrhagic  in  parts,  or  may  enclose  cysts  filled 
with  tumor  detritus  and  blood.  They  are  usually  of  the  spindle-  or 
round-celled  variety,  and  not  infrequently  contain  giant  cells. 

Sarcomata  may  originate  in  the  outer  layers  of  the  periosteum — par- 
osteal.  They  may  be  as  firmly  connected  with  the  bone  as  is  the  peri- 

osteal form.  The  periosteum  may  remain  intact  between  the  tumor  and 
the  bone,  or  it  may  disappear  and  leave  them  in  apposition.  Endo- 
theltoma  of  bone  is  not  uncommon.     Lipoma  is  rare. 
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Myeloma. — Under  this  name  is  included  a  peculiar  group  of  tumors, 
which,  while  they  renemble  the  sarcomata  in  many  respects,  are  distinct 
from  them  in  their  histoRenetic  relationships;  that  is,  they  are  derived 
from  the  special  ceils  of  the  bone  marrow,  and  not  from  the  periosteum. 
These  tumors  are  usually  multiple,  appearing  simultaneously  in  many 

parts  of  the  bony  structures.'     They  form  grayi.sh  or  reddish  masses  in 
the  spongy  bone  or  in  the  medullary  canal 
and  as  they  grow  excite  active  resorption 
of  the   bone.      Spontaneous  fractures  are 
frequent   and   bending  of  the  bone  from 
loss    of    lime    salts    is    occasionally    seen. 
Metastases  in  other  organs  are   extremely 

rare.     Another  interesting  point  is  the  pres- 
ence  in  the  urine  in  many  of  these  cases 

of  a  peculiar  proteid  called  Benee  Jones' 
proteid,  which  coagulates  on  heating,  and 
dissolves  on  further  heating  in  the  boiling 
liquid,  only  to  reappear  again  as  it  cools. 
This  proteid  is  not  absolutely  characteristic 
of  myeloma  as  it  has  also  been  found  in 
some  of  the  leuluemias. 

Microscopically,  the  tumors  are  com- 
posed of  three  varieties  of  cells:  myelo- 

cytes, or  myeloblasts,  red  cells,  and  plasma 
ceils.  In  the  first  type  of  tumor,  which 
may  very  well  be  designated  myelocytoma, 
the  cells  are  large,  with  oval  or  irregular 

nuclei,  and  many  of  them  show  character- 
istic granulations  of  the  neutrophile  my- 

elocytes. Tumors  formed  largely  of  red 
cells  (erythrocytoma  or  erythroblastoma) 

are  extremely  rare,^  while  new  growths 
largely  composed  of  plasma  cells  are  the 
most  frequent  variety.  In  such  cases  the 
plasma  cells  often  appear  in  the  circulating 
blood  during  life. 

Angioma. — .\  very  large  number  of  the 

Fio  fl'!"— M  ELor.ENic  s  tumors  which  have  been  described  under 

'uf  THE  stehnvm.  this  name  are  really  very  vascular  sarco- 
mata. Cavernous  angiomata  may  form 

between  the  periosteum  and  bone  and  be  intimately  connected  with  the 
latter.  There  are  several  cases  described  of  cavities  filled  with  blood  in 

the  interior  of  bones,  which  it  is  difficult  to  interpret.  They  have 
mostly  been  found  in  the  head  of  the  tibia.  They  are  said  to  have 
consisted  of  single  sacs  composed  of  thickened  periosteum,  lined  with 
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plates  of  bone,  and  filled  with  fluid  and  clotted  blood.  No  large  vessels 
communicated  with  the  sacs,  but  their  walls  were  covered  with  a  rich 
vascular  plexus,  branches  of  which  opened  into  the  cavity  of  the  sac. 

Carcinoma. — Primary  carcinoma  is  of  doubtful  occurrence  in  the 
bones.  Most  of  the  structures  thus  named  have  doubtless  been  sar- 

comata or  endotheliomata.  Secondary  carcinoma,  on  the  other  hand, 

as  a  result  of  metastases  or  local  extension,  is  not  infrequent.  Metas- 
tatic carcinoma  may  occur  in  the  bones  of  various  parts  of  the  body 

at  the  same  time,  and  are  most  apt  to  be  secondary  to  carcinoma  of  the 
mamma. 

Cysts. — These  most  frequently  occur  in  the  maxillary  bones  (p.  415) 
in  connection  with  the  teeth.  They  may  be  unilocular  or  multilocular, 
and  contain  clear  serum  or  a  mucous  or  brown  fluid,  and  sometimes 

cholesterin.  They  may  be  lined  with  epithelium.  They  begin  in  the  in- 
terior of  the  bone,  and,  as  they  increase  in  size,  expand  it  until  they  may 

be  covered  with  only  a  thin  shell  of  bone.  They  may  reach  a  large  size, 

even  as  large  as  a  child's  head. 
Dermoid  cysts  are  occasionally  found  in  connection  with  the  bones, 

particularly  of  the  skull.  ̂  

The  Joints. 

For  a  description  of  the  dislocations,  misplacements,  and  injuries  of 
the  joints  we  refer  to  works  on  surgery. 

DEGENERATION. 

Fatty  degeneration  of  the  cartilage  cells,  mucous  degeneration,  and 
fibrillation  of  the  stroma  with  softening,  and  often  roughening,  of  the 
joint  surfaces,  calcification  and  amyloid  degeneration,  may  occur  in 
inflammation,  or  as  a  senile  alteration,  or  under  other  conditions.  The 
cartilage  is  usually,  under  these  conditions,  whiter  and  more  opaque 
than  normal. 

INFLAMMATION.     (Arthritis.) 

Exudative  Arthritis. — The  earlier  stages  of  acute  inflammation  of  the 
synovial  membranes  are  better  known  from  experiments  on  animals  than 

from  post-mortem  examinations.  Among  the  early  changes  are  sw^elling 
and  congestion  of  the  membrane,  with  increased  growth  and  desqua- 

mation of  the  lining  cells,  and  infiltration  of  the  membrane  with  lymphoid 
cells.  These  conditions  are  soon  followed  by  an  exudation.  The  exact 
origin  of  much  of  the  exudate  is  not  clear. 

In  Serous  Arthritis  the  accumulation  of  serum  wnthin  the  synovial  sac 
is  the  most  prominent  lesion.  The  disease  may  terminate  in  recovery,  or 
become  chronic,  or  pass  into  the  suppurative  form.     It  may  be  incited 

1  For  a  rdsum^  and  bibl.  of  the  pathology  of  bone  see  Schmidt  in  LubaiBch  and  Oatertag's  "Ergeb- 
nisse,"  Jahrg.  iv.,  for  1897.  p.  531;  also  Jahrg.  v.  for  1898,  p.  895. 

For  a  r^sunU  of  cysts  of  bone  see  Bloodgood,  Progressive  Med.,  vol.  vi.,  p.  181,  1904. 
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by  contusions,  penetrating  wounds,  gonorrhoea,  rheumatism,  or  it  may 
occur  without  evident  cause. 

Sero-fibrinous  Arthritis  may  occur  under  the  same  conditions  as  those 
which  lead  to  simple  serous  inflammation.  The  fibrin  may  be  present 
largely  as  flocculi  in  the  serum,  or  it  may  form  false  membranes  over  the 
surfaces  of  the  joint. 

Suppurative  Arthritis  may  follow  or  be  associated  with  the  above  forms 
of  inflammation.  The  synovial  membrane  is  thickened  and  cloudy,  and 
there  may  be  but  a  moderate  amount  of  pus  in  the  joint,  and  a  slight 
degree  of  infiltration  of  the  synovial  membrane  with  pus  cells.  Under 
these  conditions  resolution  may  occur. 

In  other  cases  the  accumulation  of  pus  in  the  cavity  may  be  great, 
the  synovial  membrane  and  its  surrounding  tissue  densely  infiltrated 
with  pus  cells.  Under  these  conditions  granulation  tissue  is  apt  to 
form  and  the  cartilages  of  the  joints  are  apt  to  become  involved.  There 
are  swelling  and  proliferation  or  degeneration  of  the  cartilage  cells;  the 
basement  substance  becomes  disintegrated,  ulcerates,  and  exposes  the 
bone,  in  which  osteitis,  caries,  rarefaction,  etc.,  may  occur.  The  new- 
formed  granulation  tissue  may  penetrate  the  cartilage,  absorbing  the  base- 

ment substance,  and  by  metaplasia  the  cartilage  tissue  may  be  converted 
into  embryonal  or  granulation  tissue.  The  pus  may  break  through 
the  capsule  of  the  joint  and  form  large  abscesses  in  the  adjacent  soft 
parts.  Sometimes  the  inflammation  is  not  only  suppurative  but  gan- 

grenous, and  runs  a  rapidly  fatal  course.  The  synovial  membrane,  artic- 
ular cartilages,  and  ends  of  the  bone  all  undergo  a  rapid  suppuration 

and  gangrene.  Acute  arthritis  may  be  incited  by  trauma,  or  it  may 

be  associated  with  pyaemia,  smallpox,  measles,  scarlet  fever,  pneumonia,^ 
gonorrhoea,^  diphtheria,  mumps,  typhus  fever,  glanders,  the  puerperal 
condition,  or  other  infectious  diseases.  In  these  cases  the  process  is  apt 
to  be  suppurative,  and  is  induced  by  various  forms  of  bacteria. 

Chronic  Arthritis  may  begin  as  such,  or  it  may  be  the  result  of  previous 
acute  inflammation.  There  is  an  increase  of  fluid  in  the  joint.  This 

fluid  is  thin  and  serous,  or  is  thickened  with  flocculi  of  fibrin  and  epi- 
thelial and  lymphoid  cells,  or  is  thick,  syrupy,  or  even  gelatinous.  The 

synovial  membrane  is  at  first  congested,  its  tufts  are  prominent.  Later  it 
becomes  thickened,  sclerosed,  and  anaemic;  the  lining  cells  are  destroyed, 
and  the  tufts  become  large  and  projecting.  From  the  distention  of  the 

capsule  there  may  be  subluxations  or  luxations  of  the  joint,  or  the  cap- 
sule may  be  ruptured. 

Rheumatic  Arthritis. — An  acute  inflammation,  usually  exudative  in 
character  and  involving  one  joint  after  another,  is  characteristic  of  acute 
articular  rheumatism.     The  exudate  is  usually  serous. 

A  chronic  form  of  so-called  rheumatic  arthritis  is  most  common  in 

elderly  persons,  usually  aff'ecting  several  joints  and  advancing  slowly  and 
steadily.  There  is  a  fibrous  thickening  of  the  synovial  membrane  and 
the  adjacent  tissue.     Fluid  accumulations  are  not  common.     The  artic- 

'  For  bibliography  of  pneumococcic  arthritis  see  Cave,  Lancet,  1901,  vol.  i.,  p.  82. 
2  See  bibliography,  p.  223. 
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ular  cartilages  are  apt  to  degenerate  or  ossify,  or  become  softened  and 

fibrillated,  and  they  may  disappear.  The  contracting  synovial  mem- 
branes and  fibrous  tissue  render  the  joints  stiff  and  may  cause  consider- 

able deformity.  Not  infrequently  fibrous  and  bony  ankyloses  are  formed 
between  the  ends  of  the  bones. 

Arthritis  Deformans. — This  name  has  been  applied  to  a  variety  of 
chronic  inflammation  of  the  joints  which,  combined  with  degeneration  of 
parts  of  the  joint  and  the  new  formation  of  bone,  may  result  in  marked 
deformities  of  the  part. 

It  usually  occurs  in  elderly  persons  and  is  apt  to  involve  several 

joints,  most  frequently  the  hip,  knee,  fingers,  and  feet.  It  may  be  idio- 
pathic, or  due  to  rheumatism  or  to  injuries,  or  follow  an  acute  arthritis. 

The  capsules  of  the  affected  joints  are  thickened  and  sclerosed.  The 
synovial  fluid  is  at  first  increased  in  quantity;  later,  diminished  and 
thickened.  The  tufts  of  the  synovial  membrane  become  much  enlarged 

and  vascular;  they  may  be  converted  into  cartilage.  Sometimes  the  cap- 
sule becomes  ossified.  The  new  bone  grows  from  the  edge  of  the  carti- 
lage within  the  capsule  and  its  articular  surface  is  covered  with  cartilage. 

The  articular  cartilages  are  much  changed.  The  basement  substance 
splits  into  tufts,  while  the  cartilage  cells  are  increased  in  number.  Or 
the  basement  substance  becomes  fibrous;  or  it  is  split  into  lamellae  and 
the  cartilage  cells  are  multiplied;  or  there  are  fatty  degeneration  and 
atrophy. 

As  a  result  of  these  changes,  larger  or  smaller  portions  of  the  cartilage 
are  destroyed  and  the  bone  beneath  is  laid  bare.  The  exposed  bone  may 
become  compact  and  of  an  ivory  smoothness.  The  ends  of  the  bones  are 
much  deformed.  They  are  flattened  and  made  broader  by  irregular  new 
growths  of  bone,  while  at  the  same  time  they  atrophy.  The  new  growth 
of  bone  starts  from  the  articular  cartilages.  The  cartilage  cells  increase 
in  number  and  the  basement  substance  grows  in  quantity.  This  growth 
is  most  excessive  at  the  edge  of  the  cartilage,  so  that  a  projecting  rim  is 
formed  there.  This  projecting  rim  may  ossify  next  the  bone,  and  at  the 
same  time  new  cartilage  may  form  on  its  surface,  so  that  we  may  find 
large  masses  of  bone  covered  with  cartilage.  All  these  changes  occur  in 

various  combinations  and  sequences,  so  that  joints  in  this  condition  pre- 
sent the  greatest  variety  of  appearances.^ 

Arthritis  Uritica  (Gouty  Arthritis). — This  lesion  is  characterized  by  the 
deposit  of  salts  of  uric  acid  in  the  cartilages,  bones,  and  ligaments,  and 
also  in  the  cavities  of  joints.  The  deposits  may  be  in  the  form  of  stellate 
masses  of  acicular  crystals  in  and  about  the  cartilage  cells  or  in  the  base- 

ment substance;  or  they  may  be  deposited  in  the  fibrillar  connective- 
tissue  structures  of  the  joint  in  single  crystals,  or  in  the  subcutaneous 
tissue  about  the  joint  as  white  concretions.  The  deposits  may  occur  in 
repeated  attacks  of  the  disease,  and  are  accompanied  by  acute  inflam- 

matory changes.  They  may  lead  to  various  forms  of  chronic  inflamma- 
tion of  the  joints. 

'  For  a  valuable  study  of  arthritis  deformans  see  Nichols  and  Richardson,  Jour.  Med.  Res.,  xxi  , 
149,  1909. 
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Tuberculous  Arthritis. — This  process  may  commence  in  the  synovial 
membrane  of  the  joint,  or  may  extend  to  the  joint  from  adjacent  bone. 
It  is  characterized  by  the  formation  of  tubercle  tissue  and  granulation 
tissue,  sometimes  in  great  quantity,  and  is  usually  associated  with  second- 

ary inflammatory  and  degenerative  changes  of  surrounding  parts. 
According  to  the  prominence  of  one  or  other  of  these  secondary  altera- 

tions, several  forms  of  tuberculous  arthritis  may  be  distinguished.  If 
there  is  an  excessive  growth  of  granulation  tissue  without  much  suppura- 

tion, this  constitutes  a  fungous  form.  Sometimes  there  is  extensive 
suppuTatioriy  so  that  the  cavity  of  the  joint  may  be  filled  with  pus,  w^hich 
may  be  discharged  through  openings  in  the  skin;  or  there  may  be  more 
or  less  extensive  formation  of  abscesses,  or  infiltration  of  the  soft  parts 
about  fhe  joint  with  pus.  In  other  cases  there  is  disintegration  of  the 
new-formed  tuberculous  tissue  and  of  the  tissues  of  the  joint — ulcerative 
form.  The  cartilage  basement  substance  may  become  split  into  frag- 

ments and  the  cells  degenerate,  ̂ nd  thus  deep  and  destructive  ulcers 
of  the  cartilage  may  be  formed.  Or  the  new  tissue  may  work  its  way 
through  the  cartilage  into  the  bone  beneath,  by  absorption  of  the  base- 

ment substance  of  the  cartilage,  w4th  or  without  proliferation  of  its  cells. 
Caries  and  necrosis  of  the  underlying  bone  may  lead  to  extensive  de- 

struction. Hand-in-hand  with  these  alterations  subperiosteal  new 
formation  of  bone  may  occur,  or  sclerosis  of  the  adjacent  bone  tissue. 
There  may  also  be  a  great  increase  of  fibrous  tissue  about  the  joint. 
The  type  of  lesion  depends  in  considerable  degree  upon  the  joint 
involved. 

This  disease  is  most  common  in  children  and  young  persons.  The 
so-called  scrofulous  diathesis  is  said  to  foster  it,  but  local  injuries  are 
frequently  the  predisposing  factors.  It  is  most  common  in  the  large 
joints.  It  may  occur  in  connection  with  tuberculous  inflammation  in 
other  parts  of  the  body,  but  it  is  frequently  quite  local,  and  may  remain 
so  for  a  very  long  time  or  permanently,  since  general  infection  from  tuber- 

culous arthritis  is  comparatively  infrequent. 
The  process  is  usually  slow,  and  may  end  in  death.  If  recovery  takes 

place  before  the  cartilages  and  bones  are  involved,  the  topography  of  the 
joint  is  maintained;  but  it  may  be  stiffened,  or  even  immovable,  from 
the  contraction  of  the  new  fibrous  tissue  around  it.  If  the  cartilages  and 
bones  are  diseased  the  joint  is  destroyed,  and  either  bony  or  fibrous 
ankylosis  results.  Sometimes,  from  the  change  in  the  articulating  sur- 

faces and  the  contraction  of  the  muscles  and  the  new  fibrous  tissue, 
partial  or  complete  dislocations  are  produced. 

Occasionally  miliary  tubercles  occur  in  the  synovial  membranes  in 
cases  of  general  miliary  tuberculosis,  with  but  little  accompanying  simple 
inflammatory  change. 

TUMORS. 

Secondary  tumors  of  the  joints  as  a  result  of  local  extension  from  the 
adjacent  parts  are  not  uncommon,  and  the  tumors  may  be  of  various 
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kinds.     Primary  tumors  of  the  joints,  on  the  contrary,  are  not  very 
common. 

Lipoma. — A  new  growth  of  fat  tissue  may  begin  in  the  other  portions 
of  the  synovial  membrane,  push  this  inward,  and  project  into  the  joint 

in  a  mass  of  tufts — lipoma  arborescens. 
Fibroma  occurs  as  a  hypertrophy  of  the  little  tufts  and  fringes  of  the 

synovial  membrane.  In  this  way  large  polypoid  and  dendritic  bodies 
are  formed.  The  pedicles  of  these  growths  may  atrophy  and  even  dis- 

appear, so  that  the  growths  are  left  free  in  the  cavities  of  the  jointa. , 

Corpora  aliena  Articulorum  (Loose  Cartilages  in  the  Join1p);i-^This 
name  is  given  to  bodies,  of  various  structure  and  origin,  which  are  found 
free  or  attached  by  slender  pedicles  in  the  cavities  of  the  joints.  They  are 
most  frequently  found  in  the  knee;  next  in  order  of  frequency,  in  the 
elbow,  hip,  ankle,  shoulder,  and  maxillary  joints.  They  may  be  single 

or  in  hundreds.  Their  size  varies  from  that  of  a  pin's  head  to  that  of 
the  patella.  They  are  polypoid,  rounded,  egg-shaped,  or  almond- 
shaped;  their  surface  is  smooth  or  faceted,  or  rough  and  mulberry-like. 
They  are  composed  of  fibrous  tissue,  cartilage,  and  bone  in  various 
proportions. 

These  bodies  are  formed  by  hyperplasia  of  the  synovial  tufts  and 
the  production  in  them  of  cartilage  and  bone. 

More  frequently  the  small  plates  of  cartilage  form  on  the  inner  surface 
of  the  synovial  membrane,  which  increases  in  size  while  their  outer  layers 
ossify.  These  may  remain  fixed  in  the  synovial  membrane ;  or  they  pro- 

ject and  become  detached  from  it,  and  they  then  appear  as  flattened, 
concave  bodies  composed  of  bone  covered  with  cartilage  on  one  side. 

On  the  other  hand,  cartilage  and  bone  may  form  outside  the  synovial 
membrane  from  the  periosteum  or  the  edges  of  the  articular  cartilages, 
and,  pushing  inward,  may  later  become  detached. 

Rarely  portions  of  the  articular  cartilages  may  be  detached  by  vio- 
lence or  disease;  or  fibrinous  and  other  concretions  may  form  in  arthri- 

tis, or  under  conditions  which  we  do  not  understand.* 

^For  a  detailed  consideration  of  lesions  of  the  bones  and  joints  consult  Ziegler,  "Lehrbuch  der 
Pathologie,"  vol.  ii. 



CHAPTER  XIV. 

THE  NERVOUS  SYSTEM. 

The  Membranes  and  the  Ventricles. 

The  Dura  Mater  Cerebralis. 

The  dura  mater  is  a  dense  connective-tissue  membrane  which  serves  the  double 
purpose  of  a  periosteum  for  the  inner  surface  of  the  cranial  bone«,  and  of  an  investing 
membrane  for  the  brain.  It  is  itself  but  poorly  supplied  with  blood-vessels,  but  it  con- 

tains the  large  venous  sinuses  which  carry  the  blood  from  the  brain.  Lesions  of  the 
dura  mater,  therefore,  are  apt  to  be  associated  with  lesions  of  the  cranial  bones,  of  the 
pia  mater,  or  of  the  venous  sinuses. 

In  young  children  the  dura  mater  adheres  closely  to  the  inner  surface  of  the  cranial 
bones,  in  adults  it  is  more  readily  detached,  and  in  old  persons  it  is  again  more  adher- 

ent. Chronic  inflammation  of  the  external  layers  of  the  dura  mater  also  renders  it 
more  adherent  to  the  bones. 

HiEMORRAGE. 

Extravasated  blood  may  lie  between  the  dura  mater  and  the  cranial 
bones,  in  the  substance  of  the  membrane,  or  between  the  dura  mater  and 
the  pia  mater. 

Haemorrhages  between  the  dura  mater  and  the  cranial  bones  are  usu- 
ally due  to  blows  and  injuries  of  the  head,  are  often  of  considerable  size, 

separating  the  membrane  from  the  bones,  and  may  compress  the  brain. 
They  are  often  associated  with  laceration  of  the  brain,  and  with  haemor- 

rhages between  the  dura  mater  and  pia  mater. 
Hsemorrhages  between  the  dura  mater  and  the  pia  mater  may  take 

place  from  the  vessels  of  either  membrane.  Those  from  the  vessels  of 
the  dura  may  result  from  chronic  pachymeningitis. 

Haemorrhages  into  the  substance  of  the  dura  mater  are  not  frequent 
and  are  usually  small. 

Pressure  on  the  head  of  the  infant  in  delivery  may  cause  extravasa- 
tions of  blood  between  the  bones  and  the  dura  mater,  as  well  as  between 

the  bones  and  the  pericranium. 

THROMBOSIS. 

Thrombosis  of  the  venous  sinuses  is  not  uncommon.  It  is  often  associ- 
ated with  inflammation  of  the  dura  mater  and  with  injuries  and  inflam- 

mations of  the  brain  and  pia  mater,  of  the  cranial  bones,  of  the  middle 
ear,  and  of  the  scalp.  Like  thrombosis  in  other  parts  of  the  body,  it 
may  occur  in  the  infectious  and  exhausting  diseases.  It  may  occur  in 
apparently  healthy  persons  without  discoverable  cause.  The  thrombi 
may  be  red  or  white,  and  firm.     They  may  induce  no  secondary  changes, 

908 
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or  they  may  extend  into  the  veins  and  induce  hiemorihagic  softening  of 
the  involved  areas  of  the  brain. 

m^LAHHATIOII.     (Pacbymeningitis.) 

This  may  involve  the  external  layers  of  the  membrane,  pachymenin- 
gitis externa,  or  the  internal  layers,  ■pachymeningitis  interna.  It  may  be 

either  acute  or  chronic.  The  tissues  of  the  substance  of  the  dura  mater 

participate  to  a  greater  or  less  degree  in  these  changes,  but  the  chief 
lesions  are  upon  the  surfaces. 

Acute  Pachymeningitis  Externa  is  usually  secondary  to  injuries  or  dis- 
eases nf  the  cranial  bones;  thus  it  may  be  incited  by  fractures  of  the 

skull,  either  depressed  or  not,  osteitis,  caries,  suppurative  inflammation 
of  the  internal  and  middle  ear  and  of  the  mastoid  cells.     The  dura  mater 

Fia.  633.— Pac 

is  commonly  congested  and  swollen,  and  may  contain  small  ecch; 
The  inflammation  is  usually  suppurative,  and  pus  may  accumulate  be- 

tween the  membrane  and  the  bone,  or  in  the  substance  of  the  membrane. 
The  areas  of  inflammation  are  not  usually  extensive.  It  sometimes 
leads  to  thrombosis  of  the  venous  sinuses,  and  sometimes  gangrene  of  the 
dura  mater  occurs.  .  The  inflammation  may  extend  to  the  inner  surface 
of  the  dura  mater,  to  the  pia  mater  and  brain,  or  it  may  remain  localized 

and  undergo  resolution'. 
Acute  Pachymeningitis  Interna  may  be  secondary  to  inflammation  of 

the  external  surface,  or  it  may  occur  as  a  complication  in  pysemia,  puer- 
peral fever,  chronic  diffuse  nephritis,  in  the  exanthemata  and  erysip- 

elas, or  independently.  There  is  a  general  or  circumscribed  production 
of  fibrin  and  pus,  so  that  the  internal  surface  of  the  membrane  is  lined 
with  a  layer  of  soft,  yellow  exudate. 

Simple  Chronic  Pachymeningitis  consists  in  the  formation  of  new  con- 
nective tissue  in  the  dura  mater,  by  which  it  becomes  thicker  and  in 
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many  cases  abnormally  adherent  to  the  bones  of  the  skull.  This  thick- 
ening may  be  general  or  circumscribed,  and  may  involve  the  entire 

thickness  of  the  membrane.  Not  infrequently,  when  the  external  layers 
are  especially  involved,  firm  adhesions  to  the  skull  occur,  with  ossifi- 

cation of  the  outer  layers,  so  that  shreds  of  the  membrane  containing 
little  masses  of  bone  (osteophytes)  remain  sticking  to  the  skull  when 
the  membrane  is  stripped  off. 

Pach3rmeningitis  Interna  Haemorrhagica. — This  is  an  important  form 
of  chronic  inflammation  of  the  internal  layer  of  the  dura  mater,  character- 

ized by  the  formation  of  layers  of  new  delicate 
connective  tissue  with  numerous  very  thin-walled 
blood-vessels  from  which  the  blood  is  prone  to 
escape.  The  membrane  may  at  first  appear  as 
a  delicate  fibrinous  pellicle,  with  small  red  spots 
scattered  through  it,  or  it  may  look  like  a  simple 
reddish  or  brown  staining  of  the  inner  surface  of 

Fio.  634.-BRAIN  Sand  from     ̂ ^^^   ̂ ^^^.  ̂^^^^-       Microscopical    examination Pachtmeningitis  Interna.      shows  tlus   membrane  to  consist  of  numerous 

blood-vessels,  mostly  capillaries  with  very  thin 
walls,  which  may  be  distended  or  pouched,  and  which  have  grown  out 
from  the  vessels  of  the  dura  mater  (Fig.  033).  Between  the  vessels  is  a 
homogeneous  or  slightly  differentiated  basement  substance,  containing  a 
variable  number  of  spheroidal,  fusiform,  or  branching  cells.  Red  blood 

cells  in  variable  quantity,  blood  pigment  in  various  forms,  frequently  en- 
closed in  the  new  cells,  and  small  calcareous  concretions  (brain  sand)  (Fig. 

634),  also  lie  in  the  intervascular  spaces.  In  more  advanced  stages  the 
new  membrane  may  become  greatly  thickened,  its  outermost  layers  being 
changed  into  dense  fibrous  tissue  with  obliteration  of  the  vessels;  while 
the  more  recently  formed  layers  are  similar  in  structure  to  those  at  first 
developed.  Considerable  blood  usually  escapes  by  diapedesis  from  the 
vessels  of  the  new  membrane  in  all  stages  of  its  formation.  The  vessels 
are  also  very  liable  to  rupture,  giving  rise  to  extensive  haemorrhages 
either  into  the  substance  of  the  membrane  or  between  it  and  the  pia  mater. 
Sometimes  masses  of  new  tissue  and  blood,  from  half  an  inch  to  an  inch 
or  more  in  thickness,  are  formed  in  this  way,  greatly  compressing  the 
brain.  These  new  membranes  are  most  frequently  formed  over  the 
convexity  of  the  brain,  but  may  extend  over  nearly  the  entire  surface 
of  the  dura  mater.  Sometimes,  when  old,  the  entire  membrane,  densely 

pigmented  and  firm,  lies  loosely  beneath  the  dura  mater  without  com- 
pressing the  brain  or  giving  any  clinical  indication  of  its  presence.  The 

membrane  may  induce  chronic  changes  in  the  pia  mater,  with  or  without 
accompanying  changes  in  the  cortical  portion  of  the  brain. 

Rarely,  serum  accumulates  between  the  layers  of  the  new  membranes 
and  in  this  way  cysts  of  large  size  may  be  formed.  In  rare  cases  diffuse 
suppuration  of  the  entire  new  membrane  occurs. 

The  slighter  degrees  of  this  form  of  inflammation  may  occasion  no 

symptoms  during  life.  They  are  not  infrequently  found  in  persons  suf- 
fering from  various  chronic  brain  lesions  and  from  chronic  alcoholism, 
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but  they  may  occur  unassociated  with  complicating  lesions.  The  more 
advanced  forms  of  the  lesions  are  frequently  found  in  idiots,  epileptics, 
etc. 

Tuberculous  Pachjrmeningitis  may  occur  secondarily  to  that  form  of 
inflammation  in  the  pia  mater  or  the  bones,  or  as  a  part  of  general  miliary 
tuberculosis.  The  tubercles  mav  be  situated  on  either  surface  of  the 

membrane  or  in  its  substance,  and  may  be  single,  or  aggregated  forming 
large  masses. 

Syphilitic  Pachymeningitis  manifests  itself  by  the  formation  of  so-called 
gummy  tumors  upon  either  the  external  or  internal  surface  of  the  dura 
mater.  These  tumors  may  be  single  or  multiple,  and  vary  greatly  in 
size.  They  may  be  accompanied  by  simple  inflammatory  changes  in  the 
dura  mater  in  their  vicinity.  They  may  undergo  suppuration  with  the 
formation  of  abscess.  The  inflammation  may  extend  to  the  pia  mater, 
inducing  simple  or  syphilitic  meningitis  and  adhesions  between  the  dura 
mater  and  pia  mater.  The  gummata  may,  on  the  other  hand,  when 
occurring  on  the  outer  surface  of  the  membrane  cause  absorption  and 
perforation  of  the  bones  of  the  skull. 

TUMORS. 

Fibromata  and  lipomata  occur  rarely  in  the  dura  mater  and  are  of 
small  size. 

Small  chondromata  are  sometimes  found  connected  with  the  dura 
mater  at  the  base  of  the  brain. 

Osteomata. — In  addition  to  the  formation  of  osteophytes  in  chronic 
external  pachymeningitis,  plates  and,  more  rarely,  globular  masses  of 
bone  may  be  formed  in  the  dura  mater,  unconnected  with  the  bones 
of  the  skull.  They  are  most  frequently  found  in  the  falx  cerebri,  but 
may  occur  elsewhere.  The  new  bone  may  be  dense  or  loose  in  texture, 
and  usually  produces  no  symptoms. 

Endotheliomata.^ — These  tumors  may  grow  inward  or  outward,  caus- 
ing pressure  on  the  brain  or  absorption  and  perforation  of  the  bones;  they 

often  attain  considerable  size.  Some  of  these  tumors  somewhat  resemble 

certain  forms  of  epithelioma,  and  have  often  been  described  as  primary 
carcinomata.  They  vary  in  character,  being  sometimes  formed  of 
densely  packed  masses  of  flattened  cells  with  little  fibrous  stroma  (Fig. 
219),  sometimes  lobulated  with  considerable  dense  stroma  in  narrow  or 

broad  bands.  In  other  cases,  the  polyhedral  or  cuboidal  cells  are  con- 
spicuously grouped  around  blood-vessels.  Again,  the  cells  form  con- 

centric, densely  packed  masses,  either  around  vessels  or  around  a  central 
cell  group  (Fig.  220).  These  form  one  of  the  types  of  psammoma,  and 
the  concentric  borders  are  often  calcified. 

Sarcomata  are  the  most  common  tumors  of  the  dura  mater,  and  of 

these  the  spindle-celled  forms  are  of  more,  the  round-  and  polyhedral- 
celled  forms  of  less,  frequent  occurrence.     They  may  grow  from  either 

^  For  a  consideration  of  tumors  of  the  dura  mater  allied  to  the  endothelioma ta  consult  Dagond, 
Arch,  de  m6d.  exp.,  t.  iv.,  p.  361,  1892. 
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surface  of  the  membrane.  Some  of  the  round-  and  polyhedral-celled 
forms  are  soft  and  very  vascular,  and  are  apt  to  involve  the  neighboring 
pia  mater  and  brain  tissue,  or  the  bones  of  the  skull,  which  they  may 
perforate.  They  sometimes  project  through  the  opening  in  the  skull 
in  fungous,  bleeding  masses. 

Psammomata  are  small  globular  tumors,  often  multiple  and  pedicu- 
lated,  growing  from  the  inner  surface  of  the  dura  mater.  They  are 
usually  composed  of  tinsue,  fibrous,  sarcomatous,  or  endotheliomatous 
in  character,  and  contain  variously  shaped  calcareous  concretions  similar 

in  appearance  to  the  so-called  brain  sand'  (Fig.  635). 

The  Pla  Mater  Cerebralis 

General  Cbanictere  of  the  Pia  Hater. 

The  external  surface  of  the  brain  is  invested  by  a  cunnective-tissue  membrane 
which  covers  the  convolutions,  dips  down  into  the  sulci,  and  extends  into  the  ventricles. 
This  membrane  is  abundantly  supplied  with  blood-vessels,  and  from  it  numerous  ves- 

sels extend  into  the  brain,  so  that  any  disturbance  in  the  circulation  of  the  blood  in 
the  pia  mater  involves  a  disturbance  in  the  circulation  of  the  blood  in  the  brain  also. 

The  connective  tissue  which  makes  up  the  pia  mater  is  arranged  in  a  series  of 
membranes  and  fibres  reinforced  by  elastic  tissue,  so  arranged  as  to  form  a  spongy 
membrane  containinff  numerous  cavities  more  or  less  filled  with  fluid.  These  cavities 
are  continuous  with  the  perivascular  spaces  which  surround  the  vessels  that  pass 
from  the  pia  mater  into  the  brain.  The  outer  layers  of  the  pia  mater  are  the  most 
compact,  and  are  covered  on  their  outt<idc  surface  by  a  continuous  layer  of  endothelial 
cells.  This  external  layer  of  the  pia  mater  is  often  described  as  a  separate  membrane 
called  the  "  arachnoid."  but  it  is  really  only  part  of  the  pia.  The  deeper  layers  of  the 
pia  contain  the  blood-vessels.  The  membranes  and  fibres  which  compose  the  pia 
mater  are  partly  coated  with  cells  which  have  irregular  and  delicate  cell  bodies  and 
large,  distinct  nuclei. 

Along  the  borders  of  the  lonjtitudinal  fissure,  and.  more  rarely,  on  the  under  sur- 
face of  the  brain,  arc  a  number  of  small,  white,  firm,  irregular  Ijodics,  the  Pocchuinian 

bodies.  They  vary  in  siie.  number,  and  in  the  extent  of  the  surface  of  the  hemispheres 
which  they  cover.  They  may  perforate  the  dura  mater,  or,  more  rarely,  the  wall  of 
the  longitudinal  sinus,  and  may  produce  erosions  of  the  skull  bones.  They  are  com- 

posed of  fibrous  tissue  and  may  undergo  fatty  or  calcareous  degeneration.  We  are 
ignorant  as  to  their  origin,  and  as  to  the  causes  of  their  variations  In  size  and  number. 

'  For  »  Mu.ly  of  [wniumoma  ranault  tVnsl.  ■*  Velier  P  nmmomt."  in  Ziegkt'a  Beitrilge  lur  path. 
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The  frequency  of  their  occurrence,  and  the  absence  of  any  known  pathological 
significance,  warrant  our  regarding  them  as  essentially  normal  structures. 

The  pia  mater  is  frequently  thickened,  opaque,  and  white,  either  in  diffuse  patches 
or,  more  commonly,  along  the  course  of  the  vessels.  In  other  cases  single  or  multiple 

small  white  spots,  of  the  size  of  a  pin's  head  or  smaller,  may  be  seen  in  the  membrane, 
not  appreciably  elevated  above  the  surface,  but  due  to  localized  thickening.  These 
slight  opacities  of  the  pia  mater  are  commonly  believed  to  be  dependent  upon  repeated 
congestions  of  the  membrane  or  upon  chronic  meningitis,  but  there  is  no  evidence  that 
this  is  always  the  case.  They  are  most  frequently  found  in  old  persons,  but  may  exist 
at  any  age,  and  do  not  necessarily  indicate  the  pre-existence  of  disease. 

The  amount  of  blood  contained  in  the  vessels  of  the  pia  mater  after  death  varies 
greatly,  and  is  by  no  means  a  reliable  indication  of  the  amount  present  during  life.  In 
general  amemia  the  vessels  of  the  pia  mater  may  contain  little  blood,  but,  on  the  other 
hand,  they  sometimes  seem. to  contain  a  relatively  larger  amount  than  other  parts  of 
the  body.  In  oedema  of  the  brain  and  pia  mater  the  vessels  of  the  latter  may  contain 
but  a  small  amount  of  blood. 

(EDEMA. 

The  quantity  of  serum  beneath  the  pia  mater  and  infilttating  its 
tissue  is  very  variable  in  amount.  It  may  accumulate  as  a  result  of 
atrophy  of  the  brain  substance  or  of  venous  hyperaemia,  and  sometimes 
is,  and  sometimes  is  not,  accompanied  by  oedema  of  the  brain  substance. 
It  may  be  diffuse  or  localized.  It  is  not  infrequent  to  find  in  hospital 
patients  suffering  from  chronic  nephritis,  cardiac  or  pulmonary  disease, 
or  chronic  alcoholism,  a  very  considerable  amount  of  serum  in  this  situa- 

tion, though  the  patient  has  been  free  from  cerebral  symptoms.  In 
other  cases  a  serous  effusion  may  accompany  grave  cerebral  symptoms. 
It  is  necessary  to  be  very  careful  in  judging  of  the  importance  of  this 
accumulation  of  fluid,  especially  in  determining  the  cause  of  death  in 
the  absence  of  other  marked  lesions. 

It  should  always  be  borne  in  mind  that  an  accumulation  of  fluid 

beneath  the  pia  mater  and  in  its  meshes  may  occur  as  a  result  of  post- 
mortem changes. 

HYPEREMIA  AND  HiEMORRHAGE. 

Hyperaemia. — The  pia  mater  may  be  hypera^mic  in  early  stages  of 
meningitis,  in  delirium  tremens,  in  epileptic  convulsions,  in  infectious 
diseases,  and  in  poisoning.  It  may  be  due  to  the  pressure  of  exudates  or 
tumors  on  the  veins,  or  to  general  or  local  lesions  of  the  circulatory 
system.  The  time  which  elapsed  between  death  and  the  autopsy,  the 
position  in  which  the  body  has  lain,  the  coagulability  of  the  blood,  may 
have  an  important  bearing  upon  the  amount  and  situation  of  blood  in 
the  pia. 

Haemorrhage. — This  may  occur  either  into  the  space  between  the  dura 
mater  and  the  pia  mater — iniermenimjeal  hcemorrhage — or  in  the  meshes 
of  the  pia  or  between  the  latter  and  the  brain.  It  may  be  due  to  injury, 
to  rupture  of  aneurisms  or  otherwise  diseased  blood-vessels,  to  throm- 

boses of  the  venous  sinuses,  or  to  conditions  which  we  are  unable  to 
ascertain.     Hemorrhages  without  known  cause  not  infrequently  occur  in 

58 
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the  substance  of  the  pia  mater  in  young  children,  but  in  adults  they  are 
apt  to  be  the  result  of  injury.  Multiple  ecchymoses,  however,  in  the 

substance  of  the  pia  'mater  sometimes  occur  in  infectious  diseases  and 
also  in  acute  inflammation  of  the  pia  mater.  Haemorrhages  in  the  brain 
substance  may  lead  to  the  accumulation  of  blood  beneath  or  in  the 
meshes  of  the  pia  mater.  Intermeningeal  haemorrhage  in  infants  as  a 
result  of  injury  during  birth  is  not  uncommon.  Small,  or  sometimes 
considerable,  extravasations  of  blood  may  occur  from  diapedesis,  and 
sometimes,  as  a  result  of  chronic  congestion,  degenerated  blood  pigment 
collects  along  the  walls  of  the  vessels.  The  extravasated  blood  in  menin- 

geal haemorrhage,  if  small  in  quantity,  may  be  largely  absorbed,  leaving 
a  greater  or  smaller  accumulation  of  pigment  at  the  seat  of  the  haemor- 

rhage.    Such  pigmentations  may  last  for  a  long  time. 

mFLAMMATION.     (Meningitis— Leptomeningitis.) 

We  distinguish  acute,  chronic,  tuberculous,  and  syphilitic  meningitis. 
Acute  Meningitis  may  occur  as  the  characteristic  lesion  of  epidemic 

cerebro-spinal  meningitis;  it  is  a  not  very  infrequent  complication  of 
pneumonia,  typhus  and  typhoid  fever,  the  exanthemata,  and  of  chronic 
diffuse  nephritis;  it  may  be  secondary  to  injuries  and  inflammation  of 
the  cranial  bones,  of  the  dura  mater,  and  of  the  middle  ear,  and  it  some- 

times occurs  as  an  independent  infectious  process. 

In  acute  meningitis  the  inflammatory  process  is  apt  to  extend  down- 
ward and  involve  the  pia  mater  of  the  cord.  It  may  also  involve  the 

ependyma  of  the  ventricles,  and  cause  the  distention  of  these  cavities 
with  serum.  This  latter  condition  is  especially  frequent  in  young 
children. 

It  is  convenient  to  consider  two  varieties  of  acute  meningitis,  one  in 
which  there  is  cell  proliferation  with  little  or  no  exudate,  the  other  in 
which  exudate  is  present.  In  many  cases  at  least,  the  first  may  be  the 
early  stage  of  the  latter  form. 

1.  Acute  Cellular  Meningitis. — The  pia  mater  is  congested,  its 
surface  is  dry  and  lustreless,  and  it  is  somewhat  opaque.  The  changes 
in  the  gross  appearance  of  the  membrane  are  not  marked  and  are  easily 

overlooked,  but  the  minute  changes  are  more  decided.  There  is  a  pro- 
liferation of  the  endothelial  and  connective-tissue  cells  of  the  pia,  and 

often  a  moderate  collection  of  fluid  and  leucocytes  in  the  meshes  of  the 
pia.  This  cell  proliferation  may  involve  the  pia  mater  over  most  of  the 
surface  of  the  brain.  This  form  of  meningitis  is  of  frequent  occurrence 
and  is  attended  with  the  ordinary  clinical  symptoms  of  acute  meningitis. 

2.  Acute  Exudative  Meningitis  is  characterized  by  the  accumu- 
lation, chiefly  in  the  meshes  of  the  pia  mater  and  along  the  walls  of  the 

blood-vessels,  of  variable  quantities  of  serum,  fibrin,  and  pus.  Some- 
times one,  sometimes  another  of  these  preponderates,  giving  rise  to 

serous,  fibrinous,  or  purulent  forms  of  the  inflammation.  The  absolute 
quantities  of  the  exudations  also  vary  greatly.  In  some  cases  death 
may  occur  with  so  slight  a  formation  of  exudate  that  to  the  naked  eye 
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the  pia  mater  may  look  quite  normal  or  perhaps  only  moderately  hyper- 
semic  or  cedematoue;  the  microscope,  however,  in  these  cases  will  reveal 
pus  cells  in  small  numbers,  newly  formed  connective-tissue  cells  (Fig.  636 
and  Fig.  637),  and  sometimes  flakes  of  fibrin  in  the  meshes  of  the  pia  and 
along  the  walls  of  the  vessels.  In  other  cases  turbid  serum  in  the  meshes 
of  the  membrane  is  all  that  can  be  seen  and  the  microscope  shows  the 

turbidity  to  be  due  to  pus  cells  or  to  a  small  amount  of  fibrin.  Again, 
either  with  or  without  marked  cedema  of  the  pia  mater,  yellowish 
stripes  are  seen  along  the  sides  of  the  veins,  sometimes  appearing  like 
faint  turbid  streaks,  at  other  times  dense,  opaque,  thick,  and  wide,  and 
almost  concealing  the  vessels.  These  are  due  to  the  accumulation  of 
pus  cells  and  fibrin  in  large  quantities  along  the  ves.sels,  and  are  best 

seen  and  most  abundant  around  the  larger  veins  which  pass  over  the 
sulci.  In  still  other  cases  the  infiltration  with  pus  and  fibrin  is  so  dense, 
thick,  and  general,  that  the  brain  tissues,  convolutions,  and  most  of 
the  vessels  of  the  pia  mater  themselves  are  concealed  by  it.  This  pus  is 
usually  of  a  greenish  yellow  color,  and  is  sometimes  so  thick  as  to  form 
a  sort  of  cast  of  the  brain  surface  at  the  seat  of  the  lesion  (Fig.  038). 
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Sometimes  extravasated  red  blood  cells  are  mingled  with  the  other  exu- 
dations,  as  the  result  of  diapedesis.  Microscopi<:al  examination  shows 

numerous  white  blood  cells  sticking  in  the  walls  of  the  veins  and  capil- 
laries, or  the  vessels  may  be  blocked  with  them.  It  is  evident  that  a  large 

part  of  the  pus  cells  accumulate  as  the  result  of  emigration.  The 
connective-tissue  cells  of  the  pia  mater  may  be  detached  from  their 
places  or  degenerated.  The  en<lothelial  cells  and  other  connective- 
tissue  cells  may  proliferate.  In  some  cases  there  are  considerable  accu- 

mulations of  pus  between  the  pia  mater  and  the  brain  substance  and 
along  the  vessels  which  enter  the  latter.  More  rarely  pus  is  found  upon 

the  free  surface  of  the  membrane.     The  brain  substance  may  be  com- 

bload-vaiaels  of  pia,  around  which  iiui  cclbt  ure  colle'clAl  in  dcDH^  raa<w9. 

pressed  by  the  accumulate<l  exudate,  so  that  the  convolutions  are  flattened. 
The  cortical  portion  of  the  brain  may  be  simply  infiltrated  with  serum 

— oedematous — or  it  may  undergo  degenei'ative  changes,  or  it  may  be 
the  seat  of  punctate  haemorrhages.  Not  infrequently  the  inflammation 
extends  to  the  ventricles  which  may  contain  purulent  serum,  and  to  the 
pia  mater  of  the  cord.  This  form  of  inflammation  is  most  frequent  on 
the  convexity  of  the  brain,  but  may  extend  or  even  be  confined  to  the 

base.  It  may  be  localized,  but  frequently  extends  widely  over  the  sur- 
faces of  the  hemispheres. 

When  recovery  from  acute  exudative  meningitis  occurs  there  may  be 
fatty  degeneration  of  the  cells  which  have  accumulated  in  the  pia  mater, 
particularly  along  the  ves.sels  (Fig.  (>.39),  and  this  may  produce  white 
patches  in  the  membrane  and  threads  along  the  blood-vessels,  which 
resemble  the  appearance  of  an  accumulation  of  exudate  in  the  acute 
stage.  Fatty  degeneration  of  the  blood-vessels  and  cells  of  the  pia 
mater  may  also  occur  without  acute  inflammatory  changes. 

Sometimes,  in  children  and  young  adults,  inflammatory  changes  in 
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the  ventricles  persist  for  days  and  weeks  after  the  subsidence  of  the 
inflammation  of  the  pia  mater. 

For  a  discussion  of  the  bacterial  excitants  of  exudative  meningitis 

see  page  223.' 
Chronic  Meningitis. — The  entire  pia  mater  may  be  involved  or  the 

inflammation  may  be  confined  to  the  base  alone  (basilar  meningitis),  or  to 
the  convexity  alone,  or  to  circumscribed  patches  of  the  membrane.  The 
pia  mater  is  thickened  and  opaque,  the  thickening  being  sometimes  very 
considerable.  There  is  a  formation  of  new  connective  tissue  and  this 

may  be  associated  with  accumulation  of  pus,  fibrin,  and  serum;  the  rela- 
tive quantity  of  these  inflammatory  products  varies  in  different  cases. 

Firm  and  sometimes  extensive  adhesions  may  be  formed  between  the 
dura  mater  and  the  pia  mater.  Not  infrequently  the  cortical  portions 
of  the  brain  participate  in  the  process,  and  there  is  an  infiltration  of  small 

spheroidal  cells  around  the  blood-vessels,  thickening  of  the  walls  of  the 
vessels,  and  degenerative  changes  and  atrophy  of  the  nerve  tissue.  New 
connective  tissue  may  also  form  in  the  brain  substance,  which  may 
become  clo.sely  adherent  to  the  pia  mater.  The  ventricles  of  the  brain 
also  may  contain  an  increased  amount  of  scrum  and  may  be  dilated, 

the  ependyma  may  be  thickened  and  roughened.  This  form  of  inflam- 
mation may  be  the  result  of  injury  or  disease  of  the  cranial  bones,  or 

secondary  to  chronic  pachymeningitis  or  to  inflammation  of  tlie  brain 
substance.  It  may  occur  in  the  vicinity  of  tumors  of  the  brain  or  menin- 

ges. It  may  be  a  complication  of  chronic  diffuse  nephritis  or  the  result 

of  chronic  ak-oholic  poisoning.  It  may  occur  in  marked  form  in  general 
paresis  of  the  insane. 



918  THE    NERVOUS    SYSTEM 

Tuberculous  UenlngltlB. — This  ia  especially  characterized  by  the  for- 
mation in  the  pia  mater  of  miliary  tubercles,  associated  with  more  or  less 

well-marked  exudative  inflammation.  It  may  occur  in  adults  or  in 
children,  but  is  more  common  in  the  latter.  The  dura  mater  may  be 
unchanged,  or  its  inner  surface  may  be  sprinkled  with  miliary  tubercles. 
The  pia  mater  may  or  may  not  be  congested;  it  may  look  dry  on  the  sur- 

face or  it  may  be  cedematous.  Usually  the  brain  seems  to  fill  the  cere- 
bral cavity  to  an  unusual  degree,  and  the  convolutions  are  flattened.  If 

the  pia  mater  be  cedematous  the  serum  may  be  clear,  or  turbid  with  pug 
and  fibrin.  The  membrane  may  present  any  of  the  general  appearances 
of  exudative  meningitis,  but  always  in  addition  to  these,  and  sometimes 
without  them,  are  found  miliary  tubercles.  These  may  be  few  and  widely 
scattered,  or  present  in  great  numbers.  They  are  most  numerous  along 

the  blood-vessels,  but  may  occur  anywhere.  They  are  u.sually  abundant 
at  the  base  of  the  brain.  On  the  convexity  thoy  are  most  common  along 
the  surfaces  of  the  sulci.  Some  of  the  tubercles  are  so  small  as  to  be 

scarcely  visible  or  entiifly  invisible  to  the  naked  eye;  others  are  as  large 

as  a  pin's  head  or  larger.  They  may  be  formed  in  the  membranous 
prolongations  of  the  pia  mater  which  dip  into  the  sulci,  around  the  ves- 

Flo.  640.-MilJ*BY  Tubercle  or  the  Pi*  .Mateb  of  a  Child. 
There  in  an  Ana  of  CBsenlian  at  the  centre:  ob  Uie  rijtht  of  this  arc  two  «iant  eeOa:  thete  is 

sels  which  enter  the  brain  substance,  in  the  choroid  plexus  and  ependynia 
of  the  ventricles,  and  may  exist  in  the  spinal  cord. 

The  miliary  tubercles  have  the  usual  structural  characters  of  focal 
tuberculosis  in  connective  tissue  (Fig.  640). 

In  children  the  ventricles  are  usually  more  or  less  distended  by  an 

accumulation  of  transparent  or  turbid  scrum,  and  the  walls  of  the  ven- 
tricles may  be  studded  with  miliary  tubercles  (see  Fig.  G41).  In  adults 

the  ventricles  are  less  frequently  involved.  The  brain  tissue  around 
the  ventricles  is  often  softened.  The  central  canal  of  the  spinal  cord 
may  also  be  dilated.  It  is  the  dilatation  of  the  ventricles  which  causes 
the  flattening  of  the  convolutions,  and  the  flattening  is  usually  in  direct 
proportion  to  the  amount  of  accumulated  iiiiid, 

Owing  to  the  frequency  of  the  dilatation  of  the  ventricles  with  serum 
in  children,  the  disease  is  often  called  acute  hydroccphahis. 

In  both  children  and  adults  the  tuberculous  inflammation  may  pro- 
duce large  masses  of  tuberculous  tissue,  which  undergo  cheesy  degenera- 
tion, and  may  involve  the  brain  tissue. 

In  almost  all  cases  of  tuberculous  meningitis  there  is  tuberculous 
inflammation  in  other  parts  of  the  body. 
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Miliary  tubercles  in  the  choroid  of  the  eye  are  present  in  a  considerable 
proportion  of  eases. 

The  cortex  of  the  brain  may  be  hypenemic,  and  punctate  hjcmor- 
rhagea  may  be  present  in  the  cortex  and  in  the  pia  mater. 

Syphilitic  Meningitls.^In  this  form  of  inflammation,  which  is  usually 
circumscribed,  there  is  a  development  of  gummy  tumors  of  variable  size, 
frequently  associated  with  simple  inflammation  of  the  membrane,  either 
with  the  formation  of  serum,  fibrin,  and  pus,  or  with  the  development 

of  new  connective  tissue  and  conse(|uent  thickeninji  of  the  membrane. 
The  gummata  may  form  in  the  pia  mater  covering  the  convexity,  or  at 
the  base  of  the  brain.  They  may  grow  outward,  involving  the  dura 
mater;  or  inward,  encroaching  upon  or  involving  the  brain  tissue. 
Although  usually  circumscribed,  syphilitic  inflammation  may  occur  as 
a  diffuse  thickening  of  the  membrane.  The  syphilitic  nodules,  includ- 

ing the  gummata  and  new-formed  connective  tissue,  are  often  very 

small,  but  may  be  as  large  as  a  hen's  egg. 

Hfematoma. — In  chronic  pachymeningitis  of  long  standing  the  new 
connective  tissue  may  form  large,  flat  cysts  between  the  dura  mater  and 
the  pia  mater,  which  may  compress  the  surface  of  the  brain.  The  blood 
originally  contained  in  these  cysts  may  be  absorbed  and  replaced  by 
.ferum,  the  attachments  to  the  dura  mater  may  disappear,  and  the  whole 
appearance  becomes  that  of  an  indepentlent  cyst  between  the  dura  mater 
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and  the  pia  mater.  Fibroma,  lipoma,  myxoma,  chondroma,  and  osteoma. 
are  of  rare  occurrence. 

Endotheliomata. — These  tumors  are  of  not  infrequent  occurrence,  and 
may  grow  from  the  pia  of  the  cerebrum  or  cerebellum  or  from  the  choroid 
plexus.  They  may  be  single  or  multiple.  They  may  be  small  or  so 
large  as  seriously  to  compress  the  brain. 

Some  of  them  arc  composed  of  a  connective-tissue  stroma  which 
encloses  regular  spaces  filled  with  large,  fiat,  nucleated  cells.  These  may 
resemble  carcinoma.     Some  of  them  are  composed  of  a  connective-tissue 

stroma  which  forms  cavities  lined  with  cylindrical  epithelium.  In  such 
tumors  the  stroma  may  grow  so  as  to  form  papilla;  covered  with  cylin- 

drical epithelium;  or  in  addition  there  may  be  mucous  degeneration  of 
the  stroma.  In  some  of  them  there  is  a  connective-tissue  stroma  which 
contains  large  numbers  of  blood-vessels,  .\round  these  blood-vessels  are 
arranged  regular  masses  of  polyhedral  cells  (Figs.  642  and  643), 

In  some  endotheliomata  the  stroma  is  scanty.  The  cells  are  numer- 
ous, large,  flat,  and  arranged  in  little  globular  masses  or  nests  (Fig.  219). 

If  in  these  little  nests  there  is  a  deposition  of  the  salts  of  lime,  forming 

concretions  like  the  so-called  "brain  sand,"  the  tumor  is  called  a  "psam- 
moma."  Some  of  the  tumors  seem  to  be  formed  of  very  thin,  nucleated 
membranes  arranged  concentrically  like  the  layers  of  an  onion. 

Sonic  of  the  tumors  are  composed  of  balls  or  nests  of  large,  flat  cells, 

with  which  are  found  crystals  of  cholesterin — "cholesteatoma."' 
'  For  a,  cntipnl  review  ot  thrsw  and  other  pint  tumora,  wilb  bibliogni|jhy,  stx  Boilrorm,  Centibl.  f. 

aOt.  Pntb.  u.  path.  Anal..  Bd.  viii..  p.  1,  lSn7. 
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Sarcoma. — Tumors  belonging  to  the  ordinary  types  of  round-  and 
fusiform-celled  sarcoma,  and  of  myxo-sarcoma,  are  occasionally  found 
in  the  pia  mater. 

Cysts. — Small  cysts  are  often  found  in  the  choroid  plexus.  Rarely 

such  cysts  reach  a  larger  size,  even  as  large  as  a  pigeon's  egg. 
Cysts  of  the  pia  mater  containing  serum,  with  walla  and  septa  of  con- 

nective tissue,  and  compressing  the  brain,  have  been  described. 

A- 

C- Flo.  643.— EsDO 

Variously  shaped  pigment  cells  not  infrequently  occur  in  the  pia  mater 
either  scattered  or  sometimes  in  considerable  masses;  they  seem  to  have 
little  pathological  significance.  Not  infrequently  thin  plates  of  newly 
formed  bone  are  found  in  the  pia  mater,  associated  with  a  thickening  of 
the  membrane. 

PAKASITES. 

CysUcercus  has  been  observed  in  the  pia  mater. 

The  Dura  Hater  Spinalis. 
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HAEMORRHAGE. 

Hflpmorrhage  may  occur,  as  the  result  of  injury,  between  the  dura 
mater  and  periosteum^  or  it  may  occur  in  tetanus,  as  a  result  of  circula- 

tory changes  induced  by  muscular  spasm,  or  in  the  asphyxia  of  newborn 

children.  Small  haemorrhages  on  the  surfaces  of  the  membrane  may 
occur  as  the  result  of  inflammation. 

Serous  fluid  may  accumulate  outside  of  the  dura  mater  as  a  result  of 

post-mortem  changes,  or  in  connection  with  circulatory  or  inflammatory 
changes  in  the  membranes. 

INFLAMMATION.     (Pachymeniiigitis.) 

Acute  external  pachymeningitis  is  usually  secondary  to  disease  or 
injury  of  the  spinal  column,  and  may  result  in  collections  of  pus  between 
the  dura  mater  and  periosteum,  usually  most  abundant  posteriorly. 
Haemorrhagic  pachymeningitis  occurs  in  the  dura  mater  spinalis,  with  the 
formation  of  products  similar  to  those  observed  in  the  brain,  in  the 
chronic  insane,  and  in  drunkards.  Simple  chronic  pachymeningitis 
interna,  with  the  formation  of  new  connective  tissue  containing  brain 
sand,  is  not  infrequent.  The  new  tissue  may  form  minute  projections 
from  the  surface,  or,  when  more  abundant,  may  take  the  form  of  psam- 
momata.  Tuberculous  inflammation  of  the  dura  mater  spinalis  may 
occur  in  connection  with  tuberculous  meningitis,  or  be  secondary  to 
tuberculous  inflammation  of  the  vertebrae. 

TUMORS. 

Fibromata,  lipomata,  chondromata,  myzomata,  endotheliomata,  and 
adenosarcomata  occur  in  the  dura  mater  spinalis  as  primary  tumors. 
Carcinomata  and  sarcomata  may  be  found  as  secondary  tumors.  Small 
plates  of  newly  formed  bone  are  of  rare  occurrence. 

PARASITES. 

Echinococcus  developing  outside  of  the  spinal  canal  may  perforate  the 
dura  mater;  or  the  cysts  may  lie  between  the  dura  mater  and  the  pia 
mater. 

The  Pia  Mater  Spinalis. 

It  is  difficult  in  most  cases  in  the  pia  mater,  as  well  as  in  the  dura  mater  spinalis 
and  in  the  spinal  cord,  to  judge  with  certainty,  from  the  appearances  after  death  of 
the  blood  contents  of  the  vessels,  of  these  part^  during  life.  The  same  is  true  of  abnor- 

mal quantities  of  serum  found  after  death.  The  veins  of  the  pia  mat^r,  especially  in 
the  posterior  region,  may  be  greatly  distended  with  blood  after  death,  without  pre- 

existing disease;  and  the  int^rmeningeal  space  may  contain  much  fluid  under  the  same 
condition. 

HiEMORRHAGE. 

Haemorrhages  may  occur  from  injury,  in  connection  wuth  severe  con- 
vulsions, or  in  general  diseases  such  as  the  haemorrhagic  diathesis,  scurvy, 
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smallpox,  etc.  The  haemorrhages  under  these  conditions,  except  from 
injury,  are  not  usually  extensive.  But  in  some  cases  of  injury  or  cere- 

bral apoplexy,  from  the  bursting  of  aneurisms  of  the  basilar  or  vertebral 
arteries,  or  in  cases  in  which  we  cannot  find  a  cause,  a  very  large  quantity 
of  blood  may  collect  between  the  dura  and  pia  mater,  and  in  the  meshes 
of  or  beneath  the  latter. 

DfFLABIMATIOH.     (Ueningitis.) 

Acute  exudative  spinal  meningitis  occurs  under  essentially  the  same 

conditions  and  with  eBsentiaHy  the  same  post-mortem  appearances  as 
acute  cerebral  meningitis,  though  it  is  less  frequent.  The  exudate  is 

apt  to  be  most  abundant  in  the  posterior  portions.  It  may  be  asso- 
ciated with  a  similar  inflammation  of  the  pia  mater  cerebralis,  and  the 

inner  surface  of  the  dura  mater  may  be  involved.  The  disease  may  be 
circumscribed,  but  usually  affects  the  entire  length  of  the  membrane. 

Chronic  spinal  meningjtis  is  not  infrequent,  manifesting  itself  in  the 
formation  of  larger  or  smaller  patches  of  new  connective  tissue  or  in 

Flo.  641,— Plates  of  Bonk  in  thi  Pia  Match  Smnalm. 

thickenings  of  the  pia  mater.  The  pia  and  dura  mater  may  thus  be 
firmly  united  in  places  by  adhesions,  or  the  pia  mater  may  become  closely 
adherent  to  the  substance  of  the  cord. 

Not  very  infrequently  large  numbers  of  pigment  cells  are  found  in 
the  pia  mater  spinalis,  sometime.'*  giving  it  a  distinct  gray  or  blackish 
color. 

Tuberculous  inflammation  is  usually  associated  with  a  similar  condi- 
tion of  the  pia  mater  cerebralis,  in  which  case  the  lesion  is  most  marked  in 

the  upper  portions  of  the  cord;  but  it  may  extend  over  the  entire  mem- 
brane. The  conditions  under  which  it  occurs  and  the  character  of  the 

lesions  are  similar  in  both. 

TUMORS. 

Fibromata,  myxomata,  sarcomata,  and  endotheliomata  have  been 
found. 

Small  plates  of  cartilage  and  bone  (Fig.  C44)  are  sometimes  found  in 
the  pia  mater. 

PARASITES. 

Cysticercus  sometimes  occurs  in  the  meshes  of  the  pia  mater. 
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THE  VENTRICLES  OF  THE  BRAIN.    THE  EPENDYMA  AND 
CHOROID  PLEXUS. 

GENERAL  CONSIDERATIONS. 

As  the  lymph-spaces  of  the  pia  mater  and  the  ventricles  of  the  brain 
are  in  communication,  it  might  be  supposed  that  they  would  share  alike 
in  the  accumulation  of  fluids.  This,  however,  is  not  the  case.  The 
membranes  of  the  brain  may  be  highly  cedematous  while  the  ventricles 
contain  about  the  normal  quantity  of  fluid;  or,  on  the  other  hand,  the 
ventricles  may  be  widely  dilated  and  the  pia  mater  unusually  dry.  Many 
of  these  varying  conditions  may  be  understood  by  remembering  that  the 
skull  and  spinal  canal  form  a  closed  cavity,  and  that  accumulations  of 
fluid  in  one  part  must  be  at  the  expense  of  some  material  occupying 
other  parts,  either  blood,  serum,  or  brain  tissue.  It  is  not  always  easy 
to  see,  however,  exactly  how  the  compensation  occurs. 

There  may  be  an  unusual  amount  of  fluid  in  the  ventricles  of  the 

brain  as  a  result  of  post-mortem  change;  in  connection  with  senile  or 
other  atrophy  of  the  brain,  or  in  the  general  vascular  changes  which  lead 
to  cedema  of  the  brain;  in  connection  with  inflammation  of  the  meninges 
or  of  the  ependyma;  or  under  conditions  which  we  do  not  understand, 
as  in  some  cases  of  congenital  and  acquired  hydrocephalus.  Accumula- 

tions of  fluid  in  the  ventricles  are  often  called  internal  hydrocephalus  to 

distinguish  them  from  accumulations  in  the  meninges — external  hydro- 
cephaliis. 

INFLAMlftATION.     (Ependymitis.) 

Acute  Ependymitis. — In  this  condition,  which  may  occur  by  itself,  but 
is  usually  associated  with  inflammation  of  other  parts  of  the  brain,  the 
ependyma  is  congested,  the  vessels  are  more  prominent  than  usual  and 
are  often  tortuous.  The  ependyma  and  the  adjacent  brain  tissue  may  be 
thickened  and  infiltrated  with  pus  cells,  and  the  surface  of  the  ependyma 

covered  with  fibrin  and  pus  in  variable  (quantity  (Fig.  645).  The  cavi- 
ties of  the  ventricles  may  contain  purulent  serum.  Small  haemorrhages 

may  also  be  present  in  the  tissue  of  the  ependyma.  This,  as  well  as 
other  forms  of  inflammation,  is  more  common  in  the  lateral  ventricles 
than  in  the  others,  but  not  infrequently  involves  the  fourth  ventricle. 
The  choroid  plexus  may  participate  in  the  inflammatory  changes  of  the 
ependyma.  Tuberculous  inflammation  of  the  ependyma  is,  as  above 
mentioned,  a  not  infrequent  accompaniment  of  tuberculous  meningitis. 

Chronic  Epend3rmitis. — This  lesion,  which  is  much  more  common  than 
simple  acute  inflammation  of  the  ependyma,  occurs  under  a  variety  of 
conditions,  and  its  nature  and  causation  are  in  general  very  obscure. 
The  ependyma  is  thicker,  whiter,  and  more  opaque  than  normal,  so  that 
the  vessels  may  be  nearly  or  quite  invisible.  The  thickenings  may 
occur  in  patches  or  diffusely,  and  the  surface  of  the  ependyma  may  be 
smooth,  or  roughened  and  granular.  On  microscopical  examination  the 
surface  of  the  ependyma  may  be  covered  with  the  usual  epithelium,  but 
the  new  connective  tissue  which  forms  beneath  it  often  raises  it  up  in 
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places,  causing  the  roughness  of  the  surface.  The  new  tissue  is  usually 
rather  loose  in  texture  and  may  contain  many  small  spheroidal  cells; 
but  it  may  be  dense  in  texture  and  contain  few  cells.  The  brain  tissue 
beneath  the  thickened  ependyma  may  be  softened  or  infiltratecl  with  cells. 
The  sides  of  the  ventricles  may  be  grown  together  in  places  by  the  adhe- 

sion of  the  thickened  and  roughened  ependyma.  The  ventricles  usually 
contain  more  serum  than  normal,  and  sometimes  this  accumulation  is 
so  great  as  to  cau.se  an  enormous  dilatation  of  them.  While  these  are 

1  the  prominent  lesions  in  chronic  inflammation  of  the  epen- 

F[o.  645.— AcliTK  Ependimitis. 

Htliarent  Bmall  blood-vs^la, 

dyma,  the  comparative  development  of  the  several  lesions  varies  greatly 
in  different  cases. 

The  accumulation  of  fluid  and  the  dilatation  of  the  ventricles  being 
the  most  marked  feature  in  all  this  class  of  lesions,  they  are  often  called 
chronic  hydrocephalus,  but  in  many  cases  we  have  no  evidence  that  the 
change  in  the  ependyma  is  an  important  or  even  an  actual  primary 
factor. 

Hydrocephalus. — We  may,  for  convenience  of  study,  consider  three 
classes  of  cases  of  hydrocephalus:  first,  congenital  hydrocephalus  in 
young  children;  second,  secondary  hydrocephalus  in  children  and  adults; 
third,  primary  hydrocephalus  in  adults. 

I.  Congenital  Hydrocephalus. — The  lesion  may  be  in  an  advanced 
stage  at  the  time  of  birth,  or  it  may  be  scarcely  evident  or  but  moder- 

ately developed.  It  may  progress  rapidly  and  cause  the  early  death 
of  the  child,  or  it  may  develop  gradually  or  come  to  a  standstill.  In 
the  more  marked  forms  of  the  di.sease  the  ventricles  are  widely  dilated 
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(Fig.  646)  and  filled  with  serum,  which  is  usually  transparent.  Not  only 
the  lateral  ventricles,  but  also  the  third  and  fifth,  may  be  involved;  the 
fourth  is  less  apt  to  participate  in  the  lesion,  although  it  is  sometimes 
dilated,  as  well  as  the  central  canal  of  the  cord. 

The  distention,  especially  of  the  lateral  ventricles,  may  be  so  great 
that  the  brain  tissue  over  the  vertex  is  crowded  up  into  a  thin  layer 

beneath  the  dura  mater,  or  it  may  be  entirely  destroyed.  When  the  dila- 
tation of  the  ventricles  is  considerable,  the  convolutions  are  flattened 

and  may  be  almost  entirely  obliterated.  The  skull  bones  may  be  thin 
and  bulging  over  the  forehead  and  vertex;  the  fontanelles  and  sutures 

a.  a.  DHnted  latonil  vonlriclw;  b.  coraus,  unequally  itibleH:  <r.  IhJRl  ventricle;  d.  middle  commHurF. 

widely  open.  The  epcndyma  in  these  cases  is  usually  thick  and  rough. 

but  it  may  be  softened,  and  the  blood-vessels  may  be  dilated.  The  basal 
portions  of  the  brain  may  be  flattened,  but  are  usually  much  less  affected 
than  the  upper  portions.     The  brain  tissue  is  usually  soft  and  aniemic. 

2.  Secondary  Hydrocephalus. — This  may  occur  in  children  and 
adults,  and  may  be  a  result  of  epidemic  cerebro-spinal  meningitis,  or  of 
acute  meningitis,  or  of  chronic  meningitis.  It  sometimes  occurs  in 
chronic  alcoholic  poisoning  and  in  general  paralysis  of  the  insane.  The 
amount  of  dilatation  of  the  ventricles  varies  greatly  in  these  cases,  but 
it  is  never  so  great  as  in  congenital  hydrocephalus,  and  is  not  accompa- 

nied by  the  changes  in  the  shape  of  the  skull  which  form  so  prominent  a 
feature  in  the  latter  disease,  since  the  bones  are  firmer  and  the  sutures 

united.  In  this  form  of  chronic  hydrocephalus  the  changes  in  the  epen- 

dynia  above  descril>ed  are  usually  more  or  less  well  marked,  and  thej- 
may  be  associated  with  the  production  of  fibrin  and  pus. 

3.  Primary  Hvdrockphalus  i\  Adults. — The  conditions  leading 
to  this  form  of  lesion  are  not  understood.  It  is  apt  to  occur  in  persons 

over  thirty  years  of  age.  Sometimes  one,  sometimes  both  lateral  ven- 
tricles are  dilated.  The  dilatation  is  usually  moderate,  sometimes  very 

slight  and  never  as  great  as  in  congenital  hydrocephalus.     The  ven- 
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tricles  usually  contain  transparent  serum,  and  the  ependyma  is  thickened 
and  roughened.  In  some  cases  it  is  the  only  lesion  found  to  account  for 
the  death  of  the  patient. 

TUMORS. 

New  formations  of  connective  tissue  in  the  ependyma,  although  usually 
diffuse,  may  be  circumscribed,  and  form  small,  projecting  connective- 
tissue  nodules,  which  may  be  classed  among  the  fibromata.  Small  fibro- 

mata are  sometimes  detached  from  the  walls  of  the  ventricles  and  lie  free 

in  the  cavity.  Small  lipomata,  anglomata,  and  also  sarcomata  and  glio- 
mata  occur  rarely.  Chondromata  and  anglomata  may  occur  in  the  choroid 

plexus,  the  latter  sometimes  being  as  large  as  a  hen 's  egg.  The  choroid 
plexus  is  not  infrequently  the  seat  of  transparent  cysts,  usually  of  small 
size;  they  may  contain  a  clear  fluid,  or  colloid  material,  or  droplets  of 
fat,  or  calcareous  particles.  A  small  dermoid  cyst  containing  hairs  has 
been  described.     The  cysts  have  no  special  pathological  significance. 

Primary  carcinomata  sometimes  involve  the  ventricles. 

The  calcareous  bodies  called  brain  sand^  (see  Fig.  634)  occur  fre- 
quently in  the  choroid  plexus,  and  corpora  amylacea  may  occur  here  and 

beneath  the  ependyma. 

PARASITES. 

Cysticercus  and  echinococcus  cysts  are  sometimes  attached  to  the  walls 
of  the  ventricles  or  may  be  free  in  their  cavities. 

The  Brain  and  Spinal  Cord. 

Malformations  of  the  Brain. 

Cyclopia. — This  malformation  consists  in  an  arrest  of  development  affecting  the 
cerebrum,  which,  instead  of  separating  into  two  hemispheres,  remains  single,  with  one 
ventricle,  the  rudiments  of  the  eyes  usually  uniting  to  form  one  eye  (Fig.  177).  This 
single  eye  is  in  the  middle  of  the  face,  near  the  place  of  the  root  of  the  nose,  in  a  single 
orbit.  Over  this  is  an  irregular  body  representing  the  nose.  The  rest  of  the  face  is 
well  formed.  The  eyeball  may  be  wanting  entirely,  or  there  may  be  two  eyes  joined 
together,  or,  more  seldom,  two  separate  eyes.  The  orbit  is  surrounded  by  rudiments 
of  four  eyelids.  The  frontal  bone  is  single,  the  nasal  bones  are  undeveloped;  the 
ethmoid,  vomer,  and  turbinate  bones  are  absent.  The  optic  nerve  is  double,  single,  or 
absent.  There  may  be  hydrocephalus.  Such  children  are  incapable  of  prolonged 
existence. 

Ank.ncephalia. — This  malformation  may  be  of  various  degrees.  The  brain  may 
be  entirely  absent,  the  base  of  the  cranium  being  covered  with  a  thick  membrane,  into 
which  the  nerves  pass.  The  membranes  may  form  a  sort  of  cyst  containing  blood  and 
serum  or  portions  of  brain.  Of  the  cranial  bones,  only  those  which  form  the  base  of 
the  skull  are  present  (acrania).  The  scalp  is  usually  partly  or  entirely  absent  over 
the  opening  in  the  skull;  the  eyes  are  prominent,  and  the  forehead  slopes  sharply 
backward.     This  malformation  may  occur  in  otherwise  well-developed  children. 

Hydrocephalus. — This  lesion  has  been  already  considered  above.  It  is  proba- 
ble that  in  some  cases  hydrocephalus  internus  is  due  to  a  primary  partial  anencephalia, 

'  The  little,  hard  masses  calleil  brain  aand  consist  of  aggregations  of  small  particles  of  carbonate 
and  phosphate  of  lime  with  a  small  amount  of  phosphate  of  ammonia  and  magnesium.  With  these 
there  is  more  or  less  oiganic  matter. 
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and  that  the  accumulation  of  fluid  is  of  secondary  occurrence.  In  rare  cases,  only- 
part  of  one  lateral  ventricle  is  hydrocephalic,  giving  to  the  head  a  protuberance  on 
one  side.  The  viability  of  the  fcetus  depends  upon  the  degree  of  the  hydrocephalus. 
Hydrocephalus  externus  is  an  accumulation  of  serum  beneath  the  pia  mater,  or,  accord- 

ing to  some  authors,  between  the  pia  and  dura  mater.  It  causes  dilatation  of  the 
cranium  and  compression  of  the  brain.  It  is  of  very  rare  occurrence,  and  may  also  be 
secondary  to  partial  anencephalia. 

Cephalocele,  or  Brain  Hernia. — When  abnormal  openings  exist  in  the  skull 
from  malformation,  the  contents  of  the  cerebral  cavity  are  apt  to  protrude  in  the 
form  of  larger  or  smaller  sacs.  This  may  occur  in  cases  of  well-marked  anencephaha 
or  in  cases  in  which  the  brain  is  well  developed.  The  protruding  sac  formed  of  the 
meninges  may  or  may  not  be  covered  with  skin.  If  the  contents  of  the  sac  are  simply 
fluid,  the  lesion  is  called  hydromeningocele;  if  composed  of  brain  substance,  encephalo- 
cele  (Fig.  181);  if  the  sac  contain  both  fluid  and  brain  substance,  it  is  called  hydren- 

cephalocele.  The  sacs  may  be  very  small  or  as  large  as  a  child's  head.  They  may 
protrude  from  the  top  of  the  skull  in  acrania.  They  most  frequently  protrude 
through  openings  in  the  occipital  bone,  often  hanging  down  in  large  sacs  upon  the 
neck ;  also  at  the  root  of  the  nose,  along  the  line  of  the  sutures,  at  the  base  of  the  skull, 
and  elsewhere. 

Microcephalia. — This  is  an  abnormally  small  size  of  the  brain,  with  a  correspond- 

ingly small  cranium.  The  diminution  in  size  afi'ects  principally  the  cerebral  hemi- 
spheres, though  the  other  parts  of  the  brain  are  also  small.  Thus  the  cerebellum  may 

be  of  extremely  small  size.  The  cord  may  be  smaller  than  normal,  in  which  case  the 
diminution  in  size  is  apt  to  show  a  direct  dependence  upon  the  cerebral  lesions,  the 
direct  and  the  cro.ssed  pyramidal  tracts  being  most  affected.  There  may  also  be 
present  imperfect  development  of  the  posterior  columns  and  of  the  direct  cerebellar 
tracts.  The  convolutions  are  few  and  simple,  the  cavities  often  dilated  with  serum; 
on  the  membranes  there  may  be  traces  of  inflammation.  The  cranium  is  small,  the 
face  large,  the  rest  of  the  body  small.  This  malformation  is  in  some  cases  caused  by 
inflammation  or  dropsy  of  the  brain  during  foetal  life.  It  is  endemic  in  some  countries, 
but  single  cases  may  occur  anywhere.  The  fcetus  is  viable.  Absence  or  incomplete 
development  of  portions  of  the  brain  may  occur,  not  only  in  idiots,  but  in  persons 

whose  minds  are  perfect.* 

Malformations  of  the  Spinal  Cord. 

The  malformations  of  the  spinal  cord  may  be  conveniently  classed  as  follows  (Van 

Gieson^) : 
I.  Congenital  Deformities  Associated  with  Monstrosities,  and  Incompati- 
ble WITH  Extra-uterine  Life. 

These  may  be  divided  into: 
1.  Amyelia,  or  absence  of  the  spinal  cord.  This  is  almost  invariably  associated 

with  absence  of  the  brain. 

2.  Atelomyelia^  or  partial  development  of  the  spinal  cord.  This  is  often  seen  in  the 
anencephalous  or  acephalic  monsters,  where,  corresponding  to  the  incompletely  devel- 

oped brain,  there  may  be  various  degrees  of  defective  development  of  the  cord. 
3.  Diasiematomyelia,  a  condition  in  which  a  portion  or  the  whole  of  the  cord  is 

split  into  two  lateral  halves.  Each  half  of  the  cord  is  developed  in  its  own  membranes 
and  gives  rise  to  its  own  nerve  roots.  There  may  be  union  at  one  or  more  points  to 
form  a  single  cord. 

4.  Diplomyelia,  or  a  formation  of  two  spinal  cords — a  duplication  of  the  spinal 
cord.     This  happens  in  the  various  kinds  of  double  monsters. 

'  For  a  general  consideration  of  malformations  of  the  central  nervous  system  consult  Thoma^ 
"Text-book  of  Pathologic^il  Anatomy,"  vol.  i.,  p.  206  et  seq.,  also  Ernst  in  8chwalbe's  morphologie  d. 
Missbildungen  des  Menschen  u.  Tiere,  1909. 

'  Van  Gieson,  "Artefacts  of  the  Nervous  System,"  New  York  Medical  Journal,  vol.  Ivi..  pp.  337, 
365,  421.  1892. 
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II.  Minor  Congenital  Malformations  not  Inconsistent  with  the  Mainte- 

1-  Hydrorrhachis  interna  is  a  defective  cloeure  or  arrangement  of  the  divisions  of 
th«  primary  ftetal  central  canal  often  resulting  in  the  dilatation  of  the  central  canal 
by  fluid  {Hydromydia)  (Fig.  647).  This  dilatation  may  lie  moderate,  or  so  extreme 
that  but  little  of  the  substance  of  the  cord  ia  loft  as  a  thin  shell  around  the  central 

cavity.  When  they  have  not  been  destroyed  by  atrophy  epithelial  cells  may  be  found 
lininK  the  cavity. 

This  condition  may  be  accidentally  found  after  death.  Its  presence  may  also  bo 

indicated  by  its  association  with  spina  bifida.' 
2.  Heterotopia,  or  misplacement  of  the  substances  of  the  cord. 
(a)  There  may  be  misplaced  portions  of  the  gray  matter. 
(b)  Portions  of  the  white  matter  may  be  arranged  in  an  unusual  manner. 
3.  Anomulies  of  the  Spinal  Serve  Roota. 
4.  Asymmetries  of  the  Spinat  Cord, 

III.  Malformations  of  the  Spinal  Cord  Acuuihed  coring  Extra-i; 
Life  or  Sbcondahy  to  Defective  Development  in  Other  Parts  of  the  Body. 

1.  DistortioDS  following  other  cord  lesions. 
2.  Asymmetry  of  the  cord  due  to  arrested  development  after  birth  or  to  secondary 

atrophy  of  portions  of  the  cord  in  association  with  defective  development  or  absence 
of  some  other  part  of  the  body. 

3.  Asymmetry  of  the  cord  with  congenital  defects  of  the  extremities  or  muscles, 
such  an  intra-uterinc  or  other  amputations,  clubfoot,  etc. 

4.  Variations  in  the  volume  of  the  cord  as  a  whole. 

Faijik  Heterotopia. — Congenital  displacement  of  the  gray  or  white  matter  of  the 
sjiinal  cord — betcratojiia — has  lieen  frequently  described.  Van  Gieson'  has  shown, 
however,  that  in  a  larf^  |>ro]>ortion  of  cases  the  so-called  heterotopia  is  an  artefact 
I  Fig.  MS)  and  has  been  caused  liy  bruises  or  careless  handling  of  the  cord  during  its 
removal  from  the  body  or  in  the  process  of  examination  or  hardening. 

Spina  Bifida.^Iu  the  majority  of  cases  hydrorrhachis  is  accompanied  by  a  more 
or  less  complete  lack  of  closure  of  the  spinal  canal  posteriorly,  so  that  tlie  collections 
of  fluid  within  may  pouch  outward  througli  the  ojx-ning  in  the  form  of  a  sac.  The  sac 
may  be  covered  by  skin,  or  this  may  be  absent,  either  from  the  beginning  or  as  a  result 

'  UnJir  thi»  »ulKliviaion  the  rondilion  known  as  hudrorrliaelii'  eitrrna  may  he  ronveiiit>at1y  nllilcli^ 
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of  thinning  and  ruplure.     The-  walls  of  the  sac  may  consist  of  (he  dura  maurand  the 
pia  mat^r.  or.  in  caries  of  hydrorrhachis  cxtprna.  of  the  dura  mater  alone.     When  l>oth 
are  present  they  are  usually  more  or  lesn  fused  tojtelher.     Inside  of  the  membranes  of 
the  sac  there  may  lie  a  shell  of  distended  nerve  tisKue  of  the  cord;  or  the  spinal  cord 

may  l>e  split  posteriorly  and  the  sides  crowded  sideways;  or  there  may  be  a  rudimen- 
tary fragment  of  the  cord  sus)>ended  in  Ihc  nac  or  attached  to  the  walls;  or  the  cord 

may  he  but  little  changed  and  remain  Inside  the  sjiinal  canal.     The  openings  in  the 
spinal  canal  may  Ih?  due  to  the  complete  or  partial  absence  of  the  vertebral  arches,  or 

more  rarely  the  sac  may  protrude  through 
opening^i    between    the   completely    formed 
arches.     Spina  bifida  most  frequently  occurs 

V  in  the  lumbar  and  sacral  regions,  but  It  may 

•^  occur  in  the  dorsal  or  cervical  reRJons,  or  the 

'  Jx  canal  may  be  open  over  its  entire  length. 
^j  Very  rarely  it  is  open  on  the  anterior  sur- 

^.^  ̂   face.  The  protruding  sac  may  be  very  Kmall 

^  J  or  as  large  as  a  child's  head.  The  fluid  In  the 
/'  sac  is  usually  clear,  l>ul  may  l>e  turbid  from 
"^  Hocculi  of  depenerated  nerve  tissue. 

INJURIES  OF  THE  BRAIN. 

Fia.  evi.— F»Li.E  HETKHiwuriA.    SPTTi.i.'i  'f  ))p  ijrain  may  he  dirootly  wounded 

Hhowinn  urimcifti  dapiafpnifin  of  (he     ̂ ^y  "^  foreign  bodv,  OF  indirectly   by 
Blmfturts  Uy  an  experimenUil  hniim  Vf«)«-       fragments  of  bone  drivcn  intO  it,  OF  it heleroloiJia    I  sflor  Ihp  rpmovnl  of  the  con[  ,       ,  .11  ,       ■ 

frum  the  imdy.    (Van  Gipjon.)  niav  be  lacerated  bj'  severe  contusion 
without  fracture  or  solution  of  con- 

tinuity of  the  skull.  \'ery  spvere  injurie.s  of  the  brain  are  often  caused 
in  parts  of  the  or^an  remote  from  the  seat  of  violence.  Thus  blows  on 
the  skull  fretjuently  caiiMC  hiceration  of  the  brain  on  the  opposite  side. 
This  is  called  injury  by  conlrecoup.  It  is  very  difficult  to  estimate  the 
degree  of  injury  which  must  cause  death,  since  some  persons  die  from 
slight,  and  others  recover  from  very  severe,  wounds  of  the  brain.  In 
incised  wounds  of  the  brain  more  or  loss  lia-niorrhiiKG  occurs  at  the  seat 
of  lesion,  and  the  brain  ti.ssue  in  the  vicinity  soon  undergoes  degenera- 

tive changes.  These  may  be  comparatively  slight  or  extensive.  In- 
flammatory reaction  may  occur  in  tlie  vicinity,  and  the  adjacent  brain 

tissue,  as  well  as  the  h^'morrhagic  and  degenerated  area,  may  become 
infiltrated  with  pu.s  cells.  After  a  time  the  injured  and  degenerated 
area  may  become  surrounded  by  new-formed  connective  tissue,  and 
the  decomposed  extravasated  blood  and  detritus  of  brain  tissue,  more  or 

less  fatty,  may  be  absorbed.  In  this  way  the  part  heals,  leaving  a  some- 
what pigmented  cicatrix.  The  healing  is  in  most  cases  very  slow  and 

may  occupy  months  or  even  years.  The  pia  mater  may  participate  to  a 
marked  degree  in  the  inflammatory  healing  process.  Abscesses  may 
form  near  the  seat  of  injury. 

After  wounds  which  involve  the  removal  of  portions  of  the  cranial 
bones,  it  is  not  uncommon  after  a  few  days  to  see  a  bleeding  fungous 
mass  projecting  through  the  opening.  This  mass,  sometimes  wrongly 
called  hernia  cerebri,  consists  of  degenerated  brain  tissue,  blood,  and 
granulation  tissue,  with  more  or  less  pus.  The  brain  tissue  below  it  is 
degenerated,  soft,  broken  down,  anil  purulent,  and  there  is  often  abscess 
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in  the  adjacent  brain  tissue.  Such  wounds  may  finally  heal  by  the  absorp- 
tion of  the  broken-down  brain  tissue  and  blood,  and  its  replacement  by 

granulation  tissue. 
Lacerations  of  the  brain  tissue  without  fracture  may  appear  shortly 

after  the  injury  as  simple  more  or  less  circumscribed  areas  of  capillary 
haemorrhage;  the  brain  tissue  about  these  may  degenerate,  pus  may 
form,  and  abscesses  be  developed;  or  the  degenerated  and  lacerated  tis- 

sue may  be  gradually  replaced  by  granulation  tissue  which  finally  forms 
a  cicatrix.  The  process  of  degeneration  and  softening  and  of  healing 
in  such  lacerations  of  brain  tissue  may  occur  very  slowly  indeed,  even 
occupying  years,  and  not  infrequently  the  degenerative  changes  are  very 
extensive  and  progressive.  In  many  cases,  of  course,  the  injury  is  so 
extensive,  or  involves  such  important  parts  of  the  organ,  that  very  little 
or  no  inflammatory  or  degenerative  change  takes  place  before  death. 

INJURIES  OF  THE  CORD. 

The  spinal  cord  may  be  compressed  or  lacerated  by  penetrating 
wounds,  by  fracture  or  dislocation  of  the  vertebrae,  or  by  concussion 

without  injury  to  the  vertebrae.  The  spinal  cord  is  found  simply  disin- 
tegrated, or  there  may  be  much  haemorrhage  and  the  disintegrated  nerve 

tissue  be  mixed  with  blood.  If  life  continue,  the  nerve  elements  may 

degenerate;  Gluge's  corpuscles  and  free  fat  droplets  may  form;  blood 
pigments  may  be  formed;  and  when  inflammation  supervenes  more  or 
less  pus  may  be  intermingled  with  the  degenerated  material.  There  may 
be  marked  changes  in  the  minute  structure  of  the  cord,  without  any 
change  being  evident  to  the  naked  eye. 

INJURIES  OF  THE  NERVES. 

The  secondary  effects  of  injuries  to  nerves  are  described  in  the  sec- 
tion on  degenerations  following  injury.  After  amputation  of  a  limb, 

there  often  occur  swellings  of  the  peripheral  ends  of  the  divided  nerve 
trunks.  These  bulbous  ends  are  called  false  or  amputation  neuromata. 
They  are  made  up  almost  entirely  of  fibrous  tissue,  although  nerve  fibres 
have  been  found  in  them. 

HYPERTROPHY  AND  ATROPHY  OF  THE  BRAIN. 

True  Hypertrophy  of  the  brain  is  rare,  and  probably  always  congeni- 
tal. An  increase  in  the  size  of  the  brain  from  the  proliferation  of  the 

neuroglia  sometimes  occurs  in  children  either  before  or  after  birth,  less 
frequently  in  youths,  and  very  seldom  in  adults.  The  white  substance  of 
the  hemispheres  is  increased  in  amount.  If  it  takes  place  before  the  ossi- 

fication of  the  cranium,  the  bones  are  separated  at  the  sutures  and  fon- 
tanelles;  if  after  this,  the  inner  table  of  the  skull  may  be  eroded  and 
thinned.  When  the  cranium  is  opened  the  dura  mater  appears  tense  and 
anaemic,  the  convolutions  of  the  brain  are  flattened,  the  brain  substance 
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is  firm  and  ftnipmic,  the  ventricles  are  small,  the  ganglia  and  cerebellum 
are  either  of  normal  size  or  compressed. 

The  disease  is  usually  very  chronic,  and  destroys  life  with  symptoms 
of  comprcMsion  of  the  brain.     There  may,  however,  be  acute  exacerbations. 

Atrophy. — This  may  occur  as  a  senile  change,  or,  in  chronic  alcohol, 
opium,  or  lead  poisoning,  in  chronic  insanity,  and  in  chronic  meningitis, 
or  from  local  interference  with  the  circulation.  In  children  who  are 

much  reduced  by  chronic  diseases  atrophy  of  the  brain  may  accompany 
atrophy  of  the  rest  of  the  body. 

The  atrophy  affects  principally  the  cerebral  hemispheres,  and  may  be 
uniform  or  more  marked  in  some  parts  than  in  others,  involving  the 

From  H  ]«iion  of  Ihe  gomaponding  blood-vciatb. 

whole  of  a  hcmispliere  or  of  a  lobe  or  only  single  convolutions  or  groups 
of  these  (Fig.  (i4il).  The  convolutions  are  small,  the  sulci  broad,  the 
ventricles  usually  ililated,  the  brain  tissue  is  firm,  the  gray  matter  <liseol- 
ored,  the  white  substance  grayish  in  color;  the  blood-vessels  may  be 
ililated.  The  basal  ganglia  may  be  small.  Serum  accumulates  in  the 

pia  mater  and  in  the  ventri<>les;  the  pia  mater,  and  often  the  skull, 
become  thickened;  the  brain  tissue  may  be  tedematous  or  contain  small 
lueniorrhages.  The  nerve  elements  of  the  brain  tissue  are  those  most 
involved  in  the  atropliy.  the  diminished  areas  being  usually  harder  and 
firmer  than  normal. 
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PIGBIENTATION  OF  THE  BRAIN. 

This  may  occur  in  any  portion  of  the  brain  or  its  meninges  from  the 
decomposition  of  extravasated  blood.  In  persons  afifected  by  malaria 
the  gray  matter  of  the  brain  has  sometimes  a  dark  or  even  blackish 
appearance.  This  color  is  due  to  the  presence  of  black  pigment  granules 

within  the  capillary  blood-vessels.  The  obstruction  to  the  vessels  by 
masses  of  these  pigment  granules  may  cause  capillary  apoplexies.  The 
pigment  may  also  be  found  in  the  walls  and  in  the  lumina  of  the  vessels 
of  the  pia  mater. 

Pigment  patches  of  congenital  origin  are  not  infrequently  seen  in  the 
pia  mater.  They  may  be  due  to  the  presence  of  branching  pigmented 
cells. 

CIRCULATORY  AND  VASCULAR  CHANGES  IN  THE  BRAIN  AND  SPINAL  CORD. 

Anatomical  Consideratioiis. 

In  studying  the  circulatory  changes  in  the  brain  and  cord  certain  peculiarities  in 
that  circulation  should  be  borne  in  mind.  The  vessels  which  nourish  the  brain  arise 
from  a  remarkable  anastomosis  of  large  arterial  trunks  at  its  base,  known  as  the  circle 

of  Willis  (see  diagram  Fig.  650).  From  this  "  circle"  pass 
off  to  each  hemisphere  three  main  branches — the  anterior, 
the  middle,  and  the  posterior  cerebral.  These  arteries 
ramify  in  the  pia,  where  they  anastomose  freely.  From 
this  anastomosis  small  branches  are  given  off  which 
penetrate  the  brain  substance,  the  shorter  breaking  up 
into  capillaries  in  the  gray  matter,  the  longer  passing  to 
the  underlying  white  matter.  After  entering  the  cortex 
there  is  no  further  anastomosis,  the  capillaries  of  a  corti- 

cal artery  passing  directly  over  into  a  venous  system  of 
capillaries  without  communicating  with  capillaries  of 

other  arteries.  They  are  thus  "terminal  arteries."  In 
addition  to  these  arteries,  which  supply  the  hemispheres, 
branches  from  the  circle  of  Willis  are  distributed  to  the 
basal  ganglia.  These  arteries  are  much  larger  than  those 
which  pass  from  the  pia  into  the  cortex,  and  beyond  the 
circle  of  Willis  do  not  form  anastomoses  with  one  another. 

Thus  it  is  that  occlusions  of  the  arteries  supplying  the 
basal  ganglia  are  much  more  serious,  aside  from  the  im- 

portance of  the  parts  involved,  than  of  those  passing  to 
the  cortex. 

Three  main  arteries  furnish  blood  to  the  cord:  the 

anterior  spinal,  lying  along  the  opening  of  the  anterior 
median  fissure,  and  two  posterior  spinal,  lying  near  the 
entrances  of  the  posterior  roots.  Branches  of  these 
arteries  anastomose  in  the  pia,  and  from  this  pial  network 
branches  pass  directly  into  the  substance  of  the  cord. 
The  largest,  a  branch  of  the  anterior  spinal,  passes  into 
the  pia  of  the  anterior  fissure,  and,  penetrating  the  cord, 
is  distributed  to  the  gray  matter  of  the  anterior  horn, 

and  to  the  median  gray  matter  as  far  back  as  Clarke's  column.  Smaller  arteries  from 
the  posterior  spinal  supply  the  posterior  regions  of  the  cord.  These  arteries,  like 
those  in  the  brain,  are  terminal  in  the  sense  that,  while  anastomosing  freely  in  the 
pia,  after  penetrating  the  substance  of  the  cord  there  are  no  further  anastomoses. 

Fig.  650. — Diagram  of  the 
Circle  of  Willis  and  Asso- 

ciated Vessels. 

a.  Anterior  cerebral;  b,  an- 
terior communicating :  c,  in- 
ternal carotids;  d,  middle  cere- 

bral; e,  posterior  communicat- 
ing; /,  posterior  cerebral;  g, 

basilar;  /*,  vertebral. 
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HYPER.EMIA    AND    An^EMIA. 

The  appearance  of  the  brain  tissue  after  death  does  not  always 
furnish  reliable  indications  of  its  blood  contents  during  life,  though 
it  is  perhaps  more  to  be  depended  on  than  the  appearance  of  the  meninges. 

Some  of  the  more  common  conditions  determining  hyperccmia  which 
are  mentioned  above  as  influencing  the  meninges  apply  also  to  the  sub- 

stance of  the  brain. 

Active  hyperaemia  may  occur  in  various  inflammatory  conditions  of 
the  brain.  Hypenemia  of  the  brain  is  quite  common  in  deaths  from 
insolation  and  after  conditions  accompanied  by  acute  delirium.  Passive 
hyperaemia  may  occur  in  conditions  similar  to  those  which  determine 
congestions  in  other  organs  of  the  body,  such  as  chronic  diseases  of  the 
heart  or  lungs.  It  may  be  induced  by  anything  which  prevents  venous 
return,  such  as  intracranial  tumors  which  compress  the  sinuses,  or  by 
thrombosis. 

In  sections  of  hyper^mic  brains  the  small  blood-points  from  the  cut 
ends  of  small  vessels  are  more  numerous  and  conspicuous  than  under 
normal  conditions,  and  the  brain  tissue,  particularly  the  gray  matter, 
may  have  a  diffuse  red  color.  If  excessive,  the  convolutions  may  be 
somewhat  flattened,  the  brain  tissue  and  pia  mater  may  be  cedematous, 
and  the  ventricles  contain  fluid.  The  congestion  of  the  vessels  may  be 
general  or  localized. 

The  most  constant  lesion  of  what  is  known  as  caisson  disease,  a  con- 
dition resulting  from  exposure  to  sudden  changes  in  atmospheric  pressure, 

is  a  congestion  of  the  brain,  cord,  and  meninges.  Areas  of  softening  in 
the  brain  and  cord  are  not  infrequent  and  there  may  be  effusion  into  the 
meninges. 

Anaemia  of  the  brain  may  be  either  local  or  general.  It  may  depend 
upon  a  general  amemia  or  upon  general  disturbances  of  the  circulation, 
such  as  mitral  stenosis  or  regurgitation;  or  upon  local  interference  with 
the  arterial  blood  supply,  such  as  complete  or  partial  obstruction  of  the 
arteries  from  thrombi,  emboli,  inflammatory  changes,  spasmodic  con- 

tractions, etc.,  or  from  tumors,  exudations,  and  blood  extravasations 
pressing  upon  the  vessels  from  without.  In  oedema  of  the  meninges,  and 
in  the  presence  of  internal  hydrocephalus,  the  brain  tissue  is  apt  to  be 
anaemic.  The  brain  tissue  in  anaemia. looks  whiter  than  usual,  the  con- 

trast between  the  gray  and  the  white  matter  is  less  marked,  and  the 

small  blood-points  usually  seen  on  section  from  divided  vessels  may  be 
very  inconspicuous  or  almost  entirely  absent. 

(Edema. 

(Edema  of  the  brain  tissue  may  accompany  either  general  or  localized 

hypersemia,  or  it  may  accompany  anaemia,  and  it  seems  in  most  cases, 
though  not  always,  to  be  dependent  upon  conditions  which  induce  these 
alterations  in  the  blood  contents  of  the  brain.  It  is,  perhaps,  most  com- 

mon in  conditions  which  determine  a  passive  hypenrmia.     In  some  cases 
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of  marked  impoverishment  of  the  blood  a  so-called  hydrccmic  aodema  of 
the  brain  is  found. 

In  cedema  the  brain  tissue  appears  unusually  wet  and  shiny.  The 
same  underlying  condition  is  apt  to  determine  an  exudation  into  the 
membranes  and  ventricles.  There  is  usually  considerable  distention  of 

the  perivascular  lymph-spaces. 
Marked  oedema  of  the  brain  may  exist  without  brain  symptoms.  On 

the  other  hand,  persons  may  die  comatose  with  no  other  gross  lesion  than 
oedema,  either  with  or  without  oedema  of  the  pia  mater.  This  is  seen 
with  especial  frequency  in  acute  and  chronic  alcohol  poisoning,  but  may 
occur  under  other  conditions.  A  careful  microscopical  examination  of 
the  brain  under  these  conditions  will  frequently  reveal  structural  lesions 
of  more  serious  import  than  the  oedema. 

Under  the  designation  of  ''serous  apoplexy, "  cedema  of  the  brain  was 
formerly  considered  of  importance,  in  the  absence  of  other  lesions,  as  a 
cause  of  death.  But  increased  knowledge  has  led  to  the  general  belief 

that  simple  cerebral  oedema  as  an  independent  condition  has  not  the  sig- 
nificance formerly  ascribed  to  it,  and  it  should  be  accepted,  if  ever,  with 

great  reserve  as  a  cause  of  death. 

H.EMORRHAGE. 

Haemorrhages  in  the  substance  of  the  brain  may  be  very  small  and 
punctate,  and  are  then  usually  called  capillary  hcemorrhages;  or  they  may 
result  in  the  collection  in  the  brain  tissue  of  masses  of  blood  of  consid- 

erable size,  which  are  called  apoplectic  joci  or  clots.  These  forms  of 
haemorrhages  may  be  associated,  or  a  number  of  capillary  haemorrhages 
may  join  to  form  an  extensive  clot. 

Capillary  hcemorrhages  may  appear,  on  section  of  the  brain,  like  the 
severed  ends  of  hypersemic  blood-vessels,  or  the  tissue  about  them  may 
be  more  or  less  tinged  with  blood.  Microscopically,  the  perivascular 
spaces  are  distended  with  blood,  which  may  have  escaped  into  them. 
This  is  associated  with  more  or  less  broken-down  brain  tissue.  The 
ha?morrhages  may  be  single,  but  are  frequently  multiple,  so  that  the  brain 

tissue  is  besprinkled  with  blood-points.  Degeneration  of  the  extrava- 
sated  blood  may  give  rise  in  later  stages  to  reddish  or  brown  or  yellowish 
circumscribed  discoloration  of  the  brain  tissue,  due  to  granules  and  crys- 

tals of  blood  pigment  intermingled  with  broken-down  brain  tissue,  with 
more  or  less  fatty  degeneration  of  its  elements.  Capillary  haemorrhages 
may  be  due  to  fatty  degeneration  of  the  vessels  leading  to  rupture;  or 

the  extravasation  may  be  due  to  diapedesis,  or  it  may  depend  upon  con- 
ditions which  we  do  not  understand.  They  frecjuently  occur  in  the 

vicinity  of  apoplectic  clots  and  tumors,  they  may  be  due  to  thrombosis 
of  the  veins  or  of  the  sinuses  of  the  dura  mater;  they  not  infrequently 
occur  in  acute  encephalitis,  in  congestive  hyperiemia,  in  acute  mania, 
and  in  delirium  tremens;  and  they  may  be  associated  with  general 
diseases,  such  as  scurvy,  purpura  hemorrhagica,  typhus  fever,  pyaemia, 
ulcerative  endocarditis,  etc.;  they  may  be  associated  with  embolic 
softening. 
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Apoplectic  foci  may  result  from  the  coalescence  of  numerous  capillary 
haemorrhages;  from  injury;  or  from  rupture  of  diseased  arteries,  either 
with  or  without  changes  in  the  blood  pressure.  Haemorrhages  from 
injury  to  the  skull  may  occur  as  well  without  as  with  fracture,  and  may 
be  situated  over  the  vertex  or  at  the  base  of  the  brain.  They  vary  in 
extent  and  location,  depending  upon  the  character  and  point  of  the 
injury  and  the  size  of  the  vessels  involved.  The  so-called  spontaneous 
haemorrhages,  other  than  those  of  capillary  origin,  which  give  rise  to 
masses  of  blood  and  broken-down  brain  tissue,  may  vary  in  size  from  that 
of  a  pea  to  those  occupying  a  large  part  of  a  hemisphere.  They  are  due, 
in  a  very  considerable  proportion  of  cases,  to  the  rupture  of  small  arterial 
aneurisms,  but  may  arise  from  weakening  of  the  walls  of  the  arteries, 
from  arteritis,  atheroma,  or  fatty  degeneration.  These  latter  forms  of 
lesions  doubtless  give  rise  in  most  cases  to  the  formation  of  the  aneurisms 
whose  rupture  is  in  so  many  cases  the  immediate  cause  of  the  haemorrhage. 

Aneurisms  of  the  cerebral  arteries  may  be  as  large  as  a  pea  or  hazel- 
nut, but  those  most  frequently  met  with  and  causing  apoplexy  are  usually 

small — called  miliary  aneurisms — and  may  be  microscopic  in  size, 

varying  from  this  up  to  that  of  a  large  pin's  head  or  larger.  They  may 
be  sacculate  or  fusiform,  and  frequently  exist  in  considerable  num- 

bers. They  may  occur  in  any  of  the  small  arteries  of  the  brain,  but  are 
said  to  be  most  frequent  on  the  branches  of  the  middle  cerebral  artery, 
It  is  asserted  that  the  bursting  of  miliary  aneurisms  is  the  nearly,  if  not 
quite,  exclusive  cause  of  the  formation  of  spontaneous  apoplectic  clots, 
but  this  we  do  not  believe  to  be  true. 

As  to  the  immediate  cause  of  rupture,  either  of  aneurisms  or  other- 
wise diseased  blood-vessels  in  the  brain,  we  are  in  many  cases  entirely 

ignorant.  In  some  cases  it  seems  to  be  due  to  an  increased  arterial  ten- 
sion in  such  diseases  of  the  heart  as  induce  this  change,  as  in  the  cardiac 

hypertrophy  which  may  accompany  some  forms  of  chronic  diffuse 
nephritis;  or  it  may  result  from  unusual  exertion  or  mental  excitement. 

Haemorrhages  most  frequently  occur  in  the  corpora  striata  and  optic 
thalami  (Fig.  651),  and  in  the  brajn  tissue  in  their  vicinity,  and  here  they 
are  most  common  in  the  parts  supplied  by  the  branches  of  the  middle 
cerebral  artery.  The  possibility  of  haemorrhage  in  the  floor  of  the  fourth 
ventricle  should  be  borne  in  mind  in  investigating  cases  of  sudden  death 
from  obscure  causes. 

Haemorrhages  frequently  seriously  affect  other  portions  of  the  brain 
than  those  immediately  supplied  by  the  ruptured  vessels.  Thus  haemor- 

rhages in  the  cortical  substance  or  beneath  the  pia  mater  may  force  their 
way  deep  into  the  brain  substance;  or,  in  haemorrhage  in  the  brain  sub- 

stance, the  blood  may  burst  into  the  ventricles  or  work  its  way  into  the 
intermeningeal  space,  and,  either  at  the  seat  of  its  occurrence  or  in  the 
situations  into  which  it  is  forced,  may  give  rise  to  serious  compression 
of  the  brain.  Portions  of  the  brain  containing  large  extravasations  may 
be  enlarged,  the  tissue  anaemic  from  pressure,  the  convolutions  flattened, 
and  the  surface  dry.  As  the  blood  is  poured  out,  the  brain  tissue  is  usu- 

ally torn  and  lacerated,  so  that  the  apoplectic  clot  usually  consists  of 
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detritus  of  brain  tissue  intermingled  with  blood.  If,  however,  the  blood 
is  poured  out  from  a  single  vessel,  the  lacerated  brain  tissue  may  be 
pressed  aside,  and  tlie  greater  portion  of  the  red  mass  may  consist  of 
pure  blood  clot. 

The  appearances  presented  by  hemorrhages  in  the  brain  vary  greatly, 
depending  upon  the  time  which  has  elapsed  since  their  occurrence.  If 
life  continue,  the  ce<lema  which  usually  soon  occurs  in  the  vicinity  of  the 

aOHRHAQE IN    TBE    Bn. «N.     "Cerebkal   Af( 

IPLEXY." 
Mf  Of  ih^ 
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le.     The  blood 

haemorrhage  disappears  and  the  clot  becomes  drier  and  firmer;  gradually 
the  blood  undergoes  the  usual  scries  of  changes  seen  in  extravasation; 

the  lia>moglobin  decomposes,  forming  granules  and  crystals  of  blood 
pigment;  the  blood  cells  and  fibrin  undergo  degeneration  and  absorption; 
the  detritus  of  brain  tissue  undergoes  fatty  degeneration.  As  these 
alterations  occur  the  color  changes  to  reddish  brown,  orange,  or  yellow, 
and  the  adjacent  brain  tissue  may  be  discolored  by  imbibition. 

Inflammatory  reaction  may  occur  in  the  vicinity,  leading  either  to  the 
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formation  of  a  more  or  less  pigmented  cicatrix,  or  to  a  cyst  with  yellow- 
ish fluid  contents  and  a  fibrous,  more  or  less  pigmented  wall.  The  proc- 
ess of  degeneration  and  absorption  of  the  blood  and  broken-down  brain 

tissue,  and  their  replacement  by  a  cyst  or  by  a  cicatrix,  is  a  slow  one, 
and  the  cysts  and  cicatrices  may  resemble  those  formed  at  the  seat  of 
embolic  softening.  Not  infrequently  we  find  in  the  brain  of  a  person 
dead  from  recent  apoplexy  the  remains  of  old  clots  presenting  some  one 
of  the  above-described  stages  of  absorption.  The  apoplectic  cysts  and 
cicatrices  persist  for  a  long  time  after  their  formation. 

Secondary  degenerations  (see  p.  953)  following  ha'morrhages  depend 
entirely  upon  the  cells  destroyed  or  the  fibre  tracts  interrupted.  Most 
common  are  degenerations  of  the  pyramidal  tracts  from  hiemorrhages 

into  the  sensory-motor  region  of  the  cortex,  or  from  ha'morrhages  into 
the  internal  capsule  (lenticulo-striate  artery).  Hipmorrhages  involving 
the  optic  centres  or  the  optic  fibres  lead  to  degeneration  in  the  optic 
tracts.  Hjpmorrhages  into  other  portions  of  the  brain,  by  destroying 
commissural  cells  or  interrupting  their  fibres,  lead  to  degeneration  of 
intracranial  fibre  tracts. 

Hsemorrhage  in  the  spinal  cord  is  much  less  frctjuent  than  in  the  brain, 
but  may  occur  either  as  capillary  apoplexy  or  as  larger  apoplectic  clots. 
Capillary  Iwemorrhagcs,  similar  in  appearance  to  those  of  the  brain,  may 
occur  as  the  result  of  injury,  or  near  areas  of  softening  or  tumors,  or  may 
accompany  severe  convulsions,  as  in  tetanus.  Apoplectic  clots,  which 
are  comparatively  rare  in  the  spinal  cord,  are  usually  small,  commonly 
not  more  than  one  centimetre  in  diameter,  and  are  similar  in  their  appear- 

ance, and  in  the  changes  subsequent  to  their  formation,  to  those  in  the 
brain.  They  are  usually  the  result  of  injury;  but  may  occur  spontane- 

ously.    These  so-called  "spontaneous  lisemorrhages "  are  undoubtedly 
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in  most  cases  the  result  of  inflammation.  They  may  occur  in  any  acute 
disease  of  the  cord,  and  are  an  especially  frequent  complication  of  acute 
myelitis.  Hiemorrhage  into  the  cord,  occurring  in  the  course  of  an 
acute  infectious  disease,  is  probably,  as  a  rule,  due  to  an  unrecognized 
myelitis  or  acute  degeneration.  Hjemorrhages  in  the  course  of  a  chronic 
myelitis  are  not  common,  and  arc  probably  due  to  a  softening  dependent 
on  interference  with  nutrition.  liemorrhages  into  the  cord  have  been 
reported  in  syphilitic  myelitis,  in  syringomyelia,  and  in  tumors  of  the  cord. 
Gliomata  especially  are  often  very  vascular,  and  their  thin-walled  vessels 
are  subject  to  rupture.  Sometimes,  however,  haeniorrhagic  foci  are 
found  in  the  spinal  cord  without  traumatism  or  evidence  of  inflammatory 
change. 

Larger  hemorrhages  naturally  follow  the  lines  of  least  resistance,  and 
their  long  diameter  corresponds  to  that  of  the  cord.     To  such  columnar 

Flo,    853.— H«BATOMTKLOPORi:. 

Ed  the  posterior  root  {see  Fig.  852)  and  EilrndiOK  ncnrly  the  entire  length  of  the  cord.  The  cavity 
is  lined  by  tissue  detritus  and  neuroglia. 

hiemorrhages,  usually  traumatic  in  origin,  the  name  havmlomyelia  has 
been  applied  (Fig.  652).  The  term  is  being  now  more  properly  used  to 
cover  the  general  subject  of  htpmorrhage  into  the  spinal  cord. 

The  smaller  capillary  hemorrhages  may  be  entirely  absorbed.  They 
may,  on  the  other  hand,  form  microscopic  sclerotic  areas.  The  larger 
hiemorrhages  determine  a  considerable  destruction  of  tissue.  They  may 
be  absorbed  and  replaced  by  fibrous  tissue,  or  the  central  area  may  break 
down  into  a  fluid  or  semi-fluid  mass  of  blood  and  tissue,  with  a  more  or 
less  definite  fibrous  wall  (Fig.  653).  To  these  columnar  cavities  or  canals 
the  term  hwmalomyelopore  has  been  applied  by   Van  Gieson.'     To  a 

1  Van  Gieson,  "  Hienmtomi-elopore— a  Hew  Spinal-Cord   Disease,"  New  York  Polyclinit,  1897. 
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similar  condition  in  which  proliferation  of  the  neuroglia  is  the  most 

marked  feature,  the  name  of  "false  or  secondary  syringomyelia"  ha^ 
been  given. 

Thrombosis  and  Embolism. 

Thrombi  may  form  in  the  arteries  as  a  result  of  any  degenerative  or 
inflammatory  process  in  their  walls  leading  to  a  roughening  or  death  of 
the  intima,  or  from  pressure  from  without,  or  they  may  occur  in  vessels 
in  whose  walls  we  can  detect  no  primary  lesion.  The  most  common 
causes  are  atheroma  and  simple  endarteritis.  Thrombi  may  also  form 
around  an  embolus  which  does  not  entirely  occlude  the  vessel. 

Emboli  of  the  cerebral  arteries  most  commonly  arise  from  acute  or 
chronic  endocarditis  or  cardiac  thrombi;  they  may  arise  from  aneurisms 
or  atheroma  of  the  aorta,  from  the  carotid  or  vertebral  arteries,  or  from 
the  pulmonary  veins.  The  materials  constituting  emboli  vary  greatly, 
depending  on  their  mode  of  origin  (see  p.  28).  The  effects  on  the  brain 
tissue  of  emboli  and  thrombi  of  the  arteries  are  essentially  the  same 
in  their  main  features.  In  some  cases,  however,  in  which  large  emboli, 
usually  from  endocarditis,  suddenly  block  up  a  large  vessel,  the  individual 
may  die  almost  instantly  without  other  apparent  lesion  than  the  stoppage 
of  the  vessel. 

In  general,  the  first  effect  of  the  occlusion  of  an  artery  is  to  deprive 
the  region  to  which  it  is  distributed  of  blood.  In  arteries  whose  branches 

anastomose,  the  affected  area  is  soon  supplied  with  blood  by  the  estab- 
lishment of  a  collateral  circulation.  In  terminal  arteries,  on  the  other 

hand,  the  blocking  of  the  vessel  is  followed,  as  a  rule,  by  degenerative 
changes  and  softening  in  the  brain  tivssue.  The  appearances  which  these 
degenerated  areas  present  vary  greatly,  depending  upon  the  stage  of  the 
degeneration  and  the  amount  of  blood  which  may  be  extravasated. 
Dense  infiltrations  of  the  brain  tissue  with  blood,  as  in  haemorrhagic 
infarctions  from  emboli  in  other  parts  of  the  body,  do  not  usually  occur, 
although  considerable  blood  may  be  extravasated.  Areas  of  softening 
in  which  there  is  little  extravasation  of  blood  are  usually  white  or  yellow 

in  color,  white  or  yclloxo  sojtening.  When  much  blood  is  present  the  proc- 
ess is  frequently  called  red  sojtening.  Yellow  softening  is  probably  often 

only  a  secondary  stage  of  the  red,  resulting  from  absorption  of  most  of  the 

pigment.  The  term  "white  softening"  is  often  used  interchangeably 
with  "yellow.''  It  is  also  applied  to  that  condition  into  which  the  latter 
passes  after  more  complete  liquefaction,  and  after  fatty  changes  have 

taken  place.  Young  proliferating  neuroglia  tissue  often  give  a  glisten- 
ing white  appearance  to  the  lesion. 

The  tissue  in  the  affected  area  gradually  softens  and  may  become  dif- 
fluent. Microscopically,  the  softened  tissue  is  seen  to  consist  of  more  or 

less  fluid  with  broken-down  brain  tissue,  fragments  of  nerve  fibres,  drop- 
lets of  myelin,  nerve  cells,  shreds  of  neuroglia  tissue  and  blood-vessels, 

and  red  and  white  blood  cells.  The  evidence  of  degeneration  is  seen 
in  the  presence  of  fat  granules  and  droplets,  larger  and  smaller  cells 
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densely  crowded  with  droplets  of  fat  (so-called  Gluge^s  corpuscles  or  com- 
pound granular  corpuscles).  Various  kinds  of  cells  and  cell  fragments, 

more  or  less  granular  and  fatty,  and  also  corpora  amylacea,  blood  pig- 

Fio.  654. — Degenerated  Cell^,  Cholesterin  C'RYSTALa,  and  Corpora  Amylacea  from 
Brain  Tismue  in  Embouc  Softeninq. 

a.  Fatty  ganglion  cells;  6,  corpora  amylacea;  c,  cell  containing  very  lai^e  number  of  fat  droplets 

(compound  granular  or  Gluge's  corpuscles) ;  d,  cholesterin  crystals. 

ment,  fat  crystals,  and  cholesterin  crystals,  may  be  found  (Fig.  654) 

The  w^alls  of  the  blood-vessels  may  also  be  in  a  condition  of  fatty  degen- 

Fig.  655. — Bujod-vesselh  From  an  Area  of  Embouc  Softening  of  Brain. 

The  walb  of  the  vessels,  particularly  the  endothelial  cells,  contain  fat  granules  and  fat  droplets. 

eration  (Fig.  655).     The  color  of  the  softened  mass  will  of  course  depend 
upon  the  relative  amounts  of  these  elements. 
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The  tissue  may  remain  for  a  long  time  in  the  soft  condition,  or  it 
may  be  absorbed  and  replaced  by  a  connective-tissue  cicatrix  which 
may  be  more  or  less  pigmented;  or  a  wall  of  connective  tissue  may 
form  about  it,  converting  it  into  a  well-defined  cyst,  with  or  without 
pigmented  walls;  or  the  mass  may  dry  and  form  a  dense,  structureless 
nodule.  Acute  inflammatory  changes  may  occur  about  the  dead  tissue. 
In  cases  of  infectious  emboli  numerous  abscesses  may  be  formed  in  addi- 

tion to  their  mechanical  action. 

Thrombi  are  most  frequent  in  the  internal  carotids,  less  frequent  in  the 
middle  cerebral,  basilar,  and  vertebrals.  They  may  occur,  but  still  less 
frequently,  in  other  cerebral  arteries.  Emboli  are  most  common  in  the 
middle  cerebral  artery,  next  in  the  internal  carotid,  and  then  in  the  basi- 

lar. The  relative  frequency  with  which  embolism  occurs  in  the  middle 
cerebral  artery  is  attributable  to  the  directness  with  which  the  blood 
passes  into  this  artery  from  the  heart.  The  great  significance  attaching 
to  embolism  of  the  middle  cerebral  artery  is  evident  when  we  remember 
that  its  branches  within  the  brain  are  terminal  arteries,  and  are  dis- 

tributed to  such  important  structures  as  the  lenticular  and  caudate 
nuclei,  the  internal  capsule,  and  the  optic  thalamus. 

Thrombosis  and  embolism  also  occur  in  the  vessels  of  the  spinal  cord, 
though  less  frequently  than  in  those  of  the  brain.  As  in  the  brain,  when 
they  involve  terminal  arteries,  they  determine  areas  of  softening  and 
consequent  secondary  degenerations. 

Lesions  of  the  Vessel  Walls  in  the  Brain  and  Cord. 

The  mural  changes  in  the  vessels  are  not  peculiar  to  the  nervous  sys- 
tem: the  most  frequent  is  that  known  as  atheroma  or  arterio-sclerosis. 

It  is  especially  common  in  the  system  of  arterial  trunks  which  make  up 
the  circle  of  Willis.  Fatty  degeneration  is  often  found  in  the  vessel 
walls  coincident  with  the  increase  in  the  connective-tissue  elements. 
Calcification  may  occur  and  may  be  so  extensive  that  the  whole  or  a 
greater  part  of  the  circle  of  Willis  is  converted  into  a  series  of  hard 

tubes  usually  somewhat  larger  than  normal.  More  commonly  the  cal- 
careous areas  are  irregular  in  their  distribution,  giving  to  the  vessels  a 

nodular  appearance.  Fatty  degeneration  may  also  occur,  though  more 

rarely,  as  an  independent  lesion.  It  afi'ects  particularly  the  muscular 
coat.  Hyaline  degeneration  may  also  occur  either  as  an  independent 
lesion,  which  is  quite  frequent  in  the  brains  of  idiots,  or  as  the  initial 
lesion  of  a  sclerosis. 

DEGENERATION  AND  INFLAMMATION  IN  THE  BRAIN,  SPINAL  CORD,  AND 
f  NERVES. 

I  Review  of  Nonnal  Morphology. 

'  While  the  scope  of  this  work  does  not  warrant  a  detailed  description  of  the  mor- 
j  phology  of  the  nervous  system,*  our  appreciation  of  the  pathological  changes  to  which 

it  is  subject  is  so  dependent  upon  an  accurate  knowledge  of  its  morpholog>',  that, 
j  before  proceeding  further,  a  brief  resumi  of  some  of  the  more  fundamental  points  in  its 
f  structure  and  architecture  cannot  wisely  be  omitted. 

j  1  For  this  the  reader  is  referred  to  such  works  as  "The  Nervous  System,"  by  Barker^  and  the 
"Anatomie  du  Syst^me  Nerveux  de  rHomme,"  by  Van  Gehuchten. 
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The  studies  of  Golgi  and  of  his  successors  in  the  use  of  his  technique  have  led  to  the 
so-called  neurone  conception  of  nervous-system  structure.  According  to  this  view, 
the  neurone  represents  the  structural  unit  of  the  nervous  system.  The  neurone  is  the 
nerve  cell  with  all  its  prolongations,  and  the  nervous  system  in  toto  is  but  an  orderly 
association  of  an  immense  number  of  these  neurone  units.  Although  these  neurones 
differ  from  one  another  as  to  details  of  structure  they  still  present  an  essential 
similarity. 

The  neurone  is  first  distinguishable  as  a  small  round  cell  in  the  epiblastic  lining  of 
the  embryonic  neural  canal.  Such  a  cell  is  entirely  devoid  of  processes.  It  soon, 
however,  becomes  pyriform,  and  from  the  tip  of  the  pear  grows  out  a  process,  which  is 
the  axis-cylinder  process  or  axone.  Later  other  processes  appear  as  outgrowths  of  the 
cell  body.  These  are  the  protoplasmic  processes  or  dendrites.  Each  adult  neurone 
then  consists  of  a  cell  body,  and  passing  off  from  this  cell  body  two  kinds  of  processes 
(Figs.  656  and  657). 

The  Cell  Body. — Our  knowledge  of  the  internal  structure  of  the  nerve  cell  has  been 
greatly  increased  in  the  last  few  years  by  the  application  of  a  special  technique  devised 

by  Nissl.^     Subjected  to  this  technit(ue  nerve  cells  present  two  very  different  types  of 
reaction.     Ortain  cells,  such,  for  example,  as  the  cells  of  the  granule  layers  of  the 
cerebellum  and  of  the  olfactory  lobe,  stain  only  as  to  their  nuclei,  the  cell  bodies  them- 

selves remaining  entirely  unstained.     To  such  cells  Nissl  has  given  the  name  of  caryo- 
chromes.     It  is  obvious  that  the  method  of  Nissl  gives  no  insight  into  the  structure  of 
these  cells.     The  majority  of  nerve  cells,  however,  react  both  as  to  their  nuclei  and 
as  to  their  cell  bodies  to  the  Nissl  stain.     These  cells  Nissl  designates  as  somatochromes. 
Such  a  cell  presents  the  following  appearance  (Plate  XIII.,  I).     There  is  a  nucleus 
identical  in  structure  with  nuclei  found  in  other  cells.     It  is  bounded  by  a  nuclear 
membrane  and  traversed  by  a  network  which  takes  a  comparatively  light  blue  stain. 
Within  the  nucleus  is  a  nucleolus  staining  an  intense  blue.     In  the  cell  body  two 
distinct  elements  appear:  a  clear  grgund  substance,  unstained;  and  scattered  through 
it  deep  staining  masses,  known  as  chromophilic  bodies.  The^e  chromophilic  bodies 
are  granular,  and  differ  in  size,  shape,  and  arrangement.     These  differences  have 
served  as  a  basis  of  classification.     Presenting  variations  in  different  types  of  cells, 
their  appearance  in  a  given  type  remains  constant.     Most  investigators,  while  differing 
in  details,  agree  in  ascribing  to  the  unstainable  substance  a  definite  structure.     This 
structure  is  usually  described  as  composed  of  a  fibrillar  or  reticular  network  lying  in 
a  more  or  less  homogenous  ground  substance.     With  the  use  of  the  ordinary  technique 
of  Nissl,  all  of  the  cell  body,  excepting  the  chromophilic  bodies,  remains  unstained  and 
apparently  structureless.     Our  ideas  as  to  the  physiology  of  these  different  elements 
of  the  nerve  cell  rest  largely  upon  a  theoretical  basis.     It  has  been  shown  that  the 
nerve  cell  represents  the  genetic  centre  of  the  neurone.     From  the  behavior  of  the 
processes,  when  cut  off  from  the  nerve  cell,  it  is  evident  that  the  cell  body  represents 
the  nutritive  or  trophic  centre  of  the  neurone.     It  seems  probable  that  from  the  stand- 

point of  neurone  activity,  the  cell  body  represents  the  functional  centre  of  the  neurone, 
while  the  processes  act  as  organs  of  reception  or  distribution.     Certain  facts,  such  as 
the  entire  absence  of  the  chromatic  substance  in  many  nerve  cells,  in  the  axones  of  all 
nerve  cells,  and  its  diminution  during  functional  activity  and  in  fatigue,  together  with 
its  behavior  under  certain  pathological  conditions,  lend  weight  to  the  view  that  the 
stainable  substance  of  Nissl  represents  a  food  element  of  the  cell.     The  achromatic 
element,  on  the  other  hand,  is  continuous  with  the  fibrillaj  of  the  axone,  and  is  con- 

sidered by  most  investigators  as  representing  the  essential  nervous  mechanism  of  the 
cell.     The  relation  of  the  Nissl  picture  to  the  conditions  existing  in  the  protoplasm  of 
the  living  cell  still  remains  an  unsolved  problem.     The  importance  of  the  Nissl  method 
from  the  standpoint  of  pathology  lies  in  the  fact  that  when  subjected  to  a  given 
technique,  a  given  type  of  nerve  cell  presents  always  the  same  appearance,  and  that 
this  appearance  furnishes  a  norm  of  comparison  with  cells  showing  pathological 
changes  which  have  been  subjected  to  the  same  technique. 

Pigment. — In  addition  to  the  elements  already  described,  more  or  less  pigment  in 
the  shape  of  fine  brownish  yellow  granules  is  often  present  in  nerve  cells.     It  is  not 

^  See  Nwsl's  method  of  staining,  p.  982. 
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called 

sylinder  of  a  ̂ 

044 

found  in  cells  of  the  new-born.     It  increases  with  &ge,  and  in  old  age  oft«n  fills  up  a 
large  part  of  the  cell  body.     Ita  significance  is  not  known. 

The  protoplasmic  procfssca  or  dendrites  are — at  least  the  larger  trunks — of  the 
same  structure  as  the  cell  body  (Plate  XIII.,   1).     That  the^  larger  trunks  have 
functions  similar  to  tho:<e  of  the  cell  body  seems  probable  from  the  fact  that  the  axone 

not  infrequently  takes  origin  from  a  large  dendritic 

^   ^  _^   ̂ ^^^   trunk  instead  of  directly  from  the  body  of  the  cell. 

~"~■^.__^._v^  "T^^"*^-— T"*^^^^ The  chromatic  substance  is  present  in   the  den- 
~  V^i.  -  r      ̂   driten,  as  elongated  rods  with  triangular  masses  at 

the  points  of  bifurcation.  The  achromatic  ele- 
menta  are  apparently  of  the  same  character  as  in 
the  body  of  the  cell.  The  protoplasmic  processes 
divide  dichotomously,  becoming  rapidly  smaller, 
and  end  at  a  comparatively  short  distance  from 

the  cell  body.'  Stained  by  the  method  of  Golgi, 
the  dendrites  are  seen  to  be  covered  with  minute 

projections  or  "gemmules,"  often  ending  in  a 
small  bull).  These  processes  are  cellulipetal  in 

character,  carrj-ing  impulses  alwavs  toward  the 
cell. 

The  azis-cijlinder  praceaa  or 
from  its  often  liecoming  the  a 

nerve  fibre — is  usually  single.  It  f;enerally  ai 
directly  from  the  body  of  the  cell,  but  may  arise, 

as  already  mentioned,  from  one  of  the  larger  pro- 
toplasmic trunks.  It  is  differentiated  from  the 

dendrites  in  Nissl  preparations  by  always  taking 
origin  from  an  area  in  the  cell  body  free  from 
chromatic  substance,  and  by  being  itself  entirely 
achromatic  {Plate  XIII.,  I) ;  in  Golgi  specimens,  it 
is  recognized  by  ita  straight  course,  uniform 
diameter,  and  smooth  outline  (Fig.  656).  It  sends 

off  few  branches,  and  these  at  right  angles  (collat- 
erals). This  axone  may  extend  a  great  distance 

from  the  cell  body;  for  example,  the  axones  of 
certain  motor  cells  of  the  spinal  cord  extend  to  the 
muscles  of  the  hands  or  feet.  Both  the  axonc 

proper  and  its  collaterals  end  in  terminal  arboriza- 
tions. Their  conductivity  is  cellulifugal — that  is, 

they  always  carry  impulses  from  the  cell.  In  cer- 
tain cells  the  axis-cylinder  processes  branch  rapidly 

and  end  in  the  gray  matter  in  the  vicinity  of  their 
cells  of  origin  (Fig.  657).  An  axone  may  pass  from 
its  cell  of  origin  to  its  termination  uncovered  by 

any  sheath.  Such  axones  are  found  in  certain 
portions  of  the  gray  matter.  An  axone  may  be 
enveloped  only  by  a  thin  membrane,  the  sheath  of 
Schwann,  as,  e.g..  the  fibres  of  Remak  found  mainly 

in  the  sympathetic  system.  An  axone  may  be  sur- 
rounded by  a  myehn  sheath  alone,  as  in  the  whit* 

matter  of  the  brain  and  cord,  or  by  both  a  myelin 

sheath  and  a  sheath  of  Schwann,  as  in  the  fibres  of  the  peripheral  nerves,  with  the 

exception  of  the  olfactory  and  optic. 

According  to  the  strict  neurone  conception  of  nervous-system  structure,  each  neu- 

rone is  considered  a  complete  morphological  and,  to  a  lesser  degree,  physiological 

entity.  It  has  no  anatomical  connection  with  any  other  neurone,  A^ociation 

between  neurones  takes  place  by  contact  or  contiguity,  and  never  l)y  continuity  of 

'  divplian.  periphernl  m 





Explanation  of  Plate  XIII. * 

1.  Normal  Gxsauos  Cell.     Large  motor  cell  from  anterior  horn  of  human  spinal  cord,  showing 
the  nucleus  in  its  normal  central  position  with  its  nucleolus.  In  the  body  of  the  cell  are  seen  the 
chromophilic  bodies  of  various  shapes  and  sizes.  Three  main  protoplasmic  trunks  or  dendrites 
pass  off  from  the  upper  portion  of  the  cell.  In  these  the  chromophilic  bodies  are  rod-shaped.  The 
largest  process  branches  at  a  short  distance  from  the  cell.  To  the  left  is  seen  the  axone  or  axb- 
cylinder  process  free  from  chromatic  substance,  as  is  also  that  pqrtion  of  the  cell  from  which  it 
takes  origin  (axono  hill). 

2.  Ganquon  Cell  frou  the  Anterior  Horn  of  the  Human  Spinal  Cord  of  a  Case  of  Alcoholic 
Neuritis.  Showing  eccentricity  of  the  nucleus  and  a  large  central  area  of  the  cell  body  free 

from  chromatic  substance  (central  chromatolysis),  with  an  arrangement  of  the  remaining  chromo- 
philic bodies  around  the  periphery'.  (The  similarity  between  the  appearance  of  this  cell  and  the 

one  shown  in  Fig.  6  should  be  noted.) 

3.  Ganglion  Cell  from  the  Anterior  Horn  of  the  Spinal  Cord  of  a  Rabbit  Inoculated  with 
Rabic  Virus  and  Killed  Shortly  After  the  Onset  of  Symptoms.  Shows  an  early  stage  of 
chromatolysis;  the  chromophilic  bodies  being  pale,  ragged,  and  vacuolated. 

4  Ganguon  Cell  from  the  Anterior  Horn  of  the  Spinal  Cord  of  a  Rabbit  which  Died  on  the 

Ninth  Day  After  Inoculation  with  Rabic  Virus.  Shows  extreme  chromatolysis.  onlj*  a 
few  fine  granules  of  chromitic  substance  remaining  at  the  periphery.  The  cell  is  swollen,  the 
nucleus  has  disappeared,  and  the  cell  body  and  processes  are  stained  more  deeply  with  the  eiythroein 
than  is  the  case  in  normal  cells. 

5.  Normal  Ganguon  Cell  from  a  Human  Spinal  Ganguon  of  the  Posterior  Root,     Showing 
central  position  of  the  nucleus  and  the  concentric  arrangement  of  the  chromophilic  bodies. 

6.  Ganguon  Cell  from  the  Posterior  Root  Ganguon  of  a  Rabbit  Three  Weeks  After  Section 

OF  THE  Sciatic  Nerve.  The  cell  shows  extreme  eccentricity  of  the  nucleus  with  central  chro- 
matolysis and  a  peripheral  arrangement  of  the  remaining  chromophilic  bodies — axonal  degeneration. 

(There  also  remains  in  the  central  portion  of  the  cell  some  chromatic  substance  in  the  shape  of 
fine  granules  forming  an  irregular  reticulum.  The  similarity  between  this  picture  and  the  one 
shown  in  Fig.  2  is  apparent.) 

7.  Portion  of  a  Posterior  Root  Ganguon  from  a  Case  of  Tabes  Dorsaus.     Showing  degeneration 
in  the  ganglion  cells  with  increase  in  the  interstitial  connective  tissue. 

8.  Two  Pyramidal  Cells  from  the  Normal  Human  Cerebral  Cortex.     While  the  pyramidal 
cells  in  the  human  cortex  vary  considerably  in  the  amount  of  chromatic  substance  which  they 
contain,  these  are  of  an  average  type. 

9.  Two  Pyramidal  Cells  of  the  Human  Cerebral  Cortex  from  a  Case  of  Eclampsia.     These 
cells  show  marked  chromatolysis. 

*  In  the  staining  of  the  specimens  from  which  these  drawings  were  ma<le.  Held's  modification  of 
Nissl's  method  was  used.  This  consults  essentially  in  a  preliminary  staining  of  the  sections  with  a 
one-per-cent.  aqueous  solution  of  erj'throsin. 



FaXY\o\ogy-~Delafie!d  &  Prudden. 

f*^  /^:: 

L(.'sioiis  >,l  (ian-lion  Cells.— (st.iin,-!  l.y  xi,.i  .,  m,.,Ii 





THE    \ERVOUS    SYSTEM  945 

their  protoplasm.    The  passage  of  an  impulse  is  always  from  the  terminal  arboriza- 
tions of  axonea  or  collaterals  to  the  dendrites  or  cell  body  of  the  other  neurone. 

The  validity  of  the  neurone  theory  has  been  recently  called  in  question  by  such 

prominent  neurologists  as  Meld,  Apathy,  Bethe,  and  NissI,'  on  the  ground  that  in 
many  cases  axones  pass  directly  into  the  proto- 
plaHm  of  another  neurone  and  that  the  neurofilirils 
are  sometimes  continuous  throughout  a  series  of 
neurones.  Sissl  in  a  critical  review  upon  the 
present  status  of  the  neurone  theory  announces  his 
belief  that  the  entire  neurone  concept  has  been 
proved  fallacious  and  must  be  abandoned. 

Admitting  that  the  discovery  of  anastomoses 
between  neurones  and  of  the  continuity  of  the 
neurofibrils  must  be  accepted  as  invalidating  some 
of  our  ideas  as  to  the  separateness  of  the  neurone 

units,  it  car  still  hardly  be  considered  as  over- 
throwing the  entire  neurone  theory.  Embryo- 

logically,  morphologically,  and  physiologically  the 
neurone  shows  a  marked  degree  of  individuality. 
and  the  fact  that  neurones  sometimes,  usually,  or  iv        j- 

even  always,  anastomose  no   more   warrants  the      nnii°NGUi>K-i.'cu!p'awKfir''^>'Faou giving  up  of  the  neurone  as  essentially  a,  unit  than 
did  the  discovery  of  the  fact  that  the  protoplasm  of 
epithelial  cells  was  continuous  through  intercellular 

"bridges"  necessitate  the  giving  up  of  the  epi-     ..^„, thelial  cell  as  the  structural  unit  of  epithelium. 
The  cell  bodies  of  neurones  are  grouped  mainly  in  the  gray  matter  of  the  brain  and 

cord,  in  the  ganglia  of  cranial,  spinal,  and  sympathetic  nerves,  and  in  the  peripheral 
end  organs  of  certain  of  the  nerves  of  special  sense.  Protoplasmic  processes  ramify 

mainly  within  the  gray  matter.'  While  some  terminate  in  the  gray  matter  in  the 
immediate  vicinity  of  their  cells  of  origin,  it  is  the  axones  that  make  up  the  bulk  of 
the  whit«  matter  of  the  brain,  cord,  and  peripheral  nerves. 

yeiirogtiu. — In  addition  to  the  e.\tensions  inward  of  the  pia  mater  and  the  con- 
nective lifi.sue  of  the  blood-vessels,  there  is  found  in  both  gray  and  white  matter  a 

tissue,  proi)ably  supportive  in  function,  and  peculiar 

to  the  nervous  system — -the  neuroglia.  Like  the 
neurone,  it  originates  in  the  epiblastjc  cells  lining 
the  embryonic  neural  canal.  These  cells,  at  first 
morphologically  identical,  soon  differentiate  into 
neuroblasts  or  future  neurones,  and  spongiobasts, 
or  future  neuroglia  cells.  In  the  adult  two  main 
types  of  neuroglia  cells  are  found,  spider  cells 

{Fig.  638),  with  spine-like,  straight,  unbranching 
processes,  and  mossy  cells  (Fig.  059)  with  thick, 
rough,  branching  arms.  The  former  are  found 
chiefly  in  the  white  matter,  the  latter  in  the  gray 
matter  in  connection  with  lilood- vessels.  As  in  the 

cn.-«  of  the  nerve  cell,  the  procos.sM  of  these  cells  do 

Fio  RiS  — NEinnoii*  Ceil— SniDEH  "'*'  anastomose,  but  interlace,  forming  a  dense 
TiPE— HiMA.'j  fEDEBRin.  fcltwork.       Uv   a    .special    stain,   Weigert  demon- 

strates neur<)glia  cell  nuclei  and  separate  fibrils. 
It  seems  probable  that  this  method  fails  to  sliow  the  body  of  the  cell,  while  staining 
its  nuclei  and  the  fibrils  which  pa.ss  through  it. 

It  would  thu.s  appear  that  the  architecture  of  the  central  nervous  sy. stem,  consid- 
ered as  an  organ,  is  analogous  to  that  of  other  organs.     It  has  in  the  neurone  its  paren- 

chynia,  and  this  parenchyma  is  supported  and  bound  together  by  a  framework  of 

I  ynr  a  priCiral  vipw  of  tbp  opinions  of  thnw  u-ri1en  fonsutt  tbe  laat  edition  of  I'an  Gehuthten't 
"Aauliimic  ilii  .-'.v^t^mi'  Xpnriiii." 
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connective  tissue.     The  essential  difference  lies  in  the  f&ct  that  it 
hi^heat  morphaloKieal  differentiation  which  protoplasm  has  attained,  representing 
chemically  the  most  complex  molecules  known.     In  the  axone,  sometimes  a  metre  or 
more  in  length,  of  a  cell  of  microscopic  dimensions,  there  is  a  distribution  of  cell 
protoplasm,  such  as  occurs  in  no  other  tissue  or  organ.     The  neuroglia  also,  while 

without  question  a  tissue  supportive  in  func- 
tion,   h   embryolot;ically   and  morphologlcally 

different  from  other  forms  of  c 

DEGEnERATION. 

Neurone  Degeneratiox. 

Degenerative  changes  may  affect  the 
entire  neurone  or  any  of  its  parts.  Such 
changes  may  result  from  direct  injury 

to  some  part  of  tlie  neurone,  to  diminu- 
tion or  modification  of  its  nutritive  sup- 

Fiu.  859.--NBum,iiLi*ciLL— M.™r        ply,,to  various  toxic  conditions,  etc. 
I.  Changes  In  the  Neurone  from  In- 

jury to  One  of  Ite  Parts. — (a)  Changes  in  the  Axone  Kesilting  from 
Separation  from  Its  Cell  Body. — That  changes,  presumably  of  a 
degenerative  character,  occur  in  the  peripheral  end  of  a  nerve  when  its 
connection  with  the  central  nervous  system  is  broken  has  long  been 
known.  This  degeneration  takes  place  as  well  in  the  central  as  in  the 
peripheral  nervous  system,  and  is  complete,  involving  every  portion 
of  the  axone  distal  to  the  point  of  section.  The  changes  are  not 
progressive  from  the  point  of  lesion,  but  occur  at  nearly  the  same  time 
in  all  parts  of  the  distal  stuntp.  These  changes  consist  in  a  breaking 
up  of  the  medullary  sheath  into  segments  (Fig.  (j60),  which  in  turn  dis- 

integrate, forming  variously  shaped  masses  of  myelin,  among  which 
may  be  seen  the  axis  cylinder,  the  whole  l>eing  enclosed  by  the  neu- 

rilemma. The  method  of  Marchi  (see  p.  981), 
which  differentiates  between  fat  and  myelin, 
shows  that  coincident  with  the  breaking  up  of 

the  myelin  there  is  an  appearance  of  fat  drop- 
lets.     These  fat  droplets  increase  in  number 

part  pansu  with  the  decrease  in  myelin,  but  f,o,  mo.— n el-hone  Degeneha- 

also  ultimately  disappear.  During  the  progress  '"™  ̂ f^^H  isjinr. f  .1  I  ■      .  I  111  I        ..I      ̂ L  Tf^nscxi  Derw  fibres  from  delal 
of  these  changes  in  the  medullary  sheatli,  the  poribn  of  wiaiic  nerve  of  mbbii 
axis  cylinder  at  first  segments  and  then  under-     <t>ree  weeks  afi«r  division  of  the ,.        ,    ,.  ~,  .,  ,.  nerve.      0»tnie-fleid    alain.      The 
goes  dissolution.  Ihe  neurilemma,  on  the  ur^e  and  bdisii  bUck  muse* 

other  hand,  appears  to  take  no  part  in  the  '^^wat'.'iro'' lets'**™'"*  "'■■''"' degenerative   proce.ss.      On   the   contrary,  it 
and  its  nuclei  remain  intact  to  take  part  later  in  regenerative  changes, 
should  these  occur.  If  there  is  no  reunion  of  the  severed  ends  of  the 

axone,  the  peripheral  portion  completely  disappears,  its  place  being 
taken  by  connective  tissue. 

(d)  Changes  in   Dendrites   Resvltikg  from  Their  Separ.\tion 

from  Their  Cell  Bodies.— If  we  consider,  as  does  Van  Gehtichten,'  that 
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the  peripheral  arm  of  the  spinal  ganglion  cell  is  a  protoplasmic  process, 
making  a  physiological  rather  than  a  morphological  differentiation,  we 
find  that  the  same  law  holds  good  for  dendrites  as  for  axones  when 
separated  from  their  cell  bodies.  Thus  in  the  divided  peripheral  nerve 
those  fibres  which  are  the  processes  of  the  spinal  ganglion  cells  undergo 
the  same  degenerative  changes  as  do  the  fibres  which  are  processes 
of  cells  of  the  anterior  horn.  Most  dendritic  processes  are,  however, 
so  short  and  terminate  in  the  gray  matter  so  near  the  cells  from  which 
they  originate  that  experimental  separation  of  the  process  from  its 
cell  body  is  impracticable.  In  view  of  the  fate  of  the  axone,  however, 
and  the  relation  of  the  dendrites  to  the  cell  body,  there  can  be 
little  doubt  that  as  complete  degeneration  follows  the  severance  of  a 
protoplasmic  process  from  its  cell  of  origin  as  follows  in  the  case  of 
the   axone. 

(c)  Changes  in  the  Proximal  Stump  and  in  the  Cell  Body  Re- 
sulting FROM  Lesion  to  the  Axone. — The  fundamental  principle 

of  the  law  of  Waller  was  the  complete  degeneration  of  the  distal  portion 
of  the  divided  nerve,  while  the  proximal  stump  remained  intact.  Our 
present  conceptions,  however,  of  the  interdependence  of  the  different 
parts  of  the  neurone,  and  of  the  axone  as  the  outlet  for  neurone  energy, 
would  lead  us  to  expect  certain  changes  of  an  atrophic  nature  in  the 
proximal  stump  and  in  the  cell  body,  as  a  result  of  separation  from  its 
axone  and  consequent  inability  to  functionate.  That  such  changes  take 
place  recent  improvements  in  cytological  technique  have  enabled  us 
to  determine.  The  method  of  Marchi  shows  that  degenerative  changes 
occur,  not  only  in  the  distal,  but  in  the  proximal  end  of  the  divided 
nerve.  These  changes  take  place  more  slowly  than  in  the  distal  portion, 
but  are  apparently  identical  in  character. 

In  the  body  of  the  cell  the  method  of  Nissl  demonstrates  marked 
changes  after  section  of  the  axone.  These  changes  may  be  observed 

within  twenty-four  hours  after  the  injury.  They  consist  in  a  diminu- 
tion in  the  chromatic  elements  of  the  cell,  chromatolvsis.  This  is  most 

marked  in  the  central  portion  (central  chromatolysis) ,  a  distinct  ring 
of  chromophilic  bodies  around  the  periphery  often  remaining.  The 
nucleus  usually  migrates  toward  the  periphery  and  may  even  bulge 
from  the  cell.  In  the  case  of  the  hypoglossal  nerve  in  the  rabbit,  these 
changes  reach  their  maximum  in  from  two  to  three  weeks.  The  future 

of  some  of  these  cells  is  complete  degeneration.  Others  apparently  un- 
dergo regeneration.  The  intensity  of  the  reaction  of  the  nerve  cell  to 

injury  to  its  axone  depends  upon  the  severity  of  the  injury.  Thus  cut- 
ting the  nerve  is  followed  by  more  prompt  and  marked  changes  in  the 

nerve  cell  than  simple  compression,  while  pulling  out  the  nerve  roots  is 
followed  by  a  still  more  intense  reaction.  Again,  there  is  a  difference  in 

the  resisting-powers  of  different  types  of  cells.  Thus  the  motor  cells  of 
the  anterior  horn  are  peculiarly  resistant  to  injury  to  their  axones,  as 
are  also  the  spinal  ganglion  cells  to  injury  to  their  central  processes. 

Again,  between  cells  of  the  same  type  there  are  marked  variations  in  re- 
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sisting-powers.     Thus  the  motor  cells  of  the  anterior  horn  are  much  more 
resistant  than  the  cells  of  the  motor  cranial  nuclei.* 

(d)  Changes  in  the  Cell  Body  Resulting  from  Lesions  to  Its 

Dendrites. — In  the  study  of  the  effect  upon  the  cell  body  of  a  lesion 
depriving  it  of  one  or  all  of  its  dendritic  processes,  we  meet  with  the 
same  experimental  obstacles  already  mentioned  in  connection  with 
changes  in  the  dendrites.  It  is,  again,  only  in  the  peripheral  arm  of  the 
spinal  ganglion  cell  that  we  have  a  cellulipetal  process  of  any  considerable 
length.  Section  of  this  process  results  in  changes  in  the  spinal  gan- 

glion cell  quite  similar  in  character  to  the  so-called  '*  axonal "  degenera- 
tion (Plate  XIII.,  6).  If  we  consider  that  a  cell's  dendrites  probably 

furnish  its  most  important  avenue  for  the  reception  of  impulses,  it  follows 
that  a  neurone  may  be  thrown  as  completely  out  of  circuit,  as  it  were, 
by  injury  to  its  dendrites  as  by  injury  to  its  axone.  The  experiments 

of  Warrington^  are  interesting  in  this  connection.  He  attempted  to 
bring  about  the  same  functional  effect  as  would  result  from  section  of  a 

cell's  dendrites,  by  inhibiting  afferent  impulses.  Cutting  the  posterior 
roots,  he  noted  changes  in  the  cells  of  the  anterior  horn.  The  inference 
was  that  these  changes  were  induced  by  an  inhibition  of  the  customary 
normal  stimulation  by  means  of  the  afferent  impulses  reaching  the  cells 
through  their  dendritic  processes. 

II.  Changes  in  the  Neurone  from  Interference  With  Its  Nutrition. — 
Changes  apparently  of  a  degenerative  character  have  been  described  in 
neurones  as  a  result  of  interference  with  nutrition.  Thus  Brieger  and 

Ehrlich'  found  that  by  temporarily  applying  a  ligature  to  the  abdominal 
aorta,  they  induced  an  acute  necrosis  of  the  cells  of  the  lumbar  cord. 
Later  experiments  of  a  similar  nature  followed  by  the  Marchi  staining 
showed  that  the  degenerative  process  affected  not  only  the  cell  bodies, 
but  the  entire  neurone.  Similar  degenerative  changes  have  been  induced 
by  experimentally  produced  multiple  emboli,  cells  in  the  vicinity  of  the 
occluded  vessels  being  in  marked  contrast  to  cells  from  regions  whose 

vessels  remained  patent.  Ewing^  describes  definite  degenerative  changes 
in  nerve  cells  as  a  result  of  anaemia  consecutive  to  pressure  from  cere- 

bral haemorrhage  and  to  thrombosis  of  the  basilar  artery.  Less  marked 

changes  have  been  observed  in  cases  of  general  malnutrition  and  in  se- 
vere anaemias. 

III.  Effects  of  Toxins  upon  Neurones. — Changes  of  a  degenerative 
character  occur  in  neurones  as  a  result  of  the  action  of  toxins.  These 

toxins  may  be  introduced  into  the  body  from  without,  for  example,  such 
poisons  as  alcohol,  arsenic,  lead,  strychnin,  etc.;  they  may  be  elaborated 
within  the  body  as  the  result  of  faulty  metabolism,  for  example,  in  urae- 

mia, eclampsia,  etc.,  or  as  a  result  of  the  action  of  bacteria,  as  in  tetanus, 
rabies,  (Plato  XIII.,  3,  4,  and  8),  diphtheria,  etc.,  or  of  the  Plasmodium 

*  For  review  and  bibliography  of  changes  in  the  nerve  cell  and  in  the  proximal  stump  after  sscction 
of  a  peripheral  nerve  consult  Barker,  "The  Nervous  System,"  p.  229  el  aeq. 

*  Warrington,  W.  B.,  "On  the  Structural  Alterations  in  Nerve  Cells,"  Jour,  of  Physiol.,  London, 
vol.  xxiii.,  p.  112,  1.S98. 

^  Briff/er  und  Ehrlich,  "I'eber  die  Ausschaltung  des  Lendenmarkgrau,"  Zeitschr.  f.  klin.  Med., 
Berlin,  Bd.  vii.,  Suppl.,  IXS.i  84. 

*  Ewing.J.,  "Studies  on  (ianglion  Cells,"  Arch,  of  Neur.  and  Psychopath.,  vol.  i.,  1898. 
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malariiP.  The  effects  of  these  poisons  upon  the  neurone  vary  with  dif- 
ferent poisons  and  in  different  types  of  neurones.  The  effects  of  the 

same  poison  upon  a  given  type  of  neurone  also  vary  according  to  its 
rapidity  of  action,  whether  rapidly  fatal  or  extending  over  a  considerable 
period  of  time.  Again,  given  the  same  poison  and  the  same  time  of 
action,  not  all  neurones  even  of  the  same  type  show  an  equal  suscepti- 

bility. There  seem  to  be  marked  individual  differences  among  neu- 
rones of  the  same  type  as  regards  their  resisting  powers. 

These  changes  in  the  neurone  from  the  action  of  toxins  may  affect  one 
or  all  of  its  structural  elements,  and  vary  from  the  slightest  appreciable 
loss  of  staining  qualities  of  the  chromophilic  bodies  to  complete  destruc- 

tion of  the  neurone.  In  the  chromophilic  bodies  the  essential  change 
seems  to  be  a  decrease  in  the  amount  of  chromatic  substance,  chromatoly- 
sis.  This  may  be  evidenced  merely  by  a  decreased  staining  intensity, 
the  chromatic  masses  appearing  abnormally  pale;  the  bodies  may  have  a 

ragged  or  frayed-out  appearance  at  their  edges;  they  may  be  shrunken, 
or,  retaining  their  normal  shape  and  size,  become  vacuolated  (Plate 
XIII.,  3);  they  may  completely  disintegrate,  giving  to  the  cell  a  diffuse 
granular  appearance;  they  may  disappear,  leaving  the  cell  entirely  devoid 
of  chromatic  substance.  The  chromatic  masses  in  the  dendrites  seem  in 

many  cases  to  be  more  resistant  or  less  exposed  than  are  those  in  the  body 
of  the  cell,  often  remaining  unchanged  at  a  time  when  the  latter  show  an 

advanced  degree  of  chromatolysis.  During  these  changes  in  the  chro- 
matic element  the  cyto-reticulum  may  remain  apparently  normal  or  it 

may  more  or  less  completely  disintegrate.  This  disintegration  usually 
marks  the  more  advanced  degenerative  changes  (Plate  XIII.,  4). 

In  the  truly  achromatic  element  of  the  cell  or  cytoplasm,  our  present 
methods  of  staining  fail  to  demonstrate  lesions.  Diffuse  staining  of  this 
basement  substance  is  a  common  phenomenon  of  chromatolysis,  but 
seems  more  properly  referable  to  a  diffusion  of  the  fine  granules  resulting 
from  disintegration  of  the  chromatic  masses  than  to  any  changes  in  the 
cytoplasm  itself.  Disappearance  of  the  formed  elements  of  the  cell  often 
leaves  clear  holes  or  vacuoles  in  the  cell  body  or  gives  the  appearance  of 

cracks  or  fissures.  The  nucleus  may  remain  normal;  it  may  sw^ell  and 
its  contour  become  abnormally  distinct;  it  often  takes  a  diffuse  stain; 
later  it  shrinks,  becomes  crenated,  its  reticulum  and  limiting  membrane 
break  up  and  its  outline  is  lost.  During  these  nuclear  changes  the  nu- 

cleolus may  also  disintegrate.  It  is  often  extremely  resistant,  remaining 
apparently  unchanged  after  most  of  the  other  parts  of  the  cell  have  be- 

come unrecognizable.  Concurrent  with  these  changes  in  internal  struc- 
ture are  changes  in  the  shape  and  size  of  the  cell.  Its  contour  becomes 

irregular,  and  its  edges  present  an  eroded  appearance;  the  cell  body 
shrinks  away  from  its  cell  space,  breaks  up,  and  ultimately  disappears. 
The  dendrites  undergo  alterations  similar  to  those  in  the  body  of  the 
cell.  They  shrink,  become  separated  from  the  cell  body,  and  finally 
disintegrate. 

That  part  of  the  neurone  which  shows  most  marked  evidences  of  its 
effect  is  not  necessarily  the  part  upon  which  the  poison  is  most  directly 
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acting.  Thus  a  toxin  affecting  directly  the  cell  body  may  cause  the 
earliest  and  most  pronounced  changes  far  out  in  its  dendritic  or  axonal 
processes,  i.e.,  in  those  parts  of  the  neurone  farthest  removed  from  the 
trophic  centre. 

To  the  action  of  a  specific  poison  certain  neurones  seem  less  resistant 
than  others.  Thus,  to  the  action  of  lead  those  neurones  governing  the 
extensor  muscles  of  the  wrist  seem  especially  susceptible.  The  cells  of 
the  motor  nucleus  of  the  trigeminus  seem  to  be  less  resistant  than  other 
motor  cells  to  the  poison  of  tetanus.  Again,  the  frequency  with  which 
tabes  dorsalis  is  associated  with  a  syphilitic  history  seems  to  indicate  a 
special  susceptibility  to  the  syphilitic  poison  on  the  part  of  the  peripheral 
sensory  neurone. 

Comparing  the  changes  in  the  nerve  cell  in  toxsemias  (Plate  XIII.,  3  and  4)  with 
those  induced  by  lesions  to  its  axone — axonal  degeneration  (Plate  XIII.,  6) — we  note 
that  while  in  the  latter  the  chromatolysis  is  central  in  character,  beginning  in  the 
region  of  the  axone  hill  and  nucleus,  in  the  former  the  changes  l>egin  at  the  periphery, 
the  portion  of  the  cell  in  most  direct  relation  to  the  surrounding  lymph.  In  axonal 
degeneration  the  nucleus  is  usually  eccentric.  In  toxaemia  it  usually  remains  central, 
at  least  until  the  process  of  degeneration  is  far  advanced.  While  this  distinction  holds 
good  in  general  and  while  the  phenomena  of  central  chromatolysis  and  eccentricity 
of  the  nucleus  regularly  follow  injury  to  the  axone,  we  are  not  yet  warranted  in  stating 
that  such  changes  never  occur  except  after  some  injury,  or  that  the  presence  of  such 
changes  in  the  cell  can  be  explained  only  on  the  basis  of  injury  to  its  axis-cylinder 
process. 

IV.  Effects  of  Fatigue  upon  Neurones. — Studies  upon  the  efifect  of  fa- 
tigue upon  the  neurone  have  been  made  in  animals  after  prolonged  mus- 
cular activity  and  after  electrical  stimulation.  While  the  results  are  not 

in  complete  accord,  there  seems  to  be  little  doubt  that  definite  morpho- 
logical changes  occur  in  the  neurone  as  a  result  of  fatigue.  These  changes 

consist  in  a  decrease  in  the  size  of  the  cell  body,  a  decrease  in  the  size  of 
the  nucleus,  often  with  distortion,  and  a  marked  decrease  in  the  amount 
of  chromatic  substance  with  more  or  less  diffuse  staining  of  both  cell 
body  and  nucleus. 

It  seems  not  at  all  improbable  that  the  clinical  pictures  presented  by  certain  psy- 
choses and  neuroses  are  the  expression  of  the  effects  upon  the  neurones  of  prolonged 

fatigue.  Certain  local  expressions  of  neurone  exhaustion,  as,  for  example,  writer's 
cramp,  may  possibly  also  be  placed  in  the  same  category. 

As  to  the  significance  of  those  changes  in  the  nerve  cell,  which  are  marked  by  dim- 

inution in  the  chromatic  substance  alone,  and  to  which  the  term  "chromatolysis"  has 
been  given,  there  is  a  considerable  difference  of  opinion.  Marinesco*  considers  them 
of  the  nature  of  degeneration.  Van  Gehuchten^  is  inclined  to  look  upon  the  phenome- 

non as  conservative  in  character,  a  means  by  which  the  neurone  a.ssumes  a  condition 
most  advantageous  for  self-defence.  It  has  been  shown  that  even  an  extreme  degree 
of  chromatolysis  is  not  incompatible  with  function.  Marinesco  insists  that  so  long  as 
the  changes  are  confined  to  the  chromatic  substance  recovery  is  possible,  no  matter 
how  extensive  the  alterations,  while  changes  in  the  achromatic  elements  are  always 
permanent  in  character.     It  seems  quite  probable  that  a  comparatively  easy  method 

»  Marinesco,  G.     See  Van  Gehuehten's  "Anatomic  du  Syst^me  Nerveux,"  p.  339. 
2  Van  Oehiwhten,  loc.  cit.,  p.  .3.39. 
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of  investigation  has  led  to  an  overestimation  of  the  significance  of  changes  in  the 
chromatic  substance  of  the  neurone,  and  to  a  neglect  of  probably  more  important  but 
less  easily  studied  changes  in  the  achromatic  element. 

Regeneration. 

Regeneration  of  nerve  tissue  in  the  sense  of  an  actual  reproduction 

of  neurones  probably  never  occurs  in  the  adult  human  nervous  system.* 
As  has  been  noted,  extreme  chromatolysis  may  be  succeeded  by  complete 
recovery.  In  the  case  of  axonal  chromatolysis,  the  degenerative  process 
usually  reaches  its  maximum  in  about  three  weeks.  Regeneration  of 
chromophilic  bodies  then  begins.  This  reconstructive  process  is  slow, 
the  cells  often  requiring  months  to  return  to  a  normal  condition.  At 
some  stage  of  the  process  there  is  usually  an  overprodution  of  chro- 

matic substance,  and  the  cells  appear  darker  than  normal. 
Primary  union  between  the  ends  of  divided  nerve  fibres  does  not 

occur.  Complete  degeneration  of  the  distal  portion  always  precedes  the 
regenerative  process.  In  this  reconstruction  the  nuclei  of  the  neurilemma 
seem  to  play  an  important  part.  They  increase  in  number,  and  there  is 
also  an  increase  in  the  protoplasm  which  surrounds  them.  With  union 
of  the  divided  ends,  the  axones  of  the  central  stump  may  grow  out  again, 
if  the  ganglion  cells  be  intact,  and  ultimately  resume  function.  The 
myelin  first  reappears  as  droplets  which  coalesce  and  finally  form  a 
complete  sheath.  This  reconstructive  process  in  the  nerve  fibre  is  ex- 

tremely slow,  often  requiring  many  months  for  its  completion. 
Replacement  Neuroglia  Hyperplasia. — Under  various  condi- 

tions in  which  there  is  destruction  of  the  parenchyma,  as,  e.g.^  in  ascend- 
ing and  in  descending  degeneration  of  the  spinal  cord,  there  occurs  a 

compensatory  increase  in  the  interstitial  elements.  This  new  tissue  is  at 
first  cellular,  most  of  the  cells  being  of  the  spider  variety.  Later  there 
is  an  increase  in  the  neuroglia  fibres,  and  the  tissue  often  becomes  dense 
and  hard.  What  part  the  mossy  cells  or  other  less  common  types  of 
neuroglia  cells  take  in  the  proliferative  process  is  as  yet  unknown. 
With  the  increase  in  fibres  there  are  often  shrinkage  and  the  formation  of 
dense  fibrous  tissue.  This  replacement  hyperplasia  in  neuroglia  seems 

quite  similar  in  nature  to  replacement  connective-tissue  hyperplasia  in 
other  organs,  and  is  often  wrongly  considered  inflammatory. 

Degenerations  Affecting  Systems  of  Neurones. 

General  Considerations  Concerning  Neurone  Systems. 

Before  considering  the  subject  of  systemic  degeneration  we  may  refer  briefly  to 
the  situation  in  the  nervous  system  of  certain  of  the  more  important  groups  of  neu- 

rones and  the  paths  which  their  axones  take. 
That  the  cell  bodies  of  neurones  are  grouped  in  the  gray  matter  of  the  brain,  cord, 

and  ganglia,  and  in  the  end  organs  of  certain  nerves  of  special  sense,  has  already  been 
mentioned.  This  grouping  of  neurones  serves  definite  physiological  ends.  Their  cell 
bodies  form  centres  or  nuclei,  while  their  axones  are  collected  into  bundles  or  fibre 

'  For  review  and  liteniture  on  "Regeneration"  see  Barker,  "The  Nervous  System,"  p.  245  et  seq. 
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tracts.  Thus,  in  the  region  of  the  fissure  of  Rolando  are  grouped  the  centres  of  those 
neurones  which  have  to  do  with  voluntary  motion,  and  what  is  known  as  cerebral 
locaUzation  means  the  grouping  of  cell  bodies  of  neurones  for  specific  function.  After 
the  known  locaUzations  are  eliminated,  there  still  remains  unaccounted  for  the  greater 
part  of  the  cerebral  cortex,  and  our  present  belief  is  that  these  neurones  are  neurones 
of  association  by  which  the  various  centres  are  brought  into  physiological  relationship. 
Some  understanding  of  this  neurone  grouping,  and  especially  of  the  arrangement  of 
their  neuraxones  as  fibre  tracts  of  the  cord,  is  essential  to  an  appreciation  of  those 
degenerations  which  affect  definite  systems  of  neurones. 

Peripheral  Motor  Neurones. — These  neurones  have  their  cell  bodies  in  the 
gray  matter  of  the  anterior  horn  and  in  the  motor  nuclei  of  the  cranial  nerves.  Their 
neuraxones  pass  out  as  the  motor  fibres  of  the  cranial  and  of  the  spinal  nerves.  The 
entire  neurone  lies  upon  the  same  side  of  the  body;  that  is,  the  peripheral  motor  neu- 

rone is  "direct." 
The  Upper  or  Cortico-spinal  Motor  Neurones  have  their  cell  bodies  situated 

mainly  in  the  cerebral  cortex  near  the  fissure  of  Rolando.  Their  neuraxones  converg- 
ing, pass  through  the  internal  capsule,  pons,  and  medulla,  sending  off  fibres  to  the 

motor  nuclei  of  the  cranial  nerves.  In  the  medulla  the  tract  comes  to  the  surface  as 

the  anterior  pyramids.  At  the  junction  of  medulla  and  cord  occurs  the  pyramidal 
decussation  in  which  most  of  the  fibres  of  the  tract  cross  to  the  opposite  lateral  region 
of  the  cord,  to  be  known  as  the  crossed  pyramidal  tract,  while  a  minority  remain  on  the 
same  side,  to  pass  down  the  cord  as  the  direct  pyramidal  tract.  As  the  tracts  descend, 

fibres  continuously  leave  them  to  terminate,  those  of  the  crossed  tract  in  the  gray- 
matter  of  the  same  side,  those  of  the  direct  tract,  after  passing  through  the  anterior 
commissure,  in  the  gray  matter  of  the  opposite  side.  The  cortico-spinal  motor  tract 
is  a  crossed  tract.*  These  tracts  present  variations  in  size  and  length.  They  are 
often  asymmetrical.  The  crossed  tract  extends  to  the  lower  sacral  cord.  The  direct 
tract  usually  ends  about  the  mid-dorsal  region,  though  it  has  been  followed  as  low 
as  the  second  lumbar  segment. 

The  Sensory  (Afferent)  Tract,  like  the  motor,  consists  of  two  segments,  an 
upper  and  a  lower. 

The  lower  or  peripheral  sensory  neurone  tract  has  its  cell  bodies  in  the  ganglia  of  the 
spinal  and  of  the  cranial  nerves.  Their  peripheral  arms,  which  Van  Gehuchten  con- 

siders protoplasmic  processes,  are  axis  cylinders  of  cranial  or  of  spinal  nerves.  Their 
central  processes  or  axones  pass  into  the  cord  as  the  fibres  of  the  posterior  roots  and 
enter  the  posterior  columns.  Here  they  divide  into  ascending  and  descending  arms. 
The  descending  arm  is  short,  and  with  its  collateral  branches  soon  terminates  in  the 
gray  matter  of  the  same  side  of  the  cord.  The  ascending  arm  may  also  be  short,  and 
with  its  collaterals  terminates  as  does  the  descending.  It  may  pass  a  considerable 
distance  up  the  cord  and  then  end  in  the  gray  matter.  It  may,  as  one  of  the  long 
fibres  of  the  posterior  columns,  continue  upward  to  the  medulla,  where  it  terminates 
in  one  of  the  posterior  column  nuclei.  These  long  fibres  pass  inward  as  they  pass 
upward,  so  that  the  lower  the  origin  of  the  fibre  the  more  mesial  is  its  position  in  the 
upper  part  of  the  cord.  The  entire  neurone  lies  upon  the  same  side  of  the  cord.  The 
lower  sensory,  like  the  lower  motor  neurone,  is  direct. 

Upper  Sensory  Neurones. — The  arrangement  of  these  neurones  is  extremely  com- 
plex, and  only  those  whose  axones  enter  into  the  formation  of  distinct  tracts  of  the 

cord  will  be  here  mentioned.  Of  the  above-described  central  arms  of  the  peripheral 
sensory  neurones,  some  of  the  shorter  enter  the  gray  matter  of  the  cord  and  with  their 
collaterals  terminate  around  motor  cells  (reflexes).  Others  terminate  around  cells 

whose  axones  cross  to  the  opposite  side  of  the  cord  and  pass  upward  as  the  antero- 
lateral ascending  tract,  or  tract  of  Cowers.  Other  fibres  terminate  around  cells  of  the 

column  of  Clarke,  the  axones  of  which  pass  upward  as  the  direct  cerebellar  tract. 
In  addition  to  these  main  fibre  tracts,  there  are  in  all  regions  of  the  cord  fibres 

which  are  commissural  in  character.  These  fibres  are  the  axones  of  cells  situated  in 

the  gray  matter  of  the  cord,  and  after  passing  a  short  distance  up  or  down  and  sending 

^  Certain  recent  observations  tend  to  show  that  there  may  be  a  small  number  of  "direct"  fibres 
in  the  so-called  crossed  pyramidal  tract. 
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collatflrala  into  the  gray  mattar,  themselves  re-enter  the  Rray  matter  and  termLnate 
there.  These  short  fibres  make  up  the  so-called  ground  bundles  or  fundamental  col- 
umna  of  the  cord.  They  attain  their  greatest  development  In  those  regions  of  tlie 
cord  where  the  reflex  centres  are  most  extensive,  i.e.,  in  the  lumliar  and  cervical 
enlai^ements. 

Secondary  Degenerations. 

Secondary  degenerations  are  dependent  upon  the  fact  already  noted, 
that,  the  cell  body  being  the  trophic  centre  of  the  neurone,  the  axone 
when  separated  from  its  cell  body  dies. 

Descending  Degeneration. — Any  cortical  lesion,  such  as  embolic 
softening  and  apoplectic  clots,  which  destroys  the  nerve  cells,  or  any 
lesion  of  the  brain  or  cord  which  interrupts  the  axone  tracts  of  the  cortico- 

aLiDOst  i^Dmplcte  devenenilion  of  the  itiffict  pyramidnl 
a  and  of  the  Fimwd  pyramidia  Imrt  on  Ihn  oiipusite  side.     There 

were  a  lew  degenerated  fibres  [n  the  croswd  tmet  an  (he  same  siJe  aa  the  [esioii. 

spinal  system  of  neurones,  determines  a  complete  degeneration  of  the 
affected  axones  (Fig.  061).  The  course  of  these  axones  has  been  de- 

scribed. Thus  a  lesion  of  the  brain  affecting  motor  neurones  is  fol- 
lowed by  a  degeneration  in  the  motor  tract  of  the  same  side  down  to  the 

pyramidal  decussation,  and  below  that  point,  in  the  direct  motor  tract 
on  the  same  side  and  in  the  crossed  tract  on  the  opposite  side,  the  num- 

ber of  degenerated  fibres  being  proportionate  to  the  number  of  colls  de- 
stroyed or  axones  interrupted.  In  a  number  of  cases  of  descending  de- 

generation due  to  cerebral  lesions,  degeneratetl  fibres  were  found  in  the 
crossed  pyramidal  tract  on  the  same  side  as  the  lesion.  This  degenera- 

tion was  not  present  in  all  cases,  and  in  no  case  was  it  as  marked  as  the 
degeneration  in  the  opposite  lateral  tract.  The  explanation  is  that 
in  some  cords  a  small  number  of  fibres  instead  of  decussating  pass  down 
into  the  cord  in  the  lateral  tract  of  the  same  side. 
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In  tlescentling  degeneration  due  to  a  lesion  below  the  pyramidal  de- 
cussation a  somewhat  different  picture  is  presented.  In  a  complete  trans- 

verse lesion  there  is  degeneration  of  both  crossed  and  of  both  direct  py- 
ramidal tracts.  If  the  lesion  is  unilateral  the  degenerations  are  upon  the 

same  side  as  the  lesion.  The  areas  of  degeneration  are  also  larger  and 
less  sharply  defined  than  in  cerebral  lesions.  Then  in  addition  to  the 

degeneration  of  the  pyramidal  tracts  there  is  a  degeneration  of  a  con- 
siderable number  of  fibres  in  a  c  resent -shaped  area  lying  near  the  periph- 

ery of  the  antero-lateral  region  ami  extending  from  the  crossed  to  the 
direct  tract.     Degeneration  of  these  fibres  has  been  described  by  Marchi' 

uxonea  of  apinal  ganitlion  n-lh  lielwptm  Ihr  point  oF  iniury  and  Ih*  level  of  Ihe  section,  and  arc  seen 
Ui  occupy  thnt  part  of  the  pontrriur  columns  ailjncrnl  to  the  iK»l(Tior  homx. 

after  removal  of  the  cerebellum.  He  considers  them  de.scending  cere- 
bellar fibres.  The  so-called  comma-shaped  degeneration  in  the  posterior 

columns  is  sometimes  present.  Schultze'  regards  these  fibres,  which 
are  situated  about  the  middle  of  the  posterior  columns,  as  descending 

axones  of  spinal  ganglion  cells.  Tooth'  thinks  that  they  are  more  prob- 
ably descending  branches  of  commissural  neurones.  In  the  fundamental 

columns  the  degeneration  e.\temls  but  a  short  distance  below  the  seat  of 
injury,  and  of  course  affects  only  those  axones  which  descend. 

Ascending  Degenbk.\ti(>n. — Any  lesion  which  destroys  the  spinal 
ganglion  cells  or  which  interrupts  their  axones  determines  a  secondary 

ascending  degeneration  in  the  posterior  columns  (Kig.  OB'2).     Any  lesion 

'  Mnreki.  "Origine  e  dccoroso  del  ppduncoll  rPfelwlUri,"     Rrv.  Spcr.  <fe  Fren,  e  Med,  e  leg.,  Bd. 
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of  the  cord  which  interrupts  the  tract  of  Gowers  or  the  direct  cerebellar 
tract  is  followed  by  degeneration  of  the  fibres  of  these  tracts  above  the 

lesion  (Fig.  662).  Immediately  above  the  lesion  there  is  complete  de- 
generation of  the  tracts.  As  we  pass  upward  new  undegenerated  fibres 

from  the  spinal  ganglia  above  the  lesion  enter  the  column  of  Burdach, 
so  that  there  appears  in  the  posterior  columns  a  constantly  increasing 
number  of  normal  fibres.  Also  in  the  column  of  Gowers  undegenerated 
fibres  appear  as  one  passes  upward  from  the  lesion.  Some  of  these  fibres 
probably  have  their  origin  in  the  gray  matter  of  the  cord,  and  the  num- 

ber of  normal  fibres  is  in  proportion  to  the  number  of  these  cells  be- 
tween the  lesion  and  the  point  at  which  the  section  is  taken.  Descending 

fibres  in  these  columns  have  already  been  mentioned.  They,  of  course, 

do  not  degenerate.  If  the  lesion  be  above  Clarke's  columns  the  degen- 
eration in  the  cerebellar  tracts  remains  complete;  if  not,  the  number  of 

normal  fibres  is  in  proportion  to  the  number  of  Clarke's  column  cells 
between  the  lesion  and  the  point  of  section.  The  ascending  fibres  of  the 
fundamental  columns  also  degenerate,  but  are  so  short  that  they  cannot 
usually  be  traced  beyond  the  area  of  direct  action  of  the  traumatism. 

Primary  Degenerations. 

Degeneration  of  the  Peripheral  Motor  Neurones. 

Progressive  spinal  muscular  atrophy  is  the  clinical  designation  of  a 
disease,  the  underlying  lesion  of  which  is  a  progressive  atrophy  or  de- 

generation of  the  lower  motor  neurones.  There  is  a  degeneration  of 
the  large  motor  cells  of  the  anterior  horns  and  of  their  processes.  This 
degeneration  goes  on  to  complete  destruction  of  some  neurones.  With 
the  loss  of  nerve  tissue  proper  there  is  a  compensatory  growth  of  neu- 

roglia. In  a  well-advanced  case,  section  of  the  cord  shows  a  marked 
diminution  in  the  number  of  anterior  horn  cells  and  an  atrophic  condition 
of  the  horn  itself  and  of  the  anterior  roots.  The  lesion  usually  begins  in 
the  cervical  region.  More  rarely  it  starts  in  the  lumbar  cord.  The  de- 

generation may  extend  to  the  motor  cranial  nerve  nuclei,  giving  the 
picture  of  a  progressive  bulbar  paralysis.  The  medullary  nuclei  most 
commonly  involved  are  the  hypoglossal  and  the  spinal  accessory.  Less 
often  the  degeneration  affects  the  cells  of  origin  of  the  fifth  and  seventh. 
Degeneration  of  the  peripheral  nerves  has  been  described.  The  muscu- 

lar lesions  correspond  to  the  lesions  in  the  cord,  the  muscles  of  the  hand 
and  arm  being  usually  first  affected.  For  the  degenerative  changes  in 
the  muscles  see  page  869.  This  lesion  is  sometimes  described  as  a 
chronic  anteropoliomyelitis.  Both  its  clinical  history  and  its  pathology, 
however,  indicate  the  degeneration  as  the  initial  lesion  and  the  neuroglia 

increase  as  secondary — a  replacement  hyperplasia. 

Degeneration  of  the  Cortico-spinal  Motor  Neurones. 

Spastic  Paraplegia — Spastic  Spinal  Paralysis. — This  may  be  described 
as  a  primary  lesion  of  the  upper  or  cortico-spinal  motor  neurones.     It 
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is  probable  that  the  lesion  affects  the  entire  neurone.  As  a  distinct 
pathological  entity  the  condition  is  extremely  rare.  Whether  it  origin- 

ates in  a  degeneration  of  the  cell  bodies  of  these  neurones  in  the  cor- 
tex is  not  known.  The  clinical  picture  of  spastic  paraplegia,  due  to 

compression,  to  a  transverse  myelitis,  or  to  a  multiple  sclerosis,  is  not 

uncommon.  Marie*  considers  spastic  paraplegia  as  a  disease  appearing 
in  childhood,  and  due  to  a  faulty  development  of  the  cortico-spinal  motor 
neurones,  rather  than  to  their  degeneration. 

Degeneration    of    Both    pEHIPHER.^L    and    Cortico-spinal    Motor 
NeU  HONES. 

Amyotrophic  Lnlerul  iSc/erosis. — This  is  a  primary  progressive  degener- 
ation involving  both  cortico-spinal  and  spino-peripheral  motor  neurones. 

The  appearance  of  the  transverse  .section  of  the  cord  is  a  combination  of 
that  in  spastic  paraplegia  and  that  in  progressive  muscular  atrophy. 
There  is  a  degeneration  of  the  cells  of  the  anterior  horn  with  atrophy  of 

the  horn  itself,  and  a  degeneration  of  the  fibres  of  the  direct  and  of  the 
crossed  pyramidal  tracts  (Fig.  (iOS).  The  lesion  in  the  horns  is  usually 
most  pronounced  in  the  cervical  region.  The  e.Ktent  of  involvement  of 
the  motor  tracis  of  the  cord  is  extremely  variable.  The  degeneration, 
which  is  the  initial  lesion,  is  accompanied  by  a  replacement  connective- 
tissue  hyperplasia,  and  the  picture  presented  on  section  of  the  cord  is 
that  of  a  sclerosis  of  the  motor  tracts  and  of  the  anterior  horns.  Quite 
frequently  the  sclerosis  is  not  wholly  confined  to  the  motor  tracts,  but 
extends  into  the  neighboring  anterior  and  lateral  tracts,  especially  in 

'  Moric.  ■■  Uotum  on  DispnseH  of  (he  Spinnl  Canl."  Laadon.  N.  S.  Soc.  1895. 
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the  cervical  region.  The  degeneration  in  these  tracts  has  been  traced 
through  the  medulla,  pons,  and  crus  to  the  cortex,  where  changes  have 
been  observed  in  the  large  pyramidal  cells.  In  the  gray  matter  of  the 
medulla  are  also  found  changes  analogous  to  those  in  the  anterior  horns, 

consisting  in  degeneration  of  the  cells  of  the  motor  cranial-nerve  nuclei 
(hypoglossal,  spinal  accessory,  pneumogastric,  glosso-pharyngeal,  and 
facial).  The  atrophy  of  the  muscles  innervated  by  these  nerves  gives 

the  clinical  picture  of  glosso-labio-laryngeal  paralysis  or  progressive 
bulbar  paralysis.  The  medullary  lesion  may  occur  without  any  corre- 

sponding lesion  of  the  cord,  thus  giving  rise  to  a  bulbar  paralysis  with- 
out any  spinal  ̂ mptoms.  The  seat  of  the  initial  lesion,  whether  in  the 

cell  bodies  in  the  cortex  or  in  their  axones,  is  as  yet  undetermined. 
The  fact  that  disturbances  of  nutrition  acting  primarily  upon  the  cell 
body  are  frequently  most  evidenced  by  changes  in  parts  of  the  neurone 
farthest  from  the  trophic  center  has  already  been  mentioned.  The  mus- 

cle changes  are  those  of  a  progressive  muscular  atrophy. 

DEGENERAflON  OF  THE  PERIPHERAL  SeNSORY  NeURONES.       (TabcS  Dor- 
salis — Posterior  Spinal  Sclerosis — Locomotor  Ataxia.) 

The  essential  lesion  of  tabes  is  a  primary  progressive  degeneration  of 
the  peripheral  sensory  neurone  system.  As  its  older  title  indicates,  the 
clinical  picture  of  locomotor  ataxia  had  been  attributed  to  a  primary 

sclerosis  of  the  posterior  columns.  This  was  not  because  in  these  col- 
umns was  the  only  lesion,  but  because,  owing  to  the  close  packing  to- 
gether here  of  the  sensory  axones,  this  lesion  was  the  most  conspicuous. 

The  distribution  of  the  lesion  is  coextensive  with  the  peripheral  sensory 
neurone  system  (p.  952).  Any  part  of  the  system  may  be  affected  or 
the  lesion  may  involve  practically  the  whole  system.  Again,  the  entire 
neurone  may  be  affected,  or  only  part  of  the  neurone,  or  one  part  more 
than  other  parts.  In  general  it  may  be  said  that  it  is  the  central  process 
of  the  neurone,  which  enters  the  cord  in  the  posterior  nerve  roots,  that 
shows  the  earliest  and  most  extensive  changes. 

It  is  convenient  to  classify  the  lesions  of  tabes  according  to  the  anat- 
omy of  the  peripheral  sensory  neurone  system,  as  follows: 

1.  The  Peripheral  Processes. — (a)  The  sensory  nerve  endings.  Changes 
of  a  degenerative  character  have  been  described  in  the  sensory  nerve 
endings  of  the  skin,  joints,  and  muscle.  Especially  well  marked  are 
lesions  of  the  (sensory)  muscle  spindles  which  are  almost  constantly 
present. 

(b)  The  peripheral  nerves.  Degenerations  of  the  peripheral  nerves 
are  common.  Like  similar  conditions  due  to  toxic  agents,  they  are  usu- 

ally referred  to  as  a  neuritis.  The  changes  in  both  axones  and  medullary 
sheaths  are,  however,  degenerative  in  character  and  similar  to  those  of 
a  Wallerian  degeneration.  The  lesion  is  confined  wholly  to  the  sensory 
fibres,  the  motor  fibres  remaining  intact.  It  is  usually  most  pronounced 
in  the  smaller  peripheral  branches  of  the  nerves.  Degeneration  of  the 

optic  nerve — so-called  optic  neuritis — occurs  in  from  ten  to  twenty  per 
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cent,  of  cases.  Degeneration  of  the  auditory  nerve  and  of  the  sensory 

fibres  of  the  pneumogastric,  glosso-pharyngeal,  and  trigeminus  is  of 
less  frecjuent  occurrence. 

2.  The  Cell  Bodies. — Marked  degenerative  changes  in  the  cells  of  the 
spinal  and  analogous  cranial  ganglia  have  been  described.  In  a  number 
of  cases  they  have  been  found  early  in  the  disease.  There  is  a  reduction 
both  in  number  and  in  size  of  the  ganglion  cells,  with  a  replacement 

connective-tissue  hyperplasia.  Chromatolysis  with  nuclear  eccentricity 
as  demonstrated  by  the  method  of  Nissl  has  also  been  observed.  Similar 

changes  have  been  noted  in  the  nerve  cells  of  the  retina.^ 
3.  The  Central  Processes. — (a)  The  sensory  nerve  roots,  consisting  as 

they  do  of  the  central  processes  of  the  spinal  ganglion  cells,  show  more 
or  less  complete  degeneration.  It  is,  in  fact,  in  this  part  of  the  neurone 
that  the  earliest  and  most  conspicuous  changes  are  usually  found.  The 
extent  and  location  of  the  degeneration  vary.  In  the  more  common 

type  of  the  disease — lum})ar  tabes — the  earliest  lesions  appear  in  the 
posterior  roots  of  the  lumbar  nerves.  Only  a  few  of  the  roots  are  at  first 
affected,  and  only  some  of  the  fibres  in  these  roots.  With  the  progress 
of  the  disease  more  fibres  are  involved  and  the  degeneration  extends 

downward  to  the  sacral  roots  and  upward  to  those  of  the  dorsal  and  cer- 

vical nerves.  In  specimens  stained  by  Weigert's  method  the  con- 
trast between  the  darklv  stained  anterior  root  fibres  and  the  almost 

unstained  posterior  root  fibres  is  often  marked. 
(6)  The  spinal  cord.  On  removing  the  cord  in  a  case  of  advanced 

tabes,  certain  changes  are  usually  apparent  to  the  naked  eye.  The  pia 
mater  between  the  two  posterior  horns  is  apt  to  be  thickened,  of  a  dull 
appearance,  and  adherent  to  the  cord.  This,  in  contrast  to  the  normal 
condition  of  the  rest  of  the  pia,  gives  the  effect  of  a  narrow  band  ex- 

tending the  length  of  the  cord.  The  posterior  columns  may  be  depressed, 
of  a  grayish  color,  and  firmer  than  the  rest  of  the  cord.  On  section  the 
contrast  between  the  posterior  columns  and  the  rest  of  the  white  matter 

of  the  cord  is  often  very  distinct.  In  cords  removed  from  cases  d\'ing 
during  the  earlier  stages  of  the  disease  there  are  often  no  macroscopic 
lesions. 

The  microscopic  appearances  vary,  depending  on  the  stage,  extent, 
and  location  of  the  lesion  (Fig.  664). 

In  a  case  which  comes  to  autopsy  early  in  the  disease  the  appearance 
of  the  lesion  differs  from  that  in  a  case  of  advanced  tabes.  As  already 
noted,  the  most  marked  changes  are  in  the  posterior  columns.  In  the 
more  common  type  of  the  disease  in  which  the  degeneration  begins  in 
the  lumbar  region,  sections  of  the  cord  at  this  level  show  certain  quite 
well-defined  areas  of  degeneration.  The  zone  of  Lissauer  early  shows 
marked  degenerative  changes.  This  zone  extends  across  the  entering 

fibres  of  the  posterior  root  which  divide  the  zone  into  two  parts.  The  de- 
generation of  the  outer  part  has  been  wrongly  described  by  some  writers 

as  a  lateral-column  degeneration.     It  will  be  remembered  that  these 

1  In  Plate  XIII.,  7,  is  seen  a  portion  of  a  spinal  ganglion  from  a  case  of  advanced  tabes.     In  addition 
to  a  degeneration  of  the  cells  present,  there  was  a  marked  reduction  in  the  number  of  cells  in  the  ganglion. 
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fibres  are  short  fibres  which  have  entered  the  cord  in  the  nearest  posterior 
root.  Degeneration  usually  appears  early  in  that  part  of  the  column  of 

Bui'dach  which  borders  the  posterior  horn.  The  column  of  Goll  varies 
as  to  the  extent  of  involvement.  In  many  cases  it  is  only  slightly  af- 

fected, in  others  the  degeneration  is  marked.  As  the  fibres  of  this  column 
come  mainly  from  the  last  lumbar  and  first  two  sacral  segments,  it 
is  seen  that  its  condition  depemls  entirely  upon  the  integrity  of  these 
roots.  The  fibres  of  the  posterior  columns  have  two  sources:  (1)  enter- 

ing fibres  of  the  posterior  roots;  (li)  fibres  from  cells  in  the  gray  matter 

of  the  cord.  The  latter  are  -situated  mainly  in  a  narrow  strip  liehind  the 
posterior  commissure  and  in  the  median  oval  area  of  Flechsig.  These 
fibres  are  unaffected  in  tabes. 

The  degenerations  seen  in  sections  of  the  dorsal  and  cervical  cord 
in  lumbar  tabes  are  dependent  upon  an  ascending  degeneration  of  the 
fibres  affected  below.  The  columns  of  Goll  are  thus  usually  affected, 
while  the  columns  of  Burdach  are  often  only  slightly  involved.  If  at 
any  level  of  the  cord  degenerated  root  fibrcH  enter  the  cord,  there  results 

a*degeneration  in  the  zone  of  Lissauer  and  in  the  band  of  fibres  lying 
along  the  posterior  horn  at  that  level. 

Rarely  the  tabetic  proce.ns  begins  in  the  cervical  region.  In  the.se 
cases  section  of  the  cervical  cord  shows  not  only  normal  endogenous 
fibres,  but  a  normal  condition  of  the  column  of  Goll  and  of  such  part  of 
the  column  of  Burtlach  as  originated  below  the  level  of  the  lesion.  .Some- 

times the  dorsal  roots  are  affected  with  the  cervical.  In  cervical  tabes 

the  cord  below  the  affected  region  is  normal,  while  above  is  the  le.sion  of 
an  ascending  degeneration.  The  lesion  may  in  any  case  be  asymmetrical, 
one  root  of  a  segment  being  affected  while  the  other  remains  normal. 
Marie  describes  a  variety  of  tabes  in  which  the  lesions  begin  in  the 
crania]  nerves. 
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In  cases  of  acivanced  tabca  (Fig.  665)  there  are  often  almost  no  nor- 
ma! nerve  fibres  in  the  posterior  columns;  the  columns  of  Goll,  of  Bur- 

dach,  and  of  Lissauer  presenting  little  but  dense  fibrous  tissue.     The 

po.sterior  fisHure  may  be  completely  obliterated.  There  usually  remain, 
however,  even  in  advanced  tabes,  undegenerated  fibres  bordering  tbe  pos- 

terior commissure  and  the  adjacent  parts  of  the  posterior  horns.     The 

median  area  of  Flechsig  also  remains  intact.     As  already  noted,  these 
fibres  are  endogenous. 

The  microscopical  appearance  of  the  dcKonerated  areas  varies  with  the 

stage  of  the  pi-ocess  (Fig.  (!6fi).     The  new  connective  tissue  may  be  at 
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first  quite  cellular;  later  the  fibrillar  elements  predominate  and  the 
tissue  becomes  dense  and  firm.  Of  the  nerve  roots  some  have  disap- 

peared, others  show  degeneration  of  their  medullary  sheaths  and  axis 
cylinders.  Some  few  normal  fibres  are  usually  present  even  in  advanced 
sclerosis.  The  blood-vessels  often  have  thickened  walls.  There  may  be 
corpora  amylacea  and  fat  globules,  the  latter  either  free  or  collected  in 
cells. 

The  lesion  of  tabes  is  not,  however,  confined  to  the  posterior  columns. 
The  fibers  of  these  columns  are  constantly  sending  collaterals  and  termi- 

nals into  the  gray  matter.  Most  of  these  pass  into  the  posterior  horns, 

an  especially  well-marked  group  entering  Clarke's  cell  column.  The 
posterior  horns  are  therefore  usually  smaller  than  normal,  with  a  marked 
reduction  in  the  number  of  fibres  entering  them  from  the  posterior  col- 

umns, while  the  columns  of  Clarke  show  a  diminution  in  the  number  of 
delicate  fibrils  which  normally  surround  the  ganglion  cells. 

Changes  have  also  been  described  in  the  spinal  root  of  the  fifth  cranial 
nerve  and  in  the  fasciculus  solitarius  which  consists  of  afferent  fibres  of 

the  vagus  and  glosso-pharyngeal  nerves.  These  fibres  are  analogous  to 
those  of  the  posterior  columns,  and  the  changes  in  them  are  similar. 

Degenerations  of  a  secondary  character  may  occur  in  those  systems 
of  neurones  which  are  more  or  less  dependent  upon  the  peripheral  sen- 

sory neurone  system  for  their  impulses.  Thus  the  cells  of  Clarke's  col- 
umn may  be  affected,  with  resulting  degeneration  of  their  axones  which 

make  up  the  direct  cerebellar  tract.  This  degeneration  extends  through 
the  restiform  body  to  the  termination  of  the  tract  in  the  cerebellum. 

The  cells  of  the  gray  matter  whose  axones  form  Gowers'  tract  may  be 
degenerated  with  consequent  degeneration  of  the  fibres  of  this  tract. 
In  the  medulla  the  cells  of  the  nucleus  gracilis  and  nucleus  cuneatus 
may  be  affected,  thus  determining  an  ascending  degeneration  along  the 
tracts  followed  by  their  axones.  Similar  in  character  is  the  degeneration 
of  the  cells  of  the  anterior  horns  noted  by  Condol6on.  These  changes  in 
the  anterior-horn  cells  have  been  accepted  by  some  investigators  as  ex- 

planatory of  the  various  trophic  disturbances  which  so  frequently  occur 
during  the  course  of  tabes.  Similar  changes  have  been  found  in  the 
nuclei  of  two  of  the  motor  cranial  nerves,  the  oculomotor  and  the  hypo- 

glossal. Others  ascribe  the  trophic  disturbances  to  a  peripheral  neuritis. 

Marie^  describes  a  case  interesting  in  this  connection,  in  which  there  was 
marked  hemiatrophy  of  the  tongue  with  distinct  changes  in  both  main 
and  accessory  nuclei  of  the  hypoglossal  nerve  on  the  same  side,  the  oppo- 

site nuclei  being  normal.  Oppenheimer  describes  a  similar  case  of  tabes 
with  laryngeal  crises  in  which  there  were  pronounced  degenerative 
changes  in  the  pneumogastric  nucleus  and  in  the  ascending  root  of  the 
glosso-pharyngeal.  Changes  have  been  described  in  the  cells  of  the  cere- 

bral cortex.  They  are  similar  to  those  found  in  dementia  paralytica, 
but  less  marked. 

Although  various  hypotheses  have  been  advanced  in  explanation  of  the  tabetic 
lesion,  and  especially  in  reference  to  the  fairly  constant  selection  of  certain  groups  of 

^  Marie,  he.  cit.,  p.  956. 
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neurones,  doubt  still  exists  as  to  the  origin  and  essential  nature  of  the  proeess.  Earlier 
writers  look  upon  the  lesion  &a  a  primary  sclerosis  of  the  posterior  columns,  probably 
of  vascular  origin.  Flechsig'  and  Trepinaki'  describe  the  posterior  columns  as  made 
up  of  !<cveral  distinct  systems  of  fibres,  each  system  distinguishable  from  the  others 
iiy  Htt  iieriod  of  ripening  or  myelinization.  They  assert  that  the  tabetic  process 
affects  these  different  systems  successively.  As  the  systems  overlap  one  another, 
this  would  explain  the  admixture  at  certain  stages  of  tabes  of  normal  and  abnormal 
fibres.  Present  knowledge  favors  the  view  that  talies  is  a  primary  degeneration  of 
the  peripheral  sensory  system  of  neurones,  the  degeneration  affecting  the  entire  neu- 

rone, and  that  the  picture  presented  by  the  tabes  cord  varies  with  the  particular 
neurones  affected.  Tlie  cell  l>oHieB  of  these  neurones  are  in  the  spinal  ganglia  and  their 
cranial  analogues.  Thorough  examinations  of  s[>iDal  ganglion  cells  have  as  yet  been 
made  in  too  few  cases  to  warrant  any  general  conclusions.  Degeneration  of  spinal 
ganglion  cells  in  tabes  has  Iwen  rejiorteil  even  in  ca.ses  dying  early  in  the  disease.     Such 

degenerations  are  best  shown  by  the  method  of  Nissl,  the  general  applicatioo  of  which 
is  comparatively  recent.  Certain  it  isthat  a  degeneration  which  affects  both  peripheral 
and  central  proccsse.-'  of  the  neurone,  and  yet  is  most  pronounced  in  those  parts  of  the 
neurone  farthest  removed  from  its  nutritive  centre,  is  most  easily  explained  on  the 
basis  of  some  agent  affecting  the  general  metabolism  of  the  neurone.  A  majority 
of  the  cases  of  tabes  give  a  syphilitic  history.  Our  knowledge  of  the  effects  of  toxins 
upon  neurones  is  certainly  not  opposed  to  the  consideration  of  such  a  toxin  as  the 
etiological  factor  in  tabes. 

CoMhiNED  System  Dkgenehation — Ataxic  Paraplegia. — This  is 
a  disease  of  uniicrtain  etiology,  in  which  there  are  degenerative  changes 
in  both  motor  and  sensory  neurone  systeni.s  {Fig.  667),  The  tracts  usu- 

ally involved  are  those  of  Bunlach  and  of  GoU,  the  direct  cerebellar 
tracts,  and  the  cros.sed  pyramidal  tracts.  Less  commonly  the  degenera- 

tion extends  to  the  tracts  of  Gower.s  and  to  the  direct  pyramidal  tracts. 
It  aecms  probable  that  the  lesion  in  the  cord  is  not  always  the  expression 
of  the  same  pathological  proiess,  and  that  in  many  cases  it  is  not  the 
result  of  a  true  systemu  degeneration      In  perhaps  the  minority  of  cases 

I  FInl-io.  "nil-  Ij'itunir'ImhneTi  im  <.ihini  unil  Ktlckcnmark      I^ipsir.  ]S7$.     "Ist  die  Tubei 
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the  lesion  corresponds  to  the  tract  systems  of  the  cord  and  probably 

represents  a  combined  sensory-motor  degeneration.  Such  are  those  rare 
cases  in  which  the  degeneration  affects  all  of  the  above-mentioned  tracts. 

According  to  Dejerine,  the  appearance  of  a  combined  system  disease  may  be 
induced  by  the  chronic  meningitis,  which  exists  over  the  posterior  columns  in  tabes, 
extending  forward  over  the  direct  cerebellar  tract,  the  productive  inflammation  finally 
spreading  to  this  tract  and  to  the  crossed  pyramidal.  In  these  cases  that  part  of  the 
latter  tract  which  lies  deepest,  i.e.,  close  to  the  gray  matter,  usually  remains  unin- 
volved.  Marie  lays  particular  stress  upon  the  arterial  systems  of  the  cord  as  the 
prime  factor  in  many  ca.ses,  calling  attention  to  the  fact  that  the  lesion,  as  it  is  most 
commonly  found,  coincides  almost  exactly  with  the  distribution  of  the  posterior 
spinal  arteries.  By  others  the  lesion  is  ascribed  to  a  multiple  sclerosis,  the  restriction 
of  the  degeneration  to  definite  tracts  being  only  apparent.  It  is  possible  that  in  some 
cases  the  pathological  picture  of  a  combined  sclerosis  may  be  due  to  secondary 
degeneration  following  myelitis. 

A  subacute  type  of  combined  system  degeneration  has  been  described  by  Russell.* 
The  degeneration  involved  the  same  tracts  affected  in  the  more  chronic  type,  and  was 
often  very  extensive  at  some  levels  of  the  cords  studied,  there  being  only  a  thin  layer 
of  normal  fibres  covering  the  gray  matter. 

Under  the  name  of  diffuse  degeneration  of  the  spinal  cord,  Putnam  and  Taylor* 
describe  a  somewhat  similar  condition,  leaving  open  the  question  as  to  tl^  systemic 
nature  of  the  process. 

Friedreich's  Ataxia.     (Hereditary  Ataxia). 

This  disease,  while  often  referred  to  as  hereditary  ataxia,  has  more  of 
a  family  than  of  a  distinctly  hereditary  character.  Its  pathology  is 
marked  by  a  decrease  in  the  size  of  the  spinal  cord,  the  diameter  of  which 
is  often  not  more  than  three-quarters  that  of  the  normal  cord.  Degen- 

eration of  the  columns  of  GoU  is  usually  quite  complete.  Less  marked 
degeneration  is  found  in  the  columns  of  Burdach,  in  the  direct  cerebellar 
and  in  the  crossed  pyramidal  tracts.  The  marginal  tract  of  Lissauer  may 
or  may  not  be  affected.  In  the  posterior  horns  and  in  the  columns  of 
Clarke  the  condition  resembles  that  in  tabes.  There  may  be  atrophy  of 
the  cerebellum. 

Marie  notes  in  addition,  atrophy  and  disappearance  of  the  cells  of  Clarke's  column. 
Blocq  and  Marinesco'  describe  degeneration  of  the  posterior  root  fibres  similar  to  that 
found  in  taV>es.  Friedreich*  and  Riitimeyer*  find  atrophy  of  the  anterior  horn  cells. 
The  determining  cause  of  the  disease  and  the  nature  of  the  morbid  process  are  as  yet 
undetermined.  It  seems  probable  that  the  condition  of  the  cord  may  be  more  prop- 

erly considered  an  abnormality  of  development  rather  than  a  degeneration. 

Cerebellar  Ataxia. 

Atrophy  of  the  cerebellum  was  noted  as  sometimes  occurring  in  Fried- 

reich's ataxia.     In  that  disease,   however,  the  cord  lesion  was  most 
1  Ruftsril,  Batten,  and  Collier,  Brain,  vol.  xxiii.,  p.  39,  1900. 
2  Putnam  and  Taylor,  Journal  of  Nerve,  and  Ment.  Disease,  vol.  xxviii.,  pp.  1  and  74.  1901. 
^  Blocq,  P.,  and  Marinesco,  G.,  "Sur  I'Anatomie  Pathologique  de  la  Maladie  de  Friedreich," 

Compte  rend.  Soc.  de  Biol.,  1890. 

<  Friedreich,  A'.,  Virchow's  Archiv,  Bd.  Ixxxvi..  ISSl. 
^  liiiiimcyer,  L.,  Virchow's  Archiv,  Bd.  ex.,  ltS87. 
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marked.  In  cerebellar  ataxia  the  lesion  of  the  cord  is  slight  or  absent, 
the  chief  lesion  being  an  atrophy  of  the  cerebellum.  This  atrophy  is 
accompanied  by  little  or  no  sclerosis,  the  organ  being  simply  smaller 
than  normal. 

INFLAMMATION. 

Inflammation  of  the  Brain.     (Encephalitis.) 

Acute  Encephalitis. — Inflammatory  processes  in  the  nervous  system, 
whether  of  an  exudative  or  of  a  productive  type,  are  frequently  consecu- 

tive to  or  coincident  with  the  more  severe  forms  of  degeneration  or  other 

lesions,  thus  making  differentiation  of  the  processes  often  extremely  dif- 
ficult. It  has  been  already  mentioned  that  the  brain  tissue  about  haemor- 

rhages and  areas  of  embolic  and  thrombotic  softening  may  undergo  in- 
flammatory changes  leading  to  the  formation  of  new  connective  tissue. 

There  is  a  class  of  cases  in  which  localized  areas  of  the  brain  undergo 
softening,  with  more  or  less  extravasation  of  red  and  white  blood  cells 
and  hypersemia,  so  that  the  softened  material  consists,  as  seen  under  the 

microscope,  of  detritus  of  brain  tissue  in  a  condition  of  fatty  degenera- 
tion, often  with  more  or  less  pus  cells  and  pigment.  When  such  areas  are 

red  in  color  from  intermingled  blood  cells  or  pigment,  the  condition  is 
called  red  inflammatory  sojtening.  When  fatty  degeneration  prevails,  and 
the  red  blood  cells  or  their  derivatives  are  not  abundant,  the  softened 

area  looks  yellow  or  yellowish-white,  and  this  is  often  called  yellow  in- 
flammatory sojtening.  The  origin  of  these  processes  is  very  obscure  and 

their  inflammatory  nature  not  well  defined. 

Abscess  of  the  Brain. — Small  multiple  abscesses  of  the  brain  may 
occur  in  pyaemia.  Large  abscesses  of  the  brain  are  usually  single;  they 
may  attain  a  large  size.  They  are  most  frequent  in  the  cerebral  and 
cerebellar  hemisphere,  rare  in  the  basal  ganglia,  the  pons,  and  the 
medulla  oblongata. 

There  may  be  an  irregular  cavity  containing  thin  pus  and  softened 
brain  tissue.  The  walls  of  the  cavity  are  ragged  and  infiltrated  with 
pus,  and  outside  of  the  walls  is  a  zone  of  oedematous  and  softened  brain 
tissue.  If  the  abscess  be  near  the  pia  mater,  meningitis  may  follow;  if 
it  be  near  the  lateral  ventricles,  it  may  rupture  into  them;  if  it  be  near 
the  sinuses  of  the  dura  mater,  it  may  induce  thrombosis,  An  abscess 
may  in  time  become  enclosed  in  a  capsule  of  connective  tissue. 

Abscess  of  the  brain  is  most  frequently  secondary  to  chronic  suppu- 
rative otitis  (42.5  per  cent.,  Gowers),  much  less  frequently  to  acute  otitis. 

With  the  otitis  there  may  also  be  caries  of  the  temporal  bone,  suppura- 
tion of  the  mastoid  cells,  and  inflammation  of  the  dura  mater.  The 

abscess  is  usually  situated  deep  in  the  brain,  commonly  in  the  temporo- 
sphenoidal,  the  frontal,  the  occipital  or  the  parietal  lobee,  or  in  the 
cerebellum;  rarely  it  is  continuous  with  the  inflamed  dura  mater  and 

bone.  Abscess  may  follow  chronic  lesions  in  the  orbit  or  caries  of  vari- 
ous parts  of  the  cranial  bones. 
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Abscess  of  the  brain  frequently  follows  traumatism,  blows,  or  falls 
on  the  head.  Such  injuries  may  not  damage  the  skull,  or  may  produce 
fractures  or  necrosis.  There  is  often  a  considerable  interval  between 

the  time  when  the  injury  is  inflicted  and  the  development  of  the  symp- 
toms. 

When  the  cranial  bones  are  uninjured  the  abscess  is  usually  deep  in 

the  brain;  when  there  is  necrosis  of  the  bones  the  abscess  may  be  super- 
ficial; when  the  bones  are  fractured  the  abscess  may  be  either  superficial 

or  deep.     The  abscess  develops  rarely  in  the  opposite  side  of  the  brain. 
In  acute  exudative  meningitis  from  various  excitants  there  may  be  an 

infiltration  of  the  brain  with  leucocytes;  this  may  be  especially  marked 
in  the  perivascular  tissue  and  around  the  ganglion  cells. 

An  Acute  Disseminated  Encephalitis^^  hsematogenous  in  character,  may 
develop  during  the  progress  of  an  infectious  disease.  It  is  most  com- 

mon in  infective  endocarditis,  in  pyaemia,  and  in  epidemic  cerebro-spinal 
meningitis.  It  may  be  associated  with  acute  anteropoliomyelitis,  ap- 

parently due  to  the  same  obscure  etiological  factor.  The  lesion  consists 
of  disseminated  foci  of  inflammation,  or  minute  multiple  abscesses. 
Some  of  these  are  microscopic  in  size,  others  may  be  seen  with  the  naked 

eye.  The  smallest  show  simply  small-round-cell  infiltration  of  the  walls 
of  one  or  more  small  vessels  and  of  the  surrounding  tissue.  The  larger 
spots,  which  undoubtedly  take  origin  in  the  same  way,  are  seen  to  be 
softer  than  the  rest  of  the  tissue,  and  resemble  red  or  yellow  softening, 

according  to  the  amount  of  red-blood-cell  extravasation.  Congestion  is 
usually  marked.  There  may  be  distinct  haemorrhages.  Degenerative 
changes  with  disintegration  of  the  exudate  usually  set  in  and  determine 
destructive  changes  in  the  neighboring  neurone  and  neuroglia  elements. 
At  the  periphery  of  one  of  these  abscesses  the  neuroglia,  instead  of  being 
in  a  degenerating  condition,  usually  shows  proliferation.  The  more 
minute  inflammatory  foci  may  undergo  complete  resolution  with  absorp- 

tion of  the  exudate.  In  the  larger  abscesses  there  may  be  absorption  of 
the  exudate  and  of  the  products  of  degeneration,  and  a  replacement  neu- 

roglia hyperplasia,  ultimately  resulting  in  a  sclerotic  patch. 
Suppurative  encephalitis  may  occur  as  a  result  of  traumatism  or  from 

extension  of  suppurative  meningitis. 

A  form  of  encephalitis  which  has  been  designated  acute  non-suppu- 
rative  haemorrhagic  encephalitis,  has  been  described  by  Striimpell,  Leich- 
tenstein,  Oppenheim,  Putnam,^  and  others.  The  lesion  consists  in  the 
occurrence  of  multiple  haemorrhagic,  inflammatory  foci,  which  are  non- 

suppurative, and  which  are  accompanied  by  leucocytic  infiltration.  These 
foci  may  occur  in  any  part  of  the  brain,  but  are  most  numerous  in  the 
white  matter  of  the  brain  and  basal  ganglia.  Some  of  these  haemorrhages 
may  be  quite  large. 

*  Under  the  head  of  "Acute  Parenchymatous  Encephalitis"  has  been  described  a  lesion  of  the 
gani^lion  ceils  without  vascular  or  interstitial  changes.  The-»e  lesions  are  the  result  of  toxiemias  of 
either  endogenous  or  exogenous  nature.  They  are  more  properly  classed  as  parenchymatous  degenera- 
tion. 

-  Putnam,  Jour,  of  Nerv.  and  Ment.  Dis.,  vol.  xxiv.,  1897,  bibliography. 
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Acute  Inflammation  of  the  Spinal  Cord.     {Acute  Myelitis.) 

Inflammation  in  the  spinal  cord  is  quite  analogous  to  inflammation 
in  the  brain. 

Acute  Disseminated  Myelitis^  runs  a  rapid  course  and  proves  fatal  in  a 
short  time.  The  inflammation  may  involve  nearly  the  whole  length  of 
the  cord,  but  is  usually  more  intense  in  some  places  than  in  others.  The 

cord  is  swollen  and  congested,  it  is  infiltrated  with  pus  cells,  the  connec- 
tive tissue  is  swollen,  and  there  is  degeneration  of  the  nerve  elements 

proper. 
More  frequently  an  acute  myelitis  is  localized.  It  involves  but 

a  small  portion  of  the  length  of  the  cord,  while  laterally  it  may  com- 
pletely cross  it,  and  is  hence  spoken  of  as  a  transverse  myelitis.  When 

the  cord  is  removed  and  laid  upon  the  table,  if  the  lesion  is  marked,  a 
flattening  of  the  cord  at  its  seat  may 
be  observed;  or  on  passing  the  finger 
gently  along  the  organ,  the  affected 
segment  will  be  found  softer  than  the 
rest  of  the  cord,  sometimes  almost 
diffluent.  On  making  a  section  through 
the  affected  portion  the  nerve  tissue 
may  appear  white  or  red  or  yellowish 

or  grayish.^ Microscopical  examination  shows 
different  appearances,  depending  upon 

the  stage  of  the  degenerative  or  in- 
flammatorv  process.  There  mav  be 

much  blood,  or,  if  the  lesion  has  existed  for  some  time,  blood  pig- 
ments; also  fragments  of  more  or  less  degenerated  nerve  fibres  and 

ganglion  cells  (Fig.  668),  myelin  droplets,  free  fat  granules,  larger  and 

smaller  cells  filled  with  fat  granules  (Gluge's  corpuscles),  pus  cells, 
granular  matter,  neuroglia  cells,  and  sometimes  corpora  amylacea.  The 
various  proportions  of  these  elements  give  rise  to  the  different  gross 
appearances  which  the  diseased  part  presents.  In  earlier  stages  of  the 
lesion  the  blood-vessels  may  be  dilated,  the  nerve  fibres  and  cells  swollen; 
or  the  walls  of  the  blood-vessels  may  be  thickened  or  fatty,  or  surrounded 
by  a  sheath  of  leucocytes  and  cells  derived  from  the  connective-tissue 
cells  of  the  adventitia. 

The  lesion  is  apt  to  commence  in  the  gray  matter  or  at  its  edge,  and 
then  extend  first  laterally  and  afterward  upward  and  downward. 

In   a  certain   number  of  cases  the  degenerated  material   may  be 

Fig.  668. -Degenerated  Tishue  from 
Acute  Myeutih. 

^  Acute  parenchymatous  myelitis,  like  its  analogue  in  the  brain,  is  a  lesion  of  the  ganglion  celb, 
and  is  more  properly  chissed  as  a  degeneration.  Embolic  and  thrombotic  softenings  are  more  rare 
in  the  cord  than  in  the  brain,  and  are  necessarily  much  more  restricted  in  extent.  When  of  an  inflam- 

matory character  they  resemble  the  similar  brain  lesion  and  are  red  or  yellow  according  to  the  amount 
of  extravasation. 

2  It  should  be  remembered  that  the  mechanical  injury  to  the  cord  in  removal,  such  as  crushing  or 
bruising,  may  reduce  the  injured  portion  to  a  pulpy  consistence  and  thus  produce  appearances  some- 

what similar  to  those  of  some  forms  of  inflammator>'  softening.  See  reference  to  Van  Gieson,  on  **  Arte- 
facts of  the  Nervous  System,"  p.  928. 
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absorbed  and  a  cicatrix  or  cyst  formed.  After  the  least  extensive  forms 
of  the  lesion  there  may  be  a  restoration  of  the  functions  of  the  cord. 

Secondary  degeneration,  both  ascending  and  descending,  may  occur 
in  this  form  of  myelitis,  varying  in  extent  according  to  the  size  of  the 
primary  lesion.  The  terms  central  myelitis,  peripheral  myelitis,  and  uni- 

lateral myelitis,  are  sometimes  used  to  designate  localizations  of  the  lesion. 

Poliomyelitis  Anterior— HyellUs  of  the  Anterior  Horn. — This  name  is 
applied  to  a  group  of  cases  which  are  characterized  by  clinical  symptoms 
indicating  changes  in  the  anterior  horns.  The  disease  is  most  common 
in  children,  under  the  name  of  inJantHe  spinal  paralysis,  but  occurs  also 

in  adults.  It  usually  begins  with  symptoms  of  an  acute  infectious  dis- 
ease, the  paralysis  supervening  after  a  few  days.  It  varies  in  acutenesa, 

severity,  and  duration.  In  many  cases  there  is  complete  recovery,  and 
then  we  must  suppose  that  the  changes  in  the  nervous  tissue  were  not 

destructive  in  character.  In  other  cases  the  symptoms  are  more  perma- 
nent, indicating  a  destructive  lesion. 

At  first  a  considerable  group  of  muscles,  usually  of  the  arms  or  legs, 
is  affected.  Resolution  taking  place,  there  may  be  complete  disappear- 

ance of  the  paralysis.  More  commonly  there  is  return  of  function  in 
most  of  the  muscles,  while  some  few  remain  permanently  paralyzed  and 

become  atrophied.  The  lesion  is  most  frequent  in  the  lumbar  and  cer- 
vical enlargements,  but  may  occur  anywhere,  and  is  often  found  in 

scattered  patches.  Earlier  autopsies  were  in  cases  of  long  standing, 
and  the  changes  found  consisted  in  degeneration  (Fig.  669),  shrinkage, 
pigmentation,  and  atrophy  of  the  ganglion  cells  of  the  anterior  horns,  an 
increase  in  the  connective  tissue  of  the  comua  and  of  the  adjacent  white 
matter,  often  with  destruction  of  considerable  portions  of  the  horns, 
atrophy  of  the  anterior  roots,  and  distortion  of  the  cord. 
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Instead  of  this  shrinkage  and  atrophy  of  the  horns  there  is  sometimes 
found,  especially  if  the  case  come  to  autopsy  not  too  long  after  the  onset, 
a  gelatinous  condition  of  the  horns,  the  place  of  the  horns  being  occupied 

by  young  neuroglia  tissue  with  many  branching  cells  and  fine  delicate 
fibrils  resembling  glioma  (Vig.  070).  Thi.s  gliomatous  tissue  may  break 
down,  forming  a  cavity  surrounded  by  young  neuroglia  tissue.     More 
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recently  autopsies  made  early  in  the  course  of  the  disease  show  that  the 
changes  described  above  represent  only  later  stages  of  what  originated 
as  an  acute  inflammatory  process.  Examination  of  the  cords  from 
such  early  cases  shows  congestion,  oedema,  the  presence  of  mono- 

nuclear cells  in  the  perivascular  and  nerve-cell  spaces,  and  proliferation 
of  the  neuroglia.  Degeneration  of  the  nerve  cells  occurs,  probably 
secondary  to  the  inflammatory  lesion.  The  inflammation  is  similar 
to  that  of  an  ordinary  acute  myelitis,  but  is  usually  confined  largely  to 
the  area  of  distribution  of  the  anterior  spinal  artery.  The  brain,  the 
posterior  root  fibres,  and  the  spinal  ganglia  may  be  involved  in  the 
exudative  process.  It  is  an  acute  infectious  communicable  disease, 
whose  infective  agent  has  not  yet  been  isolated  but  concerning  which 
much  knowledge  has  recently  been  gained  through  experimental  studies, 

see  page  299.' 

Fio.  672.— Landrt'b  Pabauisis. 
bowing  blood -vHsels  from  Fig.  S; 
re  highly  magnified.  There  are  co 
lion    and   infiltintioa   of  the   va 

Acute  Ascending  Paral]rds — Landry's  Paralysis. — This  is  a  rare  disease 
characterized  clinically  by  a  rapidly  ascending  paralysis,  beginning  in  the 
lower  extremities  and  progressing  upward  to  involve  the  body,  arms, 
and  head.  Until  recently  no  pathological  changes  were  known  to  ex- 

plain the  symptoms.  Within  the  last  few  years  a  number  of  cases  have 
been  reported  in  which  the  lesion  was  an  acute  myelitis  with  or  without 
an  accompanying  polyneuritis  (Fig.  (J71). 

Bailey  and  Ewing'  reported  a  case  in  which  the  cord  showed  conRestion  with 
capillary  haemorrhages  and  circum vascular  small  round-cell  infiltration  (Figs,  672  and 
t)T3).  The  ganglion  cells  were  in  various  stages  of  degeneration.  Similar  lesions 
have  heen  reitorted  by  Marie  and  Marinesco,  by  Hcrt*  and  Lesn£,  and  by  others. 
Mills  and  Spiller  report  in  some  cases  a  polyneuritis  in  addition  to  inyeliti»,  Krewer 
finds  an  acute  myelitis  and  neuritis,  and  considers  the  legion  due  to  a  noii-sjiecific 

infection.  Brault  reports  three  cases  in  which  symptomH  oC  Landry's  paralysis followed  lymphangitic  abscesses  from  excoriation  of  lower  iimbs.  He  considers  these 
cases  of  "myelic  locahzation  of  a  streptococcus  infection."  Remlinger  describes  a 
ca.se  In  which  the  streptococcus  was  detected  in  the  spinal-cord  substance  by  cultiva- 

tion and  by  stained  sections.  Remlinger  also  states  that  he  has  induced  symjitoms 
of  an  acute  ascending  paralysis  in  rabbits  by  inoculating  them  with  pus  from  a  septic 
abscess. 
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Inflammation  of  the  Nerves.     (Neuritis.) 

In  the  nerven,  as  in  the  brain  and  cord,  degenerative  changes  commonly  accompany 
inflammation,  and  a  distinction  is  often  difficult.  The  difficulty  in  sharp  differentia- 

tion lies  in  the  fact  that  degenerative  changes  in  nerves,  when  intense  or  long  continued, 
often  lead  to  inflammations,  and  that  inflammatory  conditions  in  nerves  often  deter- 

mine secondary  degenerative  changes  in  the  nerve  fibres. 

Acute  Exudative  Neuritis. — Acute  inflammation  of  the  nerves  may 
occur  as  the  result  of  injury,  or  it  may  be  secondary  to  an  inflammatory 
process  in  their  vicinity,  although,  owing  to  the  dense  lamellar  sheaths 
and  the  special  blood  supply,  the  nerve  trunks  may  escape  participation 
even  in  very  severe  inflammatory  processes  in  surrounding  tissues.  The 
inflamed  nerve  may  be  red  and  swollen  and  infiltrated  with  serum  and 

pus  cells.  The  process  may  undergo  resolution  or  terminate  in  destruc- 
tion of  the  nerve,  or  it  may  become  chronic  and  result  in  the  formation 

of  new  connective  tissue.  Degeneration  and  regeneration  of  the  nerve 
fibres,  similar  to  those  described  as  following  division  of  nerve  trunks, 
mav  occur  in  acute  neuritis. 

''Multiple  Neuritis"  (Degeneration). — While  for  convenience  of  refer- 
ence described  under  its  usual  title,  this  lesion  is  probably  always  a  degen- 

eration, and  would  be  properly  classified  under  the  head  of  neurone 
degenerations  of  toxic  origin.  It  is  caused  by  the  action  of  certain  min- 

eral poisons,  for  example,  alcohol  and  lead.  It  occurs  as  a  complication 

of,  or  succedaneum  to,  certain  infectious  diseases,  for  example,  diph- 
theria, septicaemia,  measles,  smallpox,  etc.  It  is  sometimes  apparently 

idiopathic.  Changes  of  a  degenerative  nature  are  found  in  the  peripheral 
nerves,  and  are  more  marked  near  the  peripheral  than  near  the  cord. 
Thus  the  most  common  nerves  affected  are  the  anterior  tibial  and  the 

radial.     The  most  marked  changes  are  in  the  nerves  themselves,  there 

Fig.  674. — Degeneration  of  Nerve  Fibres  in  Multiple  Neuritis. 

From  a  cnae  of  alcohol  poisoning.     Specimen  stained  with  osmic  acid.     The  broken-down  meduUarj' 
sheath  and  fat  droplets  are  stained  deep  black. 

being  little  or  no  change  in  the  connective  tissue.  More  rarely,  espe- 
cially in  very  acute  cases,  there  are  reddening  and  swelling  with  some 

inflammatory  reaction  in  the  interstitial  tissue.  The  fibre  lesion  shows 
best  in  specimens  treated  with  osmic  acid  and  teased  in  glycerin  (Fig. 
674).  Here  the  myelin  sheath  is  seen  to  be  broken  up,  and  instead  of  a 
continuous  envelope  of  black  stained  myelin,  the  myelin  is  represented 

by  larger  or  smaller  black  droplets  scattered  along  a  broken  or  degener- 
ated axis  cylinder.  There  may  be  some  increase  in  the  connective  tissue. 

The  sheath  of  Schwann  is  usually  intact.  It  is  of  interest  to  note  that  in 
a  number  of  cases  (as  yet  too  few  to  warrant  general  conclusions)  changes 
have  been  found  in  the  cells  of  the  anterior  horn  analogous  to  those 
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found  after  injury  to  motor  nerves.  The  muscles  supplied  by  the 
affected  nerves  show  various  stages  of  atrophy.  The  cord  and  meninges 
usually  remain  normal.  In  some  cases  a  spinal  meningitis  and  more  or 
less  myelitis  have  been  described. 

Chronic  Inflammation  of  the  Brain,  Cord,  and  Nerves. 

While  this  term  should  be  applied  only  to  a  primary  increase  in  the 
neuroglia  elements  at  the  expense  of  the  parenchymatous,  thus  making 
the  degeneration  of  the  nerve  tissue  proper  entirely  secondary,  it  is 
often  difficult  to  eliminate  the  possibility  of  a  primary  degeneration  of 
the  nerve  cells.  Histologically  the  lesion  consists  in  a  proliferation  of  the 
neuroglia  elements.  The  neuroglia  cells  increase  in  number,  some  of  the 

new-formed  cells  having  many  processes,  others  few.  In  the  early  cellu- 
lar stage  of  its  formation  the  proliferative  area  is  soft  and  gelatinous, 

and  tends  to  increase  the  size  of  the  part.  With  further  progress  of  the 
sclerosis,  there  is  a  disproportionate  development  of  fibres  attached  to 
the  cells,  and  finally  of  fibres  independent  of  cells.  With  the  increase 

of  fibres  the  affected  area  becomes  firmer,  making  a  sort  of  dense  felt- 
work  of  interlacing  fibrils.  In  this  meshwork  are  found  nerve  fibres  in 
various  stages  of  degeneration. 

Chronic  Interstitial  Encephalitis — Sclerosis. — This  lesion  of  the  brain 
tissue  may  occur  diffusely  occupying  an  entire  lobe  or  more  or  less  of  the 
whole  brain,  or  in  circumscribed  small  areas.  It  consists  essentially  in 

an  increase  of  the  connective-tissue  elements,  the  neuroglia,  and  an 
atrophy  of  the  nerve  elements,  particularly  the  ganglion  cells  and  the 

medullary  sheaths  of  the  nerves.  W^ith  these  changes  are  usually  asso- 
ciated the  formation  of  Gluge's  corpuscles,  corpora  amylacea,  granular 

and  fatty  degeneration  of  the  nerve  elements,  and  thickening  and  pro- 
liferation of  cells  of  the  walls  of  the  blood-vessels.  The  areas  of  sclerosis 

may  be  very  dense  and  hard,  or  gelatinous  in  consistence. 

The  diffuse  form  of  sclerosis  is  most  frequently  seen  in  general  pare- 
sis of  the  insane,  and  not  infrequently  in  the  brains  of  drunkards. 
A  peculiar  feature  of  disseminated  sclerosis  is  that  the  patches, 

whether  in  the  brain  or  cord,  do  not  induce  the  expected  secondary 
degeneration.  It  is,  in  fact,  uncommon  to  find  secondary  degeneration 
resulting  from  even  a  large  patch  of  sclerosis.  This  is  believed  to  be  due 
to  the  fact  that  in  nearly  all  of  the  patches  the  axis  cylinders  persist  even 
after  complete  destruction  of  the  medullary  sheaths. 

The  circumscribed  form  of  sclerosis,  multiple  sclerosis  {sclerose  en 
plaque),  is  much  more  common  than  the  diffuse  form,  and  may  occur 
in  the  brain  alone,  or  more  commonly  is  associated  with  a  similar  lesion 
in  the  spinal  cord.  The  areas  of  sclerosis  vary  in  size  from  that  of  a 
pea  to  that  of  an  almond.  They  may  be  few  or  numerous,  they  may 
be  white,  grayish,  or  grayish  red  in  color,  and  are  usually  but  not  always 
sharply  outlined  by  the  unaltered  brain  tissue.  Although  in  many 
cases  the  increase  in  the  connective-tissue  elements  seems  to  be  the 
primary  lesion,  and  the  degeneration  of  the  nerve  elements  secondary 
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to  this,  it  is  quite  possible  that  in  some  cases  the  increase  in  connective 
tissue  may  be  secondary  to  a  degeneration  of  the  nerve  elements  from 
loss  of  nutrition  or  from  other  causes. 

There  is  reason  for  the  belief  that  multiple  sclerosis  may  sometimes 
be  the  result  of  disseminated  local  necrotic  lesions  of  acute  infectious 

diseases — scarlatina,  for  example,  occurring  at  an  early  period  of  life.* 

Encephalitis  in  the  New -bom. 

This  condition,  first  described  by  Virchow,  is  said  to  consist  in  the  formation  of 
circumscribed  collections  of  cells  of  various  sizes  containing  many  fat  granules  (granu- 

lar corpuscles)  and  forming  yellowish  masses,  from  1  millimetre  to  6  millimetres  in 
diameter,  in  the  brain  tissue.  A  more  diffuse  occurrence  of  granular  corpuscles  is 
also  described,  but  this  is  said  by  some  observers  to  be  physiological.  The  nature  of 
this  lesion  is  but  little  understood,  and  is  still  the  subject  of  controversy. 

LESIONS  OF  THE  BRAIN  IN  GENERAL  PARESIS  OF  THE  INSANE. 

The  changes  in  this  disease  are  in  the  main  those  of  chronic  diffuse 
encephalitis,  but^  appearances  vary  greatly  and  depend  to  some  extent 
upon  whether  the  brain  is  examined  in  early  or  late  stages  of  the  disease. 
According  to  Meyer,  in  the  early  stages  of  the  disease  the  convolutions, 
particularly  of  the  anterior  cerebral  lobes,  are  swollen,  the  gray  matter 
is  congested  and  softened  in  places.  The  brain  tissue  is  more  or  less 
infiltrated  with  leucocytes.  Fatty  degeneration  of  the  walls  of  the 
capillaries,  and  punctate  haemorrhages,  are  also  common. 

In  later  stages  of  the  disease  a  great  variety  of  changes  may  be 
observed:  hspmorrhagic  pachymeningitis,  thickening  of  the  dura  mater, 
and  close  adhesions  to  the  skull;  thickening  and  opacities  of  the  pia 
mater,  adhesions  of  the  latter  to  the  dura  mater  and  to  the  brain  tissue. 
The  brain  tissue  is  apt  to  be  atrophied,  is  often  very  soft,  and  the  ventri- 

cles are  dilated  and  filled  with  fluid.  The  pia  mater  may  be  oedematous, 
the  ependyma  thickened  and  roughened.  On  microscopical  examination 
the  neuroglia  is  found  to  be  increased  in  amount,  the  ganglion  cells  are 
shrunken  and  sometimes  pigmented;  the  nerve  fibres  may  also  be 
atrophied,  and  the  blood-vessels  in  a  condition  of  fatty  or  hyaline  degen- 

eration. There  may  be  an  accumulation  of  fatty  and  granular  cells  along 
the  walls  of  the  blood-vessels.  Secondary  degenerations  in  the  spinal 
cord  are  not  infrequently  observed.^ 

Chronic  Interstitial  Myelitis. — Under  this  heading  are  embraced  a 
variety  of  lesions  which  probably  differ  from  one  another  somewhat 
in  the  nature  of  the  changes  involved,  but  more  in  the  seat  of  the  disease. 
We  shall  consider  without  special  classification  the  most  important 
forms. 

*  See  Oppenheim,  Berl.  klin.  Wochenschrift.  p.  184,  1S96. 
'  It  is  very  difficult  to  make  positive  and  definite  statements  regarding  many  such  lesions  of  the 

brain  as  those  just  indicated,  or  in  general  of  brain  lesions  whose  nature  must  be  revealed  by  micro- 
scopical study,  because  our  technical  procedures  in  the  study  of  the  brain,  even  in  normal  conditions, 

are  still  in  many  respects  quite  unsatisfactory  and  incomplete.  The  brain  tissue  is  so  delicate  and  so 
liable  to  post-mortem  change*,  and  the  effects  of  different  pre3ervative  agents  are  so  liable  to  variations, 
that  great  caution  is  neces-»ary  in  arriving  at  conclusions  regarding  the  more  minute  lesions  affecting 
the  nerve  tissue  of  the  brain. 
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Chronic  Transverse  Myelitis. — In  certain  cases  of  pressure  on  the 
spinal  cord  from  a  tumor  or  from  displacement  of  the  bones  of  the  verte- 

bral column,  etc.,  the  cord,  instead  of  becoming  softened  or  undergoing 
acute  inflammatory  changes,  becomes  the  seat  of  a  localized  formation 
of  new  connective  tissue  with  consecutive  atrophy  of  more  or  less  of  the 
nerve  elements  in  the  gray  and  white  matter.  The  cord  becomes  in  this 
way  harder,  and  sometimes  shrunken  at  the  seat  of  lesion,  and  gray  in 
color.  This  change  may  be  followed  by  ascending  and  descending 
degeneration. 

Chronic  Disseminated  Myelitis — Multiple  Sclerosis. — This  lesion, 
similar  in  its  nature  to  multiple  sclerosis  of  the  brain,  often  occurs  with  it. 
It  consists  in  the  formation,  in  more  or  less  numerous  scattered,  circum- 

scribed areas,  of  new  connective  tissue,  apparently  derived  from  the 

neuroglia.  The  formation  of  new  connective  tissue  is  preceded  or  accom- 
panied by  degeneration  and  atrophy  of  the  nerve  fibres  and  ganglion 

cells.  The  new  connective  tissue  consists  of  the  characteristic  branching 
neuroglia  cells,  surrounded  by  a  more  or  less  dense  network  of  fine 
fibrills,  many,  if  not  most,  of  which  seem  to  be  branches  of  the  neuroglia 
cells.  Corpora  amylacea  and  sometimes  fat  droplets,  either  free  or  con- 

tained in  cells,  may  lie  present  in  the  sclerosed  areas. 
The  areas  of  sclerosis  may  involve  both  gray  and  white  matter,  and 

may  be  very  small  or  large  (Fig.  675).     If  very  small  or  in  early  stages 

of  formation,  they  may  not  be  recognizable  by  the  naked  eye,  but  when 
visible  they  are  grayish,  translucent,  and  firmer  than  the  surrounding 
tissue,  and  may  or  may  not  present  a  depressed  surface;  they  sometimes 
project  above  the  general  level.  The  cause  of  this  as  of  all  other  forms 
of  so-called  idiopathic  interstitial  myelitis  is  very  obscure.  As  noted  in 
multiple  sclerosis  in  the  brain,  secondary  degenerations  are  rare,  and 
probably  for  the  reason  there  given. 

Chronic  Interstitial  Neuritis. — This  is  essentially  a  chronic  interstitial 
inflammation  resulting  in  an  increa.se  of  the  connective  tissue  in  the  nerve 
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slieatha  and  intrafascicular  bands.  As  a  result  of  this  the  nerve  fibres 

undergo  atrophy  from  pressure;  the  medullary  sheaths  and  finally  the 
axis  cylinders  being  in  many  of  the  fibres  partially  or  completely  destroyed. 

Tic  Douloureux. — Changes  in  the  peripheral  branches  of  the  fifth 
cranial  nerve  removed  from  obstinate  cases  of  trifacial  neuralgia  have 
been  reported  in  a  considerable  number  of  cases.  These  changes  consist 
in  degeneration  of  the  axis  cylinders  and  of  their  medullary  sheaths.  In 
a  smaller  number  of  instances  changes  have  been  reported  in  Gasserian 
ganglia  removed  from  such  cases.  The  changes  in  the  ganglia  consist  in 

atrophy  and  disappearance  of  the  nerve  cells  with  increase  in  the  con- 
nective-tissue elements.  A  peculiar  shrunken  condition  of  the  cell  in 

which  the  cell  retraets  to  one  side  of  its  cell  space  is  a  fairly  characteristic 
feature. 

TUBERCULOUS  LESIONS  DT  THE  NERVOUS  SYSTEM. 

Tuberculous  inflammation  whether  of  the  brain  or  cord  is  usually  sec- 
ondary to  tuberculous  inflammation  in  other  organs,  and  is  most  frequent 

as  an  extension  of  tuberculosis  of  the  meninges.     In  the  brain  substance 

Flo.   676— SdUTABI    TlBEBCLE    OP  CeR EB E LLl'U . 
(I,  a.  Miliary  tulHTclm  with  itiaDt  ivlls;  b,  6.  miliar>'  tuberclva  Kitbout  gioot  wlb; 

it  usually  manifests  itself  in  the  formation  of  circumscribed  i 
new  tissue  from  0.5  to  1  centimetre  in  diameter,  or  larger.     These  may 

be  single  or  multiple,  are  most  common  in  young  persons,  and  very  fre- 
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quently  occur  in  the  cerebellum  (Fig.  676).  They  are  apt  to  occur  in 
connection  with  tuberculous  inflammation  of  other  organs.  They  are 
frequently  solitary  tubercles,  each  consisting  of  a  dense  central  cheesy 
mass,  around  which  is  a  grayish  zone  containing  tubercle  granula, 
numerous  small  spheroidal  cells,  with  occasionally  larger  polyhedral  cells 

and  giant  cells.  They  do  not,  as  a  rule,  seem  to  be  formed  by  an  aggre- 
gation of  miliary  tubercles,  although  these  may  be  present  at  the  periph- 

ery. They  sometimes  suppurate  and  break  down,  and  then  they  simu- 
late simple  abscesses.  Tubercle  bacilli  have  been  found  in  these  solitary 

tubercles. 

Conglomerate  and  scattered  miliary  tubercles  of  the  ordinary  form 
sometimes  occur  in  the  brain,  usually  in  connection  with  tuberculous 
inflammation  of  the  meninges  or  ependyma. 

In  the  spinal  cord  solitary  nodules  may  determine  extensive  second- 
ary degenerations.  Multiple  tuberculous  foci  may  occur  in  the  cord. 

They  are  rare  and  usually  secondary  to  tuberculosis  of  the  spinal  meninges. 
Tuberculous  inflammation  of  nerves  is  rare  except  at  their  origins, 

where  it  is  due  to  an  extension  from  tuberculous  meninges.  When  a 
nerve  traverses  tuberculous  tissues,  it  may  be  involved  in  the  inflamma- 

tory process. 

SYPHILITIC  LESIONS  OF  THE  NERVOUS  SYSTEM. 

Syphilitic  lesions  of  the  nervous  system  may  occur  in  either  the  inher- 
ited or  the  acquired  form  of  the  disease.  In  the  former  they  usually 

show  themselves  early  in  life,  though  cases  have  been  reported  after 

puberty.  Gasne  in  an  examination  of  twenty-six  foetuses  of  syphilitic 
parents  found  well-marked  syphilitic  lesions  in  four.  More  commonly 
it  is  a  tertiary  manifestation  of  the  acquired  disease  occurring  from  ten 

to  twenty  years  aiter  the  initial  lesion.  Less  commonly  cerebral  symp- 
toms make  their  appearance  within  a  few  months  after  the  chancre.  The 

lesion  sometimes  appears  in  the  brain  as  the  so-called  gummy  tumors. 
These  are  most  frequently  found  near  the  periphery  of  the  brain,  are 
usually  connected  with  the  meninges,  and  may  be  sharply  circumscribed. 
The  central  portion  of  the  tumor  is  apt  to  be  in  a  condition  of  cheesy 
degeneration,  while  at  the  periphery  is  fibrous  tissue  or  a  dense  infil- 

tration of  small  spheroidal  cells. 
Syphilitic  inflammation  of  the  brain  very  frequently  occurs  in  a  dif- 

fuse form,  characterized  by  the  formation  of  a  gelatinous,  grayish  tissue, 
consisting  of  a  more  or  less  homogeneous  or  granular  basement  substance, 
with  numerous  small  round  cells.  The  neighboring  nerve  elements  are 

apt  to  be  atrophied.  A  most  common  syphilitic  lesion  is  a  specific  arte- 
ritis with  or  without  the  formation  of  small  gummatous  tumors  in  the 

walls  of  the  vessels. 

Syphilitic  inflammation  in  the  cord  is  usually  secondary  to  a  similar 
process  in  the  spinal  meninges.  The  size  and  shape  of  the  gummata  are 
modified  bv  the  restriction  of  the  vertebral  canal.  The  tumors  are 

mainly  significant  from  the  more  or  less  extensive  secondary  degenerations 
which  they  induce. 



976  THE    NERVOUS   SYSTEM 

The  relation  of  syphilis  to  multiple  cerebral  and  spinal  sclerosis  is 
still  uncertain.  Its  relation  to  tabes  and  to  dementia  paralytica  has  been 
noted  under  their  respective  titles.  It  is  probable  that  most  or  all  of 
those  rare  cases  of  tabes  occurring  in  children  are  the  results  of  inherited 

syphilis. 
Syphilitic  inflammation  of  the  peripheral  nerves  is.  like  tuberculous 

inflammation  of  nerves,  usually  dependent  upon  an  extension  of  the 
process  either  from  the  meninges  or  from  some  tissue  through  which  the 
nerves  pass. 

ACTINOMYCOSIS. 

Actinomycosis  of  the  brain  has  been  described.  It  is  a  rare  form  of 
brain  infection,  and  is  usually  secondary  to  actinomycosis  of  the  neck  or 
face.  The  condition  is  apt  to  lead  to  suppuration  and  abscess  formation. 
A  case  has  been  reported  by  Bollinger  in  which  the  disease  was  appa- 

rently primary  in  the  brain. 

LEPROUS  INFLAMMATION. 

This  occurs  in  the  peripheral  nerves  and  consists  in  the  formation 
within  the  nerves  of  masses  of  new-formed  tissue  somewhat  resembling 
granulation  tissue.  In  the  cells  of  this  tissue  multitudes  of  characteristic 
bacilli  are  uniformly  found  (see  Leprosy).  It  constitutes  the  variety  of 
leprosy  known  as  lepra  anaesthetica. 

TUMORS. 

Tumors  occurring  in  the  nervous  system  may  be  of  the  types  found 
in  the  other  organs  or  of  types  peculiar  to  nervous  tissue.  They  may  be 
primary,  or  secondary  to  similar  growths  in  other  parts  of  the  body. 

Tumors  of  the  Brain. 

Myxoma,  fibroma,  lipoma,  and  osteoma  are  rare  forms  of  brain  tumor. 
Neuroglioma  Ganglionare. — This  is  a  form  of  tumor  probably  due  to 

disturbances  in  the  development  of  the  brain.  It  is  peculiar  to  nervous 
tissue  and  occurs  in  the  form  of  circumscribed  tumors  or  of  diffuse 

enlargements  of  portions  of  the  brain.  The  pia  mater  over  these  tumors 
is  unchanged  and  the  convolutions  retain  their  shape.  Tlie  tumors 
are  formed  of  neuroglia,  in  which  are  contained  little  groups  of  ganglion 
cells  (Ziegler). 

Glioma. — This  is  the  most  common  tumor  of  the  brain,  and  like  the 
preceding  is  found  only  in  the  nervous  system.  It  occurs  with  especial 
frequency  in  children  and  young  adults.  Such  tumors  occur  in  all 
parts  of  the  brain,  but  are  found  most  frequently  in  the  cerebrum. 
There  may  be  a  single  tumor,  or  there  may  be  several  such  tumors  in 
different  parts  of  the  brain;  some  of  them  attain  a  large  size.     Bramwell 
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reports  a  case  in  which  considerably  more  than  one-half  of  a  hemisphere 
was  involved.  These  tumors  may  be  sharply  circumscribed,  or  merge 
imperceptibly  into  the  brain  substance;  sometimes  the  tumor  is  arranged 
so  as  to  form  the  wall  of  a  cyst  which  contains  clear  serum.  They  may 
be  white  and  hard;  gray,  soft,  and  gelatinous;  infiltrated  with  small 

haemorrhages  or  partly  degenerated  and  softened.  The  centre  of  a  gli- 
oma may  break  down  and  become  soft  and  necrotic  or  even  fluid.  In 

this  way  a  cyst  is  formed  having  a  wall  of  gliomatous  tissue.  The 
brain  tissue  around  these  tumors  may  be  inflamed  or  necrotic.  These 
tumors  arise  from  the  neuroglia.  The  relative  quantity  of  cells  and  fibrils 
varies  in  different  tumors.  They  are  composed  of  neuroglia  cells  and 

their  delicate  interlacing  processes  (for  minute  structure  see  *' Glioma"). 
If  the  tissue  is  of  a  loose  formation  with  wide  meshes  between  the  fibres  it 

presents  a  myxomatous  appearance,  and  has  been  described  as  myxo- 
glioma.  When  the  cellular  elements  are  very  numerous  the  tumor  is 
often  referred  to  as  a  glio-sarcoma.  In  some  cases  the  vascularity  is  such 
a  marked  feature  that  the  name  of  telangiectatic  glioma  is  applied  to  it. 
(According  to  Ziegler,  a  simple  preponderance  of  cells,  so  long  as  they 

are  of  the  neuroglia  type,  does  not  warrant  classing  the  tumor  as  a  sar- 
coma, and  he  insists  that  the  latter  term  should  be  reserved  for  those 

gliomata  in  which  an  active  proliferation  of  the  connective  tissue  of  the 
walls  of  the  blood-vessels  occurs.)  Osier  reports  three  out  of  five  cases 
of  gliomata  as  made  up  of  large  cells  in  contradistinction  to  the  small- 
cell  variety. 

Sarcoma  occurs  in  any  part  of  the  brain.  It  may  be  single  or  mul- 
tiple. The  tumors  are  composed  of  round  or  fusiform  cells  with  more  or 

less  basement  substance. 
Endothelioma  is  found  in  the  substance  of  the  brain.  The  tumors  are 

of  the  types  described  as  occurring  in  the  pia  mater. 

Angioma. — Small  collections  of  dilated  vessels  are  found  in  the  sub- 
stance of  the  brain.  They  seem  to  be  congenital  like  the  na^vi  of  the 

skin. 

Carcinoma  occurs  in  the  brain.  It  is  usually,  if  not  always,  second- 
ary to  carcinoma  in  some  other  organ. 

Tumors  of  the  Cord. 

In  the  pia  mater  of  the  cord  are  sometimes  found  small  fibromata, 
osteomata,  and  lipomata.  Multiple  fibromata  occasionally  occur  in  the 
cord  in  connection  with  multiple  fibromata  of  the  peripheral  nerves. 

Endotheliomata  of  the  types  described  as  existing  in  the  pia  mater  of 
the  brain  are  much  more  rarely  found  in  the  pia  mater  of  the  cord. 

A  fatty  sarcoma^  of  the  pia  mater,  which  infiltrated  the  cord,  formed 
a  tumor  as  large  as  a  filbert,  and  had  for  twelve  years  caused  gradually 
increasing  paraplegia,  has  been  described. 

Two  curious  cases^  of  diffuse  sarcoma  and  one  of  endothelioma  of  the 

'  Turner,  Trans.  London  Path.  Soc,  vol.  xxxix.,  p.  25,  1888. 
'  Coupland  and  Pasteur,  Trana.  London  Path.  Soc,  vol.  xxxviii.,  p.  26,  1887;  Arch,  fur  Psych.,  1885. 
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pia  mater  of  the  whole  length  of  the  cord  are  recorded.  They  occurred 
in  girls  of  four-and-a-half,  sixteen,  and  twenty-two  years  of  age.  In  each 
case  the  pia  mater  of  the  whole  length  of  the  cord  was  diffusely  thickened 
and  studded  with  nodules.  In  two  of  the  cases  the  growth  was  com- 

posed of  round  cells,  in  the  third  case  of  large  endothelial  cells  arranged 
in  alveoli.  In  two  of  the  cases  the  clinical  symptoms  lasted  only  for 
about  three  weeks,  in  the  third  case  for  five  months.  The  acuteness 
of  the  symptoms  was  such  as  to  indicate  the  existence  of  spinal  meningitis. 

In  the  spinal  conl  itself  gliomata,  fibromata,  sarcomata,  gllo*sarco- 
mata,  and  an^o-sarcomata  occur,  but  are  rare. 

When  gliomata  or  glio-sarcomata  do  occur  in  the  spinal  cord,  the  new 
growth  is  apt  to  extend  for  some  distance  lengthwise  in  the  cord  and  to 

be  attended  with  the  formation  of  a  cavity;  thi.s  condition  is  usually 
described  under  the  name  of  syringomyelia. 

Cysts  may  occur  as  a  result  of  softening  or  from  unknown  causes. 
Sometimes  very  long,  narrow  canals  are  found  in  the  spinal  cord,  even 
reaching  nearly  its  whole  length.  Some  of  these  are  evidently  the 
dilated  central  canal,  as  they  are  lined  with  epithelium.  Others, 
however,  doubtless  originate  in  hseniorrhages  (see  Hueniatomyel- 
opore,  p.  939). 

Syringomyelia. — This  lesion  of  the  spinal  cord  consists  in  the  formation 
of  gliomatous  or  glio-sarconiatous  tissue  in  the  vicinity  of  the  central 
canal,  and  its  subseq\ient  partial  disintegration  with  the  formation  of  one 

or  more  cavities  within  the  substance  of  the  cord  (Fig.  677).  These  cav- 
ities, which  are  filled  with  fluid,  vary  greatly  in  size,  siiape,  and  extent, 

and,  while  usually  situated  in  the  central  region  of  the  cord,  may  involve 
the  anterior  and  posterior  cornua  and  invade  the  posterior  columns. 

There  may  be  two  communicating  cavitie.-*,  and  these  may,  but  usually  do 
not,  open  into  the  central  canal.  The  longitudinal  extent  of  these  cav- 

ities varies  greatly.  The  lower  cervical  and  upper  dorsal  regions  are  most 
frequently  involved.  The  cavity  is  usually  lined  with  tissue  somewhat 
denser  than  that  which  makes  up  the  bulk  of  the  tumor.     The  gliomatous 
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or  glio-sarcomatous  tissue  which  forms  the  basis  of  the  lesion  in  syringo- 
myelia probably  originates  from  the  layer  of  neuroglia  which  surrounds 

or  extends  away  from  the  central  canal. 
Syringomyelia  is  frequently  mistaken  for  hydromyelia,  which  is  a 

congenital  malformation,  in  which  the  longitudinal  cavity  in  the  cord 
is  at  some  period  lined  with  epithelial  cells.  Syringomyelia  has  also 
been  confused  with  hsematomyelopore. 

There  seems,  furthermore,  to  be  a  class  of  lesions  of  the  cord,  usually 
classed  as  syringomyelia,  in  which  cavities  of  various  forms  coexist  with 
a  tumor  in  the  vicinity  of  the  central  canal.  But  these  cavities  do  not 
appear  to  be  formed  by  a  breaking  down  of  the  tumor  tissue,  but  in  some 
other  way  as  yet  little  understood. 

Tumors  of  Nerves. 

The  tumors  of  the  nerves  may  be  divided  into  those  consisting  largely 

of  or  containing  new-formed  nerve  tissue,  true  neuromata,  and  the 
so-called  false  neuromata,  which  are  for  the  most  part  fibromata  or  myxo- 
mata  originating  in  the  connective  tissue  of  the  nerve  (see  Neuroma). 

Myxo -sarcomata  are  less  common,  and  primary  sarcomata  rare.  The 
nerves  may  be  secondarily  involved  in  sarcomata,  or  in  carcinomata 
through  which  they  pass,  though  not  infrequently  nerves  pass  through 
these  tumors  without  being  in  the  least  involved  in  their  peculiar  struc- 

ture. Paltauf  has  described  as  endotheliomata  rare  tumors  of  the  glan- 
dula  carotica. 

PARASITES. 

Cysticercus  and  more  rarely  echinococcus  occur  in  the  brain. 

HOLES  AHD  CYSTS  IN  THE  BRAIN. 

Larger  or  smaller  holes  may  be  found  in  the  brain  tissue  from  dilata- 
tion of  the  perivascular  lymph-spaces,  or  well-formed  cysts  may  exist 

as  a  result  of  haemorrhage,  inflammatory  softening,  hydatids,  etc. 

Porencephalus 

is  a  term  which  has  had  a  wide  range  of  application  to  various  defects  of 
the  brain  substance.  By  some  writers  the  term  has  been  used  to  cover 
almost  any  congenital  absence  of  brain  tissue.  By  others,  brain  defects 
not  congenital  are  included.  Its  most  common  application  is  to  certain 
quite  well  defined  congenital  conditions  in  which  there  is  an  absence  of  a 
considerable  portion  of  one  or  both  hemispheres.  These  holes  may  lie 
deep  in  the  substance  of  the  brain.  More  commonly  they  come  to  the 
surface  making  conical  depressions  in  the  cortex,  which  the  dura  mater 
bridges  over,  but  into  which  the  pia  extends.  There  may  or  may  not  be 
communication  with  the  ventricles.  This  condition  may  coexist  with 
various  mental  aberrations,  hydrocephalus,  etc.  Similar  defects  may 
occur  in  the  cerebellum. 
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Pineal  Gland. 

This  little  body,  about  the  size  of  a  cherry  stone,  is  composed  of  con- 
nective tissue  enclosing  cavities  which  are  filled  with  reticulated  tissue 

and  round  cells.     The  cavities  often  contain  brain  sand. 
A  small  number  of  tumors  belonging  to  the  class  of  teratoma  have 

been  described  as  originating  in  the  pineal  gland. 

Weigert^  describes  a  tumor,  about  3.5  centimetres  in  diameter,  com- 
posed of  epidermis,  hair  follicles,  hair,  sebaceous  glands,  cartilage,  fat, 

smooth  muscle,  and  cylindrical  epithelium. 

Falkson'  describes  a  chondro-cysto-sarcoma,  5.8  centimetres  in 
diameter,  which  apparently  originated  in  the  pineal  gland. 

Turner'  describes  a  tumor  of  the  pineal  gland,  projecting  into  the 
third  ventricle  and  the  left  lateral  ventricle,  of  the  size  of  a  kidney.  The 
tumor  was  composed  of  fusiform  cells,  of  nerve-ganglion  cells,  of  tubules 
and  acini  lined  with  cylindrical  epithelium,  and  of  more  irregular  spaces 
filled  with  large  polygonal  cells. 

Coats*  describes  a  tumor,  three  inches  in  diameter,  growing  into  the 
third  ventricle,  the  aqueduct  of  Sylvius,  and  the  fourth  ventricle.  It 
was  composed  of  fusiform  cells,  of  tubules  lined  with  cylindrical  epi- 

thelium, of  irregular  masses  of  epithelium,  of  cartilage,  and  of  smooth 
muscle. 

Hypertrophy  with  cystic  degeneration  may  occur. 
Hsemorrhage  into  the  substance  of  the  gland  has  been  described. 

Hypophysis  Cerebri.     (The  Pituitary  Body.) 

This  organ  consists  of  three  lobes:  an  anterior,  of  epithelial  cells  and 
blood  vessels;  an  intermediary,  of  epithelial  cells  and  neuroglia;  and  a 
posterior,  of  neuroglia  cells  and  fibers.  The  cells  of  the  anterior  lobe 
are  basophile  or  chief  cells,  and  eosinophile  or  cromophilic  cells. 

Tumors. — Weigert*  describes  a  tumor,  as  large  as  a  hen's  egg,  which 
resembled  in  its  structure  the  normal  anterior  lobe  of  the  pituitary  body, 
and  which  he  regards  as  a  hypertrophy  of  that  body.  Weigert  also 
describes  a  gummy  tumor  of  the  pituitary  body  as  large  as  a  hazelnut. 
Weichselbaum  describes  an  adenoma  of  the  pituitary  body  as  large  as  a 

pigeon 's  egg,  closely  resembling  the  structure  of  the  normal  anterior  lobe 
of  this  body;  a  small  lipoma;  and  a  pituitary  body  with  colloid  cyst^, 

lined  with  ciliated  epithelium.' 

Methods  of  Preparation  of  Nerve  Tissue  for  Microscopical  Study. 

The  general  methods  of  hardening  will  be  found  in  Part  III.  For  minute  study 
there  is  no  one  method  of  staining  and  mounting  upon  which  we  can  rely  exclusively 
for  the  study  of  all  lesions.     A  preliminary  examination  of  areas  of  inflammatory 

»  Weigert,  Virch.  Arch.,  Bd.,  Ixv.,  p.  212,  1875. 
2  Falkson,  ibid.,  Bd.  Ixxv.,  p.  550,  1879. 
'  Turner,  Trans.  London  Path.  Soc,  vol.  xxxvi.,  p.  27,  1885. 
*  Coals,  Trans.  London  Path.  Soc,  vol.  xxxviii.,  p.  44,  1887. 
»  Weigert,  Virch.  Arch.,  Bd.  Ixv.,  p.  219,  1875. 
"  For  an  extended  study  of  tumors  of  the  hypophysis  see  monograph  of  Erdheim,  Sitsungsber.  d. 

kais.  Akad.  d.  Wiss.  in  Wien,  Math.-naturw.  KI.,  Bd.  cxiii.  Abth.,  3,  1904. 
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softening,  or  of  the  disintegrated  tissue  in  apoplectic  clotSy  or  of  the  new-formed  tissue 
in  chronic  hemorrhagic  pachymeningitis  interna,  may  be  made  by  teasing  portions 
of  the  affected  tissues  in  0.5-per-cent.  salt  solution.  Or  the  tissues  in  these  lesions, 
or  in  any  others  in  which  fatty  degeneration  is  suspected,  may  be  placed  for  twenty- 
four  hours  in  l-per-cent.  aqueous  solution  of  osmic  acid,  and  then  washed  and  teased 
in  glycerin.  In  this  way  the  myelin  and  the  fat  will  be  stained  brown  or  black. 
Secondary  and  other  degenerations  of  meduUat^d  nerves  may  be  studied  by  soaking 
the  nerves  for  twenty-four  hours  in  l-per-cent.  solution  of  osmic  acid,  and  then  staining 
with  picrocarmine  and  teasing  and  mounting  in  glycerin. 

To  demonstrate  the  presence  of  miliary  aneurisms  in  or  about  apoplectic  clots,  it 
is  usually  necessary  to  macerate  the  brain  tissue  in  water  until  the  nerve  elements  dis- 

integrate, and  they  may  then  be  washed  away  under  a  stream  of  water,  leaving  the 
blood-vessels  with  their  aneurisms  exposed. 

Marchis  Method. — For  studying  early  stages  of  degeneration  in  medullated  nerve 
fibres  this  method  is  invaluable.  It  depends  upon  the  fact  that  while  myelin  and  fat 
both  stain  black  when  the  fresh  nerve  fibres  are  placed  directly  into  osmic  acid,  a  pre- 

liminary soaking  in  a  solution  of  potassium  bichromate  so  affects  the  tissue  that  the 
myelin  sheaths  of  normal  fibres  no  longer  impregnate  with  osmium,  the  fat  droplets 
alone  staining. 

Tissues  are  first  hardened  from  one  to  three  weeks  in  Miiller's  fluid,  or  simply  in  a 
2-  or  3-per-cent.  aqueous  solution  of  potassium  bichromate.  They  are  then  trans- 

ferred to  a  mixture  of  l-per-cent.  aqueous  solution  of  osmic  acid  one  part,  Miiller's 
fluid  two  parts,  where  they  remain  from  three  days  to  a  week. 

By  following  the  lines  of  fat  droplets,  degenerative  changes  in  nerve  fibres  may  be 
traced  either  in  the  peripheral  nerves  or  in  the  central  nervous  system. 

Eosin-Hcematoxylin  Staining. — Suppurative  inflammation  of  the  central  nervous 
system  and  its  membranes,  or  the  connective-tissue  changes  in  general,  may  be  studied 

in  sections  from  the  tissues  hardened  in  Miiller's  fluid  and  alcohol,  stained  double  with 
hsematoxylin  and  eosin  (see  p.  1035),  and  mounted  in  Canada  balsam. 

Weigert's  Method. — A  very  useful  method  of  staining  sections  of  nerve  tissue,  espe- 
cially of  the  brain  and  cord,  is  that  known  as  Weigert's  hcematoxylin  method.  The 

tissue  is  first  well  hardened  in  Mailer's  fluid. 
Blocks  of  the  hardened  tissue  are  embedded  in  celloidin  and  sections  made  in  the 

usual  way.  The  sections  are  first  soaked  for  twenty-four  hours  in  a  saturated  aqueous 
solution  of  neutral  cupric  acetate  diluted  with  an  equal  bulk  of  water,  or,  if  the  mate- 

rial has  been  kept  some  time  and  takes  the  hematoxylin  stain  with  difficulty,  a  better 
result  is  often  obtained  by  soaking  the  sections  for  from  twelve  to  twenty-four  hours 
in  a  3-  to  5-per-cent.  aqueous  solution  of  bichromate  of  copper  before  staining.  They 
are  now  thoroughly  washed  twice  in  water,  then  in  alcohol,  and  then  are  transferred 
to  the  hematoxylin  solution,  made  as  follows : 

Hsematoxylin  crystals    1  gm. 
Alcohol,  97  per  cent    10  c.c. 
Water   "*    90  c.c. 
Saturated  aqueous  solution  lithium  carbonate       Ic.c. 

In  this  solution  the  sections  remain  for  two  hours.  (If  the  finer  fibres  of  the  cere- 
bral cortex  are  to  be  brought  out,  the  sections  must  remain  for  twenty-four  hours  in 

the  hematoxylin  solution.)  The  sections  are  now  thoroughly  washed  in  two  or  three 
waters  and  transferred  to  the  bleaching  solution,  composed  as  follows : 

Potassium  ferricyanide            2.5  gm. 
Sodium  biborate              2      gm. 
Water     200      c.c. 

In  this'  fluid  the  sections  discharge  a  brownish  color,  and  they  remain  in  it  until  the gray  matter  has  a  distinct  yellow  color  and  the  white  matter  is  bluish  black.  The 
time  required  to  produce  this  effect  varies  considerably,  and  is  usually  from  half  an 
hour  to  an  hour.  The  sections  are  now  washed,  dehydrated  with  alcohol,  cleared  up 
in  oil  of  cloves  or  oil  of  origanum,  and  mounted  in  balsam.     The  sections  may  be 
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stained  in  alum  carmine  before  dehydration,  to  bring  out  the  nuclei.  In  sections 
stained  by  this  method  the  gray  matter,  connective- tissue  elements,  and  ganglion 
cells  have  a  yellow  or  yellowish  brown  color,  the  axis  cylinders  are  uncolored  or  have 
a  slight  yellowish  tint,  while  the  medullary  sheaths  are  bluish  black  or  black. 

NissVa  Staining  Method. — There  are  several  variations  of  this  method,  but  the 
following  gives  good  results  in  most  cases: 

The  essential  feature  of  the  so-called  Nissl's  method  is  the  application  of  the  aniUn 
dyes  to  the  staining  of  certain  structural  elements  in  the  nucleus  and  cytoplasm,  which 
are  distinguished  from  the  other  structures  of  the  cell  by  a  differentiating  decoloriza- 
tion  with  alcohol. 

Methylene  blue  is  the  most  generally  useful  of  the  aniUn  dyes  for  this  purpose. 
The  specimens  should  have  been  carefully  hardened  in  sublimate  solution  or  in 

alcohol  or  in  formalin. 

Very  thin  sections  are  stained  in  1-per-cent.  solution  of  methylene  blue.  The 
staining  may  be  effected  on  a  slide  on  which  the  sections  are  floating  in  the  blue  solu- 

tion by  gently  heating  over  a  lamp  until  the  fluid  steams. 
The  sections  are  now  transferred  to  a  mixture  of  absolute  alcohol  90  parts,  with 

anihn  oil  10  parts,  in  which  the  differentiation  iseffected  by  the  use  of  successive  fresh 
portions  of  fluid  until  slight  but  distinct  differentiation  in  color  is  seen  between  the 
gray  and  white  matter  of  the  nerve  tissue.  The  exact  degree  of  decolorization  which 
gives  the  Ifest  pictures  will  be  learned  by  practice  of  the  method.  In  most  cases  the 
use  of  alcohol  alone  without  aniUn  oil  is  preferable  to  the  mixture,  and  in  any  case 
the  sections  should  always  be  washed  in  strong,  pure  alcohol  before  passing  on  to  the 
xylol.  The  sections  are  now  freed  from  the  bulk  of  the  alcohol  upon  the  slide,  cleared 
in  xylol,  and  mounted  in  dammar  varnish,  in  which  the  color  is  apt  to  be  preserved 
better  than  in  balsam.  By  this  procedure  the  chromophilic  bodies  in  the  cytoplasm  of 
ganglion  cells  are  sharply  differentiated,  and  thus  abnormal  conditions  may  be  detected 
in  them  (see  Plate  XIII.). 

A  contrast  stain  with  erythrosin  (HeldO  is  useful  in  demonstrating  cell  structures 
which  are  not  visible  with  the  simple  Nissl  staining.     This  may  be  secured  as  follows: 

The  sections  are  first  warmed  from  one  to  two  minutes  in  the  following  solution : 

erythrosin,  gm.  1;  acetone,  gtt.  ij.;  aqua  dest.,  150  c.c.  They  are  then  washed  thor- 

oughly in  water  and  transferred  to  a  solution  consisting  of  equal  parts  of  Nissl's  methyl- 
ene-blue  solution  and  a  5-per-cent.  acjueous  solution  of  acetone.  In  this  they  are 
warmed  until  the  odor  of  acetone  ceases  to  be  given  off.  The  sections  are  decolorized 
in  a  0. 1-per-cent.  solution  of  alum  until  they  appear  red  in  color,  and  are  then 
dehydrated  in  alcohol  and  cleared  and  mounted  in  the  usual  way. 

»  Held,  Arch.  f.  Anat.  und  Phys.,  Anat.  Abt.,  1895,  p.  396.  1897,  p.  204. 
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CHAPTER  I. 

THE  METHOD  OF  MAKING  POST-MORTEM 
EXAMINATIONS. 

General  Considerations. 

The  object  in  making  a  post-mortem  examination  may  be  to  deter- 
mine whether  a  person  has  died  from  violence  or  poisoning;  to  account 

for  a  sudden  death;  or  to  study  the  lesions  of  disease.  In  any  case  the 
examination  should  include  all  the  important  parts  of  the  body,  not 
merely  a  suspected  organ,  and  the  results  should  be  recorded  at  the  time 
the  examination  is  made. 

Great  care  is  necessary  in  endeavoring  to  ascertain  the  cause  of  death 
when  the  clinical  history  is  imperfect  or  unknown.  Mechanical  injuries 
which  destroy  life  by  abolishing  the  function  of  one  of  the  important 
viscera,  are  relatively  infrequent.  Most  of  the  lesions  found  after  death 
are  rather  the  marks  of  disease  than  the  cause  of  death.  We  do  not 

know,  for  example,  how  great  a  degree  of  meningitis,  or  of  pneumonia, 
or  of  endocarditis,  or  of  cirrhosis,  or  of  nephritis  necessarily  leads  to 
death.  On  the  contrary,  one  patient  may  recover  with  an  extent  of 
lesion  which  is  sufficient  to  destroy  the  life  of  another.  So  with  acci- 

dents; there  is  often  no  evident  reason  why  fractures  of  the  skull  or  of 
the  pelvis  should  destroy  life,  yet  they  usually  do.  In  some  of  the  infec- 

tious diseases,  such  as  typhoid  fever,  the  visible  lesions  cannot  always 
be  called  the  cause  of  death.  Sudden  deaths  of  persons  apparently  in 
good  health  are  often  particularly  obscure.  In  many  of  them  we  have 
to  acknowledge  that  we  can  find  no  sufficient  cause  for  the  death.  This 
is  of  course  due  to  our  imperfect  knowledge,  but  it  is  much  better  in 
such  cases  to  avow  ignorance  than  to  attribute  the  death  to  some  trifling 
lesion.  The  brain  and  the  heart  are  the  organs  which  are  especially  capa- 

ble of  giving  symptoms  during  life,  without  corresponding  lesions  after 
death.  Very  well-marked  cardiac  or  cerebral  symptoms  may  continue 
for  days  or  months,  and  apparently  destroy  life,  and  yet  after  death 

we  find  no  corresponding  anatomical  changes.^  But  it  should  be  remem- 
bered that  recent  advances  in  our  knowledge  of  the  cell,  which  an 

improved  technique  in  hardening  and  preparation  has  greatly  fostered, 
have  already  shown  that  under  various  abnormal  conditions  the  cells, 
especially  of  the  nervous  system,  may  undergo  morphological  changes  of 
great  significance,  without  perceptible  alteration  in  the  gross  appearance 
of  the  affected  part,  changes  which  even  the  microscopical  examinations 
of  the  past  have  failed  to  disclose.  So  that  while  there  often  appears  to 
be  a  wide  discrepancy  between  symptoms  and  lesions,  with  the  increase 

1  See  Sudden  Death,  p.  446. 
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of  knowledge  the  scope  of  this  discrepancy  is  steadily  narrowing.  It  is 
the  novice  in  post-mortem  examinations  who  is  particularly  apt  to  mis- 

take for  lesions  ordinary  post-mortem  alterations  or  the  effects  of 
embalming  processes. 

The  cause  of  death  is  not  always  to  be  found  in  the  organ  primarily 
affected  or  which  shows  the  most  pronounced  lesions.  Thus  chronic  dif- 

fuse nephritis  may  exist  for  years  with  more  or  less  marked  symptoms  of 
disease.  But  death  may  finally  be  due  to  a  weakened  heart  which  was 
secondarily  involved,  or  occur  in  unrmic  convulsions,  the  brain  showing 
no  lesions  at  all.  It  is  desirable,  therefore,  and  in  the  majority  of  cases 
possible,  to  differentiate  between  obvious  lesions  and  the  cause  of  death. 

External  Inspection. 

Before  commencing  the  examination  of  the  internal  viscera  an  inspec- 
tion should  be  made  of  the  external  surface  of  the  body.  The  minute- 
ness of  this  inspection  will  depend  upon  the  character  of  the  case.  In 

the  case  of  an  unknown  person,  or  of  one  suspected  to  have  died  from 
unnatural  causes,  it  is  necessary  to  search  for  and  record  not  only  all 

contusions,  w'ounds,  etc.,  their  size,  situation,  and  condition,  but  also 
deformities  from  disease  and  any  physical  peculiarities  of  hair,  eyes, 
teeth,  moles,  etc.,  by  which  the  person  may  be  identified.  In  such  cases 
it  is  well,  if  possible,  to  photograph,  weigh,  and  measure  the  body.  In 

cases  of  doubtful  identity  it  is  sometimes  wise  to  make  a  w^ax  or  plaster 
cast  of  the  outside  of  the  teeth  and  jaws.  In  ordinary  examinations  we 
note  the  general  nutritive  condition  q{  the  body,  and  look  for  evidences 
of  external  injury,  for  skin  diseases,  ulcers,  oedema,  gouty  deposits, 
abscesses,  enlarged  lymph-nodes,  etc.  The  external  organs  of  generation 
should  be  searched  for  syphilitic  lesions. 

It  is  w^ell  to  weigh  the  body,  since  the  significance  of  the  weight  of 
the  individual  organs  is  often  closely  dependent  upon  the  relationship 
of  their  weight  to  that  of  the  entire  body. 

Cadaveric  Lividity. — It  is  usual  to  find  certain  changes  in  the  exter- 
nal appearances  of  the  body,  which  are  due  to  the  cessation  of  life  and 

the  commencement  of  decomposition.  We  speak  now  of  bodies  which 
have  not  been  buried,  but  which  have  been  kept  in  the  ordinary  way, 
lying  on  the  back,  and  loosely  covered  with  a  shroud  or  dressed  with  the 
ordinary  clothing. 

After  life  becomes  extinct,  and  before  the  blood  coagulates,  it  changes 
its  position  chiefly  in  two  ways:  first,  it  is  driven  by  their  contraction 
out  of  the  arteries  into  the  veins;  second,  it  settles  in  the  veins  and 
capillaries  of  the  more  dependent  parts  of  the  body,  inducing  usually 
within  a  few  hours  after  death  a  mottling  of  the  surface  with  irregular 
livid  patches.  These  patches  may  coalesce,  forming  a  uniform  dusky 
red  color  over  the  back  of  the  trunk,  head,  and  extremities,  and  some- 

times over  the  ears,  face,  and  neck.  The  same  effect  is  observed  on  the 
anterior  aspect  of  the  body  if  it  has  lain  on  the  face.  At  points  of  pres- 

sure, from  folds  in  the  clothing,  or  from  the  weight  of  the  body  on  the 
table,  the  red  color  is  absent  or  less  marked.     These  changes  occur 
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before  putrefaction  sets  in.  This  cadaveric  lividity  or  hypostasis  should 
not  be  mistaken  for  ante-mortem  ecchymosis,  from  which  it  may  usually 
be  readily  distinguished  by  its  position  and  extent,  by  the  fact  that  the 
surface  of  the  skin  is  not  elevated,  and  by  the  fact  that  on  incision  no 
blood  is  found  free  in  the  interstices  of  the  tissues.  Not  infrequently 

the  subcutaneous  tissue  in  the  vicinity  of  these  post-mortem  hypostases 
becomes  infiltrated  with  reddish  serum.  Very  soon  after  death,  particu- 

larly in  warm  weather,  the  tissues  immediately  around  the  subcutaneous 
veins  of  the  neck  and  thorax,  and  in  other  situations,  may  become 
stained  of  a  bluish  red  color  from  the  decomposition  and  escape  from 
the  vessel  of  the  coloring  matter  of  the  blood.  If  the  epidermis  has 
been  detached  at  any  point,  the  skin  beneath  soon  becomes  dry  and 
brown. 

Putrefactive  Changes. — Usually  in  from  one  to  three  days,  depending 
upon  circumstances,  a  greenish  discoloration  of  the  skin  appears,  at  first 

upon  the  middle  of  the  abdomen,  over  which  it  gradually  spreads,  assum- 
ing a  deeper  hue  and  often  changing  to  a  greenish  purple  or  brown. 

Greenish  patches  may  now  appear  on  different  parts  of  the  body,  earliest 
upon  those  overlying  the  internal  cavities;  this  discoloration  is  probably 

produced  by  the  action  on  the  haemoglobin  of  gases  developed  by  decom- 
position. The  eyeballs  now  become  flaccid,  and  if  the  eyelids  are  not 

closed  the  conjunctiva  and  cornea  become  brown  and  dry.  The  pressure 

of  gases  developed  by  decomposition  in  the  internal  cavities  not  infre- 
quently forces  a  greater  or  less  quantity  of  frothy,  reddish  fluid  or  mucus 

from  the  mouth  and  nostrils,  distends  the  abdomen,  and,  if  excessive, 
may  lead  to  changes  of  position  of  the  blood  in  the  vessels,  and  even  a 

moderate  amount  of  displacement  of  the  internal  organs.^ 
After  a  varying  period,  sometimes  within  five  or  six  days,  the  entire 

surface  of  the  body  may  be  discolored,  green  or  brown.  Then  the  epi- 
dermis may  become  loosened  by  the  accumulation  of  gases  and  fluids 

beneath  and  the  tissues  become  flaccid.  The  abdomen  may  be  greatly 
distended  and  the  features  distorted  from  swelling.  The  rapidity  with 
which  these  changes  occur  depends  upon  various  conditions.  Thus  an 
elevated  temperature  and  the  presencce  of  air  and  moisture  hasten  the 
advent  and  progress  of  putrefaction. 

The  bodies  of  infants  usually  decompose  more  rapidly  than  those  of 
adults,  fat  bodies  more  quickly  than  lean  ones.  The  infectious  diseases, 
intemperance,  and  the  puerperal  condition  promote  rapid  decomposition, 
as  does  also  death  from  suffocating  gases.  Poisoning  by  arsenic,  alcohol, 
antimony,  sulphuric  acid,  strychnin,  and  chloroform  may  retard  the 
progress  of  decomposition.  Burial  in  dry  soil  and  submersion  in  water 

also  retard  the  progress  of  decay.  ̂ 
*  In  cases  with  the  early  and  marked  formation  of  gas  in  the  tissues  and  organs,  especially  in  the 

liver,  the  possibility  of  infection  with  Bacillus  agrogenes  capsulatus  should  be  borne  in  mind.  Sec 
p.  289. 

2  For  a  study  of  bacteria  in  the  blood  of  the  cadaver  see  OUolenghi,  Vierteljahresschrift.  f.  gerichtl. 
Medicin,  Bd.  iv.,  Suppl.;  see  also  Babes,  "Lea  maladies  infectieuses  en  m4decine  l^ale,"  Annales 
d'Hygiene  Publique,  t.  xli.,  p.  193,  1899. 

Concerning  the  conversion  of  the  body  into  adipocere  see  Etring,  Peterson  and  Haines'  "Text- 
book of  Legal  Medicine,"  vol.  i.,  p.  138;  see  also  Ascarelli,  Vierteljahresschrift  f.  gerichtl.  Met!,  xxxii., 

p.  219,  1906. 



988  MAKING    POST-MORTEM    EXAMINATIONS 

Cooling  of  the  Body. — After  death  the  chemical  changes  upon  which 
the  maintenance  of  the  temperature  depends  rapidly  diminish,  and  the 
body  gradually  cools  to  the  temperature  of  the  surrounding  medium. 
This  usually  occurs  in  from  about  fifteen  to  twenty  hours,  but  the  time 
required  depends  upon  a  variety  of  conditions.  Immediately  after  death 
there  is,  in  nearly  all  cases,  a  slight  elevation  of  internal  temperature, 
owing  to  the  fact  that  the  metabolic  changes  in  the  tissues  still  continue 
for  a  time,  while  the  blood  ceases  to  be  cooled  by  passing  through  the 
lungs  and  peripheral  capillaries.  After  death  from  certain  diseases — 
yellow  fever,  cholera,  rheumatic  fever,  and  tetanus — a  considerable  ele- 

vation of  internal  temperature  has  been  repeatedly  observed.  The  time 
occupied  by  the  cooling  of  the  body  may  be  prolonged  after  sudden  death 
from  accidents,  acute  diseases,  apoplexy,  and  asphyxia.  A  number  of 
cases  are  recorded  in  which  the  body  retained  its  heat  for  several  days, 
without  known  cause. 

After  death  from  wasting  chronic  disease,  and  in  some  cases  after 
severe  haemorrhages,  the  cooling  of  the  body  is  very  rapid,  the  internal 
temperature  being  reduced  to  that  of  the  surrounding  air  within  four  or 
five  hours.  Fat  bodies  cool  less  quickly  than  lean  ones,  the  bodies  of 
well-nourished  adults  less  quickly  than  those  of  children  or  old  persons. 
The  temperature  of  the  surrounding  medium,  and  the  degree  of  protection 
of  the  body  from  currents  of  air,  of  course,  modify  the  progress  of  cool- 

ing; and  the  internal  organs  naturally  retain  their  heat  longer  than  the 
surface  of  the  body.  The  rate  at  which  cooling  occurs  is  most  rapid,  as 
a  rule,  during  the  hours  immediately  following  death,  notwithstanding 
the  post-mortem  rise  which  may  ensue. 

It  will  thus  be  seen  that,  if  required  to  pronounce  upon  the  time 
which  has  elapsed  since  death  in  a  given  case,  we  can  do  so  only  approxi- 

mately. It  is  necessary  to  take  into  account  all  of  the  above-mentioned 
conditions  which  modify  the  rate  of  cooling  of  the  body,  and  then  we 
may  be  able  to  state  only  the  probabilities  of  the  case.  It  is  furthermore 
unsafe  in  any  case  to  infer  the  cause  of  death  from  the  rate  of  cooling  of 
the  body. 

Rigor  Mortis. — Death  is  usually  succeeded  immediately  by  a  period  of 
complete  muscular  relaxation.  The  jaws  drops  and  the  limbs  become 
flaccid.  The  muscles  may  retain  for  two  or  three  hours,  however,  the 
capacity  of  contracting,  on  the  application  of  appropriate  stimuli.  On 
the  average,  within  six  hours  the  muscles  become  firm  and  rigid.  This 
post-mortem  rigidity  is  called  rigor  mortis.  On  the  occurrence  of  the 
rigor  mortis  the  muscles  becomes  fixed  in  whatever  position  they  may 
have  had  at  the  time  of  its  occurrence.  It  usually  begins  in  the  muscles 
of  the  eyelids,  extends  to  those  of  the  back  of  the  neck  and  lower  jaw, 
then  to  the  face  and  neck,  and  thence  passing  downward  affects  the  mus- 

cles of  the  thorax  and  lower  extremities.  It  usually  disappears  in  the 
same  order.  Although  commencing  on  the  average  six  hours  after  death, 
it  may  set  in  at  once  or  be  delayed  for  twenty-four  hours  or  more.  It 
may  pass  off  very  rapidly,  in  rare  cases  in  from  one  to  three  hours;  or 
it  may  persist  for  two  or  three  weeks  or  longer.     It  may  be  said  in  gen- 
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eral  that  the  average  time  of  its  disappearance  is  within  twenty-four  or 
forty-eight  hours  after  its  occurrence,  depending  on  temperature,  its 
intensity,  the  mode  of  death,  the  period  of  its  advent,  etc.  Caspar 
states  that  in  foetuses  before  term  he  has  never  observed  rigidity,  and 
that  in  young  children  it  is  feeble  and  of  short  duration.  Its  occurrence 

and  phenomena  may  be  in  some  cases  of  the  highest  medico-legal  impor- 
tance; but  its  careful  observation  does  not,  with  our  present  knowledge 

of  its  significance,  appear  essentially  to  further  the  aims  of  the  practical 

pathologist.^ 
Contusions. — It  is  often  important  to  determine  whether  violence  has 

been  inflicted  upon  a  body  before  death.  In  regard  to  this  point,  we 
must  remember,  first,  that  blows  and  falls  of  sufficient  violence  to  fracture 
bones  and  rupture  the  viscera  may  leave  no  marks  on  the  skin,  even 
though  the  person  has  survived  for  several  days;  and,  second,  that  there 

are  post-mortem  appearances  which  simulate  ante-mortem  bruises.  A 
severe  contusion  during  life  may  present,  at  first,  no  mark  or  only  a 
general  redness.  After  a  short  time  the  injured  part  becomes  swollen 
and  of  a  red  color;  this  color  may  be  succeeded  by  a  dark  blue,  and  this 
in  turn  fade  into  a  greenish  yellow  or  yellow;  these  later  appearances 

are  due  to  an  escape  of  blood  from  the  vessels  and  to  a  subsequent  decom- 
position of  haemoglobin.  If  therefore  we  cut  into  such  an  ecchymosis 

after  death,  we  find  extravasated  blood  or  the  coloring  matter  of  the 

blood,  in  the  form  of  pigment  granules,  free  in  the  tissues.  Post-mortem 
discolorations,  on  the  other  hand,  although  their  external  appearance 

may  resemble  that  of  ante-mortem  ecchymosis,  are  not  formed  by  an 
extravasation  of  blood,  but  by  a  circumscribed  congestion  of  the  vessels 
or  by  an  escape  of  blood-stained  serum.  If  we  cut  into  such  discolor- 

ations, therefore,  we  find  no  blood  outside  the  vessels.  Care  should 

be  taken  not  to  mistake  the  lesions  of  hsemorrhagic  infection  for  trau- 
matic ecchymoses. 

Blows  on  the  skin  of  a  body  which  has  been  dead  for  not  more  than 
about  two  hours  may  produce  true  ecchymoses  with  extravasation  of 
blood,  such  as  can  be  distinguished  with  great  difficulty  or  not  at  all 
from  those  formed  during  life.  If  putrefactive  changes  be  present,  the 

difficulty  of  distinguishing  between  ante-mortem  and  post-mortem  bruises 
is  greatly  enhanced. 

Hanging  and  strangulation  are  attended  with  the  formation  of  marks 
on  the  neck  which  are  described  in  works  on  forensic  medicine.  These 
marks  must  not  be  confounded  with  the  natural  creases  of  the  skin  of 

the  neck.  Many  adults  during  life  have  creases  of  the  skin  of  the  neck, 
one  or  more  in  number,  running  downward  from  the  ear  under  the  chin 
or  encircling  the  neck.  After  death  these  creases  may  be  much  more 

evident  than  during  life,  and  may  be  rendered  more  decided  by  the  posi- 
tion of  the  head  and  the  freezing  of  the  body.  They  usually  persist 

until  the  skin  putrefies. 

*  For  further  details  concerning  rigor  mortis,  putrefactive  changes,  pmrticularly  the  later  stages, 
and  the  phenomena  of  cooling  of  the  body,  see  Tidy,  **  Legal  Medicine,"  vol.  i.,  or  other  works  on  medical 
jurisprudence. 
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Wounds. — We  should  notice  the  situation,  extent,  and  direction  of  a 
wound,  the  condition  of  its  edges  and  the  surrounding  tissues.  If  it  be 
a  deep,  penetrating  wound,  its  course  and  extent  should  be  ascertained  by 
careful  dissection  rather  than  by  the  use  of  a  probe. 

If  the  edges  of  a  wound  be  inflamed  and  suppurating,  or  commencing 
to  cicatrize,  it  must  have  been  inflicted  some  time  before  death.  In  a 
wound  inflicted  a  short  time  before  death,  the  edges  are  usually  everted; 
there  may  be  more  or  less  extravasation  of  blood  into  the  surrounding 
tissues,  and  the  vessels  contain  coagula;  but  sometimes  none  of  these 
changes  are  observed.  The  chief  characteristics  of  a  wound  infiieteil 
after  death  are  absence  of  a  considerable  amount  of  bleeding,  non- 
retraction  of  the  edges,  and  the  absence  of  extravasation  of  blood  into  the 
tissues.  But  a  wound  inflicted  within  two  hours  after  death  may 
resemble  very  closely  one  received  during  life.  In  general,  unle^ss  a 
wound  is  old  enough  for  its  edges  to  present  inflammatory  changes, 

we  must  be  very  careful  in  asserting  its  ante-mortem  or  post-mortem 
character. 

Fractures. — It  may  be  important  to  determine  whether  a  bone  was 
fractured  before  or  after  death.  This  point  cannot*  always  be  decided. 
Fractures  inflicted  during  life  are,  as  a  rule,  attended  with  more  extrava- 

sation of  blood  and  evidences  of  reaction  in  the  surrounding  tissues;  but 
fractures  produced  within  a  few  hours  after  death  may  resemble  these 
very  closely.  Usually  a  greater  degree  of  force  is  necessary  to  fracture 
bones  in  the  dead  than  in  the  living  body. 

Scars  and  Tattoo  Harks. — The  presence  and  character  of  cicatrices 
should  be  noticed.  Scars  produced  by  any  considerable  loss  of  substance 
may  become  very  much  smaller  and  less  conspicuous,  but  never  entirely 
disappear.  Slight  and  superficial  wounds,  however,  leave  marks  which 
may  not  be  permanent.  The  discoloration  produced  by  tattooing  may, 
although  it  rarely  does,  disappear  during  life. 

Internal  Examination.^ 

After  completing  the  external  inspection  of  the  body,  we  commence 
the  internal  examination.  In  order  that  this  examination  may  be  made 
both  thoroughly  and  rapidly,  we  should  follow  a  regular  method.  The 
method  should  be  such  as  will  enable  us  to  examine  the  relations  of  parts 
to  one  another,  without  seriously  disturbing  them,  and  to  remove  and 
inspect  the  organs  in  such  an  order  and  manner  as  will  not  interfere  with 
the  examination  of  parts  which  are  to  follow.  In  certain  cases  it  may 

be  necessary  to  depart  from  the  regular  method;^  but,  as  a  rule,  the 
following  plan  will  be  found  most  advantageous. 

It  is  important  to  remember  the  difference  between  the  distribution 
of  the  blood  in  the  body  during  life  and  after  death.     During  life  the 

'  For  sizes  and  weights  of  various  organs,  and  other  data,  see  Vierordt's  "Anatom.  Physiol,  und 
Physikalische  Daten  u.  Tabellen,"  3d  ed.,  1906.  For  a  study  of  the  weights  of  the  viscera  in  infancy 
and  childhoofl  see  Bovaird  and  NicoU,  Arch,  of  Pediatrics,  vol.  xxiii.,  p.  641,  1906. 

'  Sometimes  the  thoracic  or  abdominal  viscera  or  both  together  may  wisely  be  taken  out  in  mass. 
See  for  advantages  of  this  method  Heller,  Vierteljahrssch.  f.  gerichtl.  Med.,  Bd.  xxvii.,  p.  110. 

-,"1 
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blood  is  in  constant  motion  and  is  distributed  in  a  regular  way  in  the 
heart,  capillaries,  arteries,  and  veins.  Inflammations  and  obstructions 
to  the  circulation  may  disturb  this  natural  distribution  and  produce  con- 

gestion of  particular  parts  of  the  body.  After  death  the  blood  ceases  to 
circulate;  it  leaves  the  left  cavities  of  the  heart,  the  arteries  and  capil- 

laries, and  collects  in  the  veins  and  the  right  cavities  of  the  heart.  Ac- 
cording to  the  character  of  the  disease  which  causes  death,  coagulation 

of  the  blood  takes  place  more  or  less  extensively  and  at  an  earlier  or 
later  period.  The  local  congestions  which  existed  during  life  often  dis- 

appear after  death.  On  the  other  hand,  local  congestions  are  found  after 
death  which  did  not  exist  during  life.  Thus,  after  death  the  scalp  often 
contains  a  large  amount  of  venous  blood.  The  veins  of  the  pia  mater 
and  the  sinuses  of  the  dura  mater  may  be  filled  with  blood.  The  mucous 
membrane  of  the  larynx  and  trachea  may  appear  to  be  deeply  congested. 
The  lungs  are  congested  if  the  patient  has  been  comatose  for  some  hours 
before  death.  All  the  tissues  of  the  back  and  the  membranes  of  the 
spinal  cord  are  often  gorged  with  venous  blood.  The  right  auricle  and 
ventricle  of  the  heart  may  contain  fluid  or  clotted  blood  iu  considerable 
quantity. 

THE  HEAD. 

The  scalp  is  divided  by  an  incision  across  the  vertex,  from  ear  to  ear. 
The  flaps  are  dissected  forward  and  backward,  taking  up  the  temporal 
muscles  with  the  skin  and  leaving  the  pericranium  attached  to  the  bone. 
The  internal  surface  of  the  scalp  and  the  pericranium  are  to  be  searched 
for  ecchymoses  and  inflammatory  lesions. 

A  circular  incision  is  now  made  through  the  cranium  with  a  saw. 
The  incision  should,  in  front,  pass  through  a  point  about  three  and  one- 
half  inches  above  the  bridge  of  the  nose;  behind,  through  the  occipital 
protuberance.  Care  should  be  taken  not  to  cut  through  the  dura  mater 
with  the  saw.  When  the  roof  of  the  cranium  is  thus  entirely  loosened, 
a  stout  hook  is  introduced  under  the  upper  edge  of  the  calvarium,  and 
this  is  wrenched  off  with  a  jerk. 

Sometimes  the  dura  mater  is  so  firmly  adherent  to  the  calvarium  that 
the  latter  cannot  be  torn  from  it  without  injury  to  the  brain.  In  this 
case,  and  also  if  the  dura  mater  should  have  been  accidentally  cut 
through  by  the  saw  in  making  the  circular  incision,  the  dura  mater  may 
be  cut  through  at  the  level  of  the  cranial  incision,  and  the  brain  removed 
with  the  calvarium  and  separated  afterward.  Or,  which  is  better,  in 
addition  to  the  circular  incision,  a  longitudinal  incision  is  made,  from 
front  to  back,  about  three-quarters  of  an  inch  to  one  side  of  the  median 
line  of  the  skull,  and  a  segment  of  bone  removed.  The  knife  blade  may 
now  be  inserted  from  the  open  side,  and  the  dura  cut  away  from  the 
skull-cap  along  the  line  of  the  longitudinal  sinus,  where  the  adhesions  are 
apt  to  be  most  firm. 

We  should  notice  whether  or  not  the  calvarium  is  symmetrical.  The 
cranial  bones  increase  in  size  by  a  growth  of  bone  at  the  edges  of  the 
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sutures.  If  any  suture  becomes  completely  ossified  and  closed  prema- 
turely, the  bones  will  be  unequally  developed.  The  thickness  and  density 

of  the  cranial  bones  vary  considerably  within  the  limits  of  health.  There 
are  often  deep  depressions  on  the  inner  surface  of  the  skull  along  the 
sagittal  suture,  caused  by  the  pressure  of  the  Pacchionian  bodies  ,  and  of 
no  pathological  significance.  We  should  observe  the  blood  content  of 
the  bone,  determine  the  existence  or  absence  of  fractures,  inflammatory 
lesions,  exostoses,  etc. 

The  dura  mater  is  now  exposed.  It  is  more  or  less  adherent  to  the 
calvarium;  a  moderate  amount  of  adherence,  especially  in  old  persons, 
does  not  denote  disease.  Very  extensive  and  firm  adhesions  are  usually 
produced  by  inflammation.  Near  the  median  line  the  Pacchionian  bodies 
often  project  through  the  dura  mater  and  may  produce  indentations  in 
the  internal  surface  of  the  calvarium.  We  must  look  for  clots  and  for 

tumors  and  for  inflammatory  lesions  on  the  external  surface  of  the  dura 
mater.  The  longitudinal  sinus  should  be  laid  open  and  its  contents 
examined.  A  circular  incision  is  then  made  through  the  dura  mater  in  a 
line  corresponding  to  the  cranial  incision;  the  falx  is  divided  between 
the  anterior  lobes  of  the  brain,  and  the  entire  membrane  drawn  back. 
We  should  observe  the  existence  of  abnormal  adhesions  of  the  dura  mater 

to  the  pia  mater,  bearing  in  mind  that  a  moderate  amount  of  adhesion 
along  the  longitudinal  fissure  is  normal.  The  internal  surface  of  the 
dura  mater  is  to  be  examined  for  the  products  of  inflammation  and  for 
tumors. 

The  pla  mater  covering  the  convex  surface  of  the  brain  is  now 
exposed.  The  degree  of  congestion,  and  the  existence  of  serum,  pus,  or 
blood,  beneath,  within,  or  upon  it,  are  now  to  be  ascertained  before  the 
brain  is  removed.  The  pia  mater  in  old  persons  frequently  loses  its 
transparency  and  becomes  thick  and  white;  this  change  is  most  marked 
along  the  longitudinal  fissure  and  large  vessels.  Marked  and  general 
thickening  of  the  pia  mater  is  the  result  of  chronic  inflammation.  Along 
the  longitudinal  fissure,  and  sometimes  at  a  considerable  distance  from  it, 

we  usually  find  small,  elevated,  whitish  nodules,  which  are  the  Pacchio- 
nian bodies  and  are  normal  in  the  adult. 

The  amount  of  serum  beneath  the  pia  mater  varies.  A  considerable 
amount,  especially  in  cachectic  persons,  may  exist  mthout  brain  disease. 
Clear  serum,  raising  the  pia  mater  and  separating  the  convolutions  of  the 
brain,  may  be  simply  dropsical  or  due  to  chronic  meningitis.  Turbid 
and  purulent  serum,  beneath  and  in  the  pia  mater,  is  due  to  acute  or 

chronic  meningitis.  The  degree  of  flatness  of  the  surface  of  the  convo- 
lutions should  be  observed  before  removing  the  brain;  for,  w^hen  marked, 

it  affords  an  important  indication  of  pressure,  from  haemorrhage,  inflam- 
matory products,  internal  fluid  effusions,  and  tumors.  The  pia  mater 

should  be  carefully  examined  for  miliary  tubercles. 

The  Brain. — After  examining  the  convex  surface  of  the  brain,  the 
anterior  lobes  of  the  cerebrum  are  to  be  pulled  gently  backward,  the 
nerves,  vessels,  and  tentorium  severed,  and  the  medulla  cut  squarely 
across,  as  low  down  as  possible.     The  brain  is  now  removed  from  the 
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cranium  by  passing  the  fingers  of  one  hand  down,  beneath,  and  behind 
the  lobes  of  the  cerebellum,  and  drawing  the  brain  out,  supporting  the 
convexity  wath  the  other  hand. 

The  adult  brain  in  the  male  weighs  on  the  average  about  1,400  grams; 
that  of  the  female,  about  155  grams  less.  The  average  proportional 

weight  of  the  brain  to  that  of  the  body  is  about  one-forty-fifth,  although 
in  this,  as  in  the  absolute  weight,  there  is  considerable  variation.^ 

The  exact  situation  of  any  lesion  which  is  apparent  externally  should 
be  described  by  its  relation  to  the  lobes,  fissures,  convolutions,  and  sulci 
(Fig.  678). 

The  brain  is  first  laid  upon  its  convex  surface,  and  the  anterior,  mid- 
dle, and  posterior  cerebral  arteries,  as  well  as  the  basilar  and  the  carotids, 

Flo.  678. — Side  View  or  the  Human  Brain.  Showing  its  Fissures  and  Convolutions. 

are  to  be  examined  for  emboli,  thrombi,  atheroma,  and  aneurisms. 
Evidences  of  extravasations  of  blood,  tumors,  and  inflammatory  lesions 
are  now  to  be  looked  for.  The  brain  is  next  turned  over  on  to  its  base. 
An  incision  is  made  through  the  pia  mater,  over  the  convex  surface  of 
the  cerebrum.  The  membrane  is  stripped  up,  and  its  adherence  to  the 
brain  and  its  thickness  are  noted. 

The  more  common  method  of  opening  the  brain  is  as  follows:  The 
halves  of  the  cerebrum  are  to  be  separated  until  the  superior  surface  of 
the  corpus  callosum  is  exposed  (Fig.  679).  A  longitudinal  incision  is 
made  through  the  junction  of  the  corpus  callosum  and  the  cerebrum,  and 
downward  into  the  ventricle.  The  incision  should  be  made  carefully,  so 
as  not  to  cut  through  the  ventricle  into  the  ganglia  below.     The  incision 

'  For  a  study  of  the  weight  of  the  brain  at  various  ages  see  Handmann,  Arch.  f.  Anat.  u.  Phys., 
Anat.  .\bth.,  Jahrg.  1906,  p.  1. 
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thuH  maile  through  the  roof  of  the  ventricle  is  prolonged  backward  and 
forward  in  the  direction  of  the  cornua,  so  as  to  expose  the  entire  ventri- 

cle. A  longitudinal  incision  is  then  made  outward  and  backward  into 
the  hembphere,  from  the  outer  edge  of  the  lateral  ventricle  nearly  to 
the  pia  mater.  A  second  incision  is  then  made  through  thi^  cut  surface 
outward,  and  this  is  repeated  until  the  hemisphere  is  divided  into  a 

number  of  long,  prism-shaped  pieces,  held  together  by  the  pia  mater 

and  a  small  portion  of  the  cortex.  The  brain  is  now  turned  around  so 
as  to  bring  the  other  hemisphere  under  the  hand,  and  the  operation  is 
repeated  on  the  other  aide. 

The  size,  shape,  and  contents  of  the  ventricles  should  be  noticed,  and 
the  thickne.sH  and  appearance  of  the  ependyma. 

The  forni."i  and  the  central  portion  of  the  corpus  caliosum  are  cut 
across  by  passing  the  point  of  the  knife  through  the  foramen  of  Monro 

and  cutting  upward.  They  are  then  drawn  backward,  one  of  the  pos- 
terior cornua  of  the  fornix  being  severed  and  laid  to  one  side.     The 
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velum  interpositium  and  the  choroid  plexus  are  now  dissected  up,  the 
blood  contents  and  the  general  appearance  noted,  and  the  third  ventricle 
examined.  Not  infrequently  small  cysts  of  the  choroid  are  found,  which 
seem  to  have  little  or  no  pathological  significance. 

The  fourth  ventricle  is  now  opened  by  a  longitudinal  incision  through 
the  vermiform  process.  Each  hemisphere  of  the  cerebellum  is  divided 
first  into  two  parts,  by  an  incision  through  the  upper  and  inner  convex 
border,  and  then  each  segment  is  further  divided  by  incisions  in  the  same 
direction. 

Thin  transverse  sections  are  now  made  through  the  cerebral  ganglia, 

commencing  in  front  {Fig.  680).     The  ganglia  are  supported,  and  the  sec- 

tions caused  to  fall  apart  as  they  are  cut,  by  carrying  the  fingers  of  one 
hand  under  the  brain,  and  gently  lifting  the  ganglia  at  points  just 
beneath  where  the  sections  are  made.  It  is  important  to  observe  the 
exact  position  of  any  lesion  which  may  be  discovered  in  the  cerebral 
ganglia,  their  relations  to  the  external  and  internal  capsule  and  to  the 
caudate  and  lenticular  nuclei. 

Finally,  the  segments  of  the  cerebrum  and  cerebellum  are  folded  up 
together  into  their  original  positions,  the  whole  is  turned  over  on  to  the 
vertex,  and  thin  sections  are  made  through  the  medulla.  Small  clots  in 
the  medulla  should  not  be  overlooked. 

In  case  of  the  discovery  of  apoplectic  clots,  areas  of  softening,  etc., 
either  in  the  hemispheres  or  in  the  basal  ganglia,  after  their  location  and 
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extent  are  dcterniined,  they  should  be  carefully  searched  for  lesions  of 
the  blood-vessefe,  minute  aneurisms,  areas  of  degeneration,  and  rup- 

tures. For  this  purpose  it  may  he  necessary  to  allow  a  stream  of  water 
to  run  o«er  th«  affected  portion,  so  as  to  wash  out  the  brain  substance 

Fio.  <SI.— ScHBH*Tic  PicTL'RE  or  Bbain,  Hhowimo  thk  Mkthod  or  DiMEcnoH  raoii   Ti™  Basi 
(Meynert'i  method). 

KaDdF.TemporslIobHi  turned  liBckwanl  and  ouIwiinlMS..4C.fii),  line  ot  iOQiaion  U>  moovp  twol 

and  expose  the  vessels.     In  some  cases  the  blood-vessels  are  best  exposed 
by  macerating  the  brain  tissue  at  the  seat  of  the  lesion  for  some  hours 
in  water,  and  then  washing  out  the  brain  substance  under  the  faucet. 

While  the  above  mode  of  dissecting  the  brain  gives  a  very  complete 
view   of   the   seat   and  extent   of  lesions  in 

general,   when   a  more  exact  localization   of 
lesions  with  a  microscopic  examination  is  to 

be    made,    the    following — called    Meynert's 
method — is  a  better  method  of  opening  the 
brain: 

After  completing  the  external   examina- 
tion, as  detailed  above,  the  brain  is  laid  on 

its  vertex,  the  cerebellar  end  toward  the  oper- 
ator.    The  cerebellum  is  raised  by  the  fingers 

of  the  left  hand,  and  the  pia  cut  through  along 
the  sides  of  the  corpora  quadrigemina,  around 

Flu.  882.— thb  Bbain  Asm      the  crura  and  along  the  inner  margins  of  the 

mYntij  "aji  KKEN'moM^ABuvE"'      temporal  lobes,  to  the  middle  cerebral  artery on  both  sides  (Fig.  6S1).     Then,  raising  the 
temporal  lobes,  in  turn,  by  their  apices,  the  pia  is  cut  through  along  the 
course  of  the  middle  cerebral  artery  into  the  Sylvian  fissure,  and  alonp 
the  course  of  its  posterior  branch  to  its  end.     Now,  drawing  the  temporal 
lobes  one  after  the  other  upward  and  outward,  their  junction  with  the 
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base  is  cut,  the  knife  being  held  horizontally  so  as  not  to  injure  the 
basal  ganglia  until  the  descending  horn  is  opened.  The  point  of  the 

knife  being  in  the  descending  horn,  the  incision  through  the  brain  sub- 
stance then  passes  outward  and  backward  well  into  the  posterior  horn, 

thus  partially  severing  the  lateral  surface  of  the  brain,  the  junction  of 
the  occipital  and  temporal  lobes.  The  temporal  lobes  are  then  turned 
outward  and  backward  (Fig.  UHl). 

The  operculum  is  now  pulled  well  outward,  completely  exposing  the 
island  of  Reil,  and  a  slightly  curved  transverse  incision  is  made,  deep 
enough  to  pass  into  the  anterior  horns  of  the  ventricles,  connecting  the 
anterior  sulci  of  the  island  of  Ueil  (Fig.  681,  A,  li). 

Now  raising  the  cerebellum  and  inserting  the  point  of  the  knife  into 
the  ventricle,  with  short  incisions  from  within  outward,  cut  through  the 
internal  capsule  on  either  side  from  back  to  front  (Fig.  081,  CA  and  DB), 
care  being  taken  not  to  injure  the  basal  ganglia.  Then  cut  across  the 
crura  of  the  fornix  and  the  septum  lucidum,  leaving  the  fornix  lying  on 
the  corpus  callosum. 

The  s(iuare  basal  piece  (Fig.  GS2)  thus  freed — the  brain  axis — includes 
the  island  of  Reil,  the  basal  ganglia,  the  crura,  pons,  medulla,  and 

cerebellum.  The  remaining  portion — Ike  brain  mantle — includes  the 
convolutions,  corpus  callosum,  and  fornix  (Fig.  G83). 

The  basal  piece  may  be  further  examined  by  a  series  of  tran.sverse 
incisions,  from  one-half  to  three-ciuarters  of  an  inch  apart,  and  it  may  be 
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hardened  either  ̂ \ith  or  without  the  cerebellum.  The  convolutions  mav 
be  cut  into  small  pieces  by  longitudinal  and  transverse  incisions,  made 
from  within  and  not  reaching  quite  to  the  pia  mater,  which  ̂ ill  then  serve 

to  hold  the  pieces  together  in  their  proper  relations  to  one  another.^ 
The  Base  of  the  Cranium. — We  now  return  to  the  skull.  The  re- 

maining sinuses  of  the  dura  mater  should  be  opened,  and  this  membrane 
then  entirely  stripped  from  the  bone.  The  bones  at  the  base  of  the  skull 
are  to  be  examined  for  fractures,  inflammatory  lesions,  and  tumors.  In 
cases  of  acute  purulent  meningitis,  the  temporal  and  frontal  bones  should 
be  carefully  examined,  as  the  inflammatory  process  is  sometimes  trans- 

mitted from  the  internal  ear,  or  mastoid  cells,  or  frontal  sinuses. 
The  eyes  may  be  removed  by  breaking  the  roof  of  the  orbit  with  a 

hammer,  removing  the  fragments  of  bone,  and  dissecting  away  bone  and 
muscles,  so  as  to  expose  the  optic  nerve  and  posterior  segment  of  the 
eye.  That  portion  of  the  globe  which  is  not  covered  by  conjunctiva  can 
now  be  cut  away  with  scissors  and  removed  with  the  optic  nerve,  or, 
when  permissible,  the  whole  eye  may  be  cut  out. 

The  examination  of  the  internal  ear  may  be  made  by  removing  its 
entire  bony  encasement  with  the  saw  and  chisel,  or  by  the  exposure  of 
special  parts  by  hammer  and  chisel,  and  by  suitable  opening  of  the  re- 

moved parts  with  a  fine  saw. 

Hardening  and  Preservation  of  the  Tissues  for  Microscopical  Examination. 

For  the  study  of  tumors  and  inflammatory  lesions  of  the  bones  of  the  skull  and 
ossifications  of  the  dura  mater  and  pia  mater,  the  affected  portions  should  be  cut  into 

small  pieces,  fixed  in  5-per-cent.  formalin  or  in  Orth's  fluid  (see  p.  1029),  and  decalci- 
fied. The  dura  mater  should  be  stretched  on  a  flat  piece  of  wood  or  cork  with  pins,  be- 

fore hardening.' 
The  pia  mater  is  so  delicate  that  if  it  be  separated  from  the  brain  when  quite  fresh 

its  tissues  are  apt  to  be  injured.  The  portions  of  the  pia  mater  which  are  to  be  pre- 
served should  therefore  be  removed  by  cutting  off  slices  of  the  brain  substance  about 

half  an  inch  thick,  with  the  membrane  still  attached,  and  placing  the  whole  in  Orth's 
fluid.  After  twenty-four  hours,  the  pia  mater  will  have  become  sufficiently  hard  to 
permit  of  it«  being  stripped  off  without  injury,  and  it  is  then  spread  loosely  on  a  flat 
cork  with  pins,  the  free  surface  outward,  and  the  cork  floated,  specimen  side  down,  in 
80-per-cent.  alcohol,  changing  to  strong  alcohol  aft^r  twenty-four  hours. 

When  sections  are  required  showing  the  pia  in  its  relationship  to  the  underlying 
brain  tissue,  small  blocks  of  the  brain  and  pia  together  should  be  cut  out  and  hardened 

in  Orth's  fluid  or  in  formalin  (10  :  100)  solution  (see  p.  1029). 
When  the  ependyma  is  to  be  studied  apart  from  the  associated  nerve  tissue,  it  may 

be  sliced  off  with  a  sufficient  quantity  of  underlying  brain  substance  to  prevent  it^ 

folding,  and  hardened  in  Orth's  fluid.  The  brainy  for  general  purposes,  may  be  hard- 
ened in  Orth's  fluid,  or  in  5-per-cent.  formalin.  The  pieces  of  brain  tissue  should  not 

be  more  than  1  centimetre  thick ;  it  is  better  if  they  are  thinner  than  this.  They  should 
be  suspended  in  gauze  or  rest  upon  a  layer  of  absorbent  cotton  on  the  bottom  of  the 
jar,  the  pieces,  if  these  are  numerous,  being  held  apart  by  a  little  cotton.  Thus  the 
preservative  fluid,  which  should  be  abundant,  is  in  contact  with  the  surfaces  of  the 
pieces  of  tissue.  Ordinarily,  with  a  change  of  fluid  on  the  second  day,  the  fixation  by 

formalin  or  Orth's  fluid  is  complete  in  a  week,  when  the  fixatives  are  thoroughly 

1  For  further  details  of  this  method  of  opening  the  brain,  and  a  consideration  of  its  advantAges,  see 
Van  Gieaon,  "Laboratory  Notes,"  etc.,  New  York  Medical  Journal,  July  20th,  1889. 

'  For  details  of  the  methods  of  hardening,  decalcifying,  staining,  etc.,  see  p.  1029. 
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washed  out  and  replaced  by  oO-per-cent.  alcohol,  which,  in  turn,  is  replaced  after 
forty-eight  hours  by  80-per-cent.  or  by  95-per-cent.  alcohol. 

When  degeneratioi\  in  nerves  is  to  be  studied,  the  specimens  of  nerve  tissue  may, 

by  Marchi's  method,  be  hardened  for  a  week  in  Miiller's  fluid,  and  then  transferred  to 
the  following  solution : 

Miiller's  fluid     2  parts. 
Osmic  acid,  1  per  cent      1  part. 

Aft«r  a  week  the  specimens  are  washed  and  transferred  to  95-per-cent.  alcohol. 
In  such  specimens  the  fat  droplets  in  the  degenerate  areas  are  black,  while  the  myelin 
is  yellowish  in  color. 

Certain  lesions,  particularly  the  softenings  of  the  brain,  are  best  studied  by  teasing, 
when  fresh,  in  0.5  per-cent.  solution  of  sodium  chlorid,  or  in  frozen  sections  of  the 
fresh  tissue.  The  blood-vessels  may  be  stretched  on  cork  with  pins  and  hardened 

with  Orth's  fluid  or  formalin.  The  eye  and  portion  of  the  optic  nerve,  if  removed, 
should  be  fixed  by  Orth's  fluid  and  the  hardening  completed  by  alcohol. 

For  many  methods  of  fixation  and  study  which  are  useful  for  special  purposes,  we 
refer  to  special  works  on  technique. 

THE  SPINAL  CORD. 

The  examination  of  the  spinal  cord  is  usually  most  conveniently  made 
after  the  removal  of  the  brain. 

The  body  should  be  placed  face  downward,  with  a  block  under  the 
thorax  and  the  head  hanging  over  the  edge  of  the  table.  An  incision  is 
made  through  the  skin  and  muscles  along  the  entire  length  of  the  spine, 
and  the  soft  parts  are  dissected  away  on  each  side  so  as  to  expose  the 
laminje  of  the  vertebral  column.  The  laminae  are  then  divided,  close 
within  the  articular  processes,  with  the  saw. 

The  saw  should  be  so  directed  in  severing  the  laminae  that  the  inci- 
sion shall  touch  the  outer  border  of  the  spinal  canal,  as  otherwise  the 

laminae  and  spinous  processes  are  not  easily  separated.  Great  care 
should  be  taken  on  the  one  hand  not  to  injure  the  cord  with  the  saw, 
and  on  the  other  completely  to  loosen  the  portions  of  bone  to  be  removed. 
These,  which  are  the  spinous  processes  and  laminae,  are  now  torn  away 
together,  with  a  stout  hook,  exposing  the  cord. 

By  means  of  a  long,  curved  chisel,  made  for  this  purpose,  the  bodies 
of  the  vertebra?  may  be  removed  from  the  front  after  the  thoracic  and 

abdominal  viscera  are  taken  out,  and  the  cord  thus  exposed  and  re- 
moved. But  in  this  anterior  method  of  removing  the  cord,  as  w^ell  as  by 

the  use  of  chisel  and  mallet,  bone-shears,  etc.,  in  the  ordinary  method, 
there  is  great  liability  of  injuring  the  delicate  tissues  of  the  cord  and 

producing,  as  Van  Gieson  has  shown, ^  mechanical  alterations  which  are 
likely  to  be  mistaken  for  malformations  or  the  results  of  disease. 

When  the  body  has  lain  on  the  back,  the  membranes  of  the  cord  may 

be  found  considerably  congested,  without  indicating  the  pre-existence  of 
disease.  If  the  body  has  lain  for  some  time,  especially  in  warm  weather, 
serous  fluid  may  have  accumulated  within  the  membranes,  as  a  result  of 
post-mortem  change. 

'  Van  Gieson,  "A  Study  of  the  Artefacts  of  the  Nervous  System,"  New  York  Medical  Journal,  vol. 
Ivi..  pp.  .3.37.  .365,  421,  1892. 
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The  roots  of  the  nerves  are  now  to  be  cut  across,  as  far  away  as  pos- 
sible from  the  cord,  and  the  cord  removed  in  its  membranes,  care  being 

taken  not  to  press  it  in  any  way.  It  is  the  safest  plan  not  to  grasp  the 
cord  itself,  but  with  a  forceps  to  seize  the  dura  mater  and  thus  lift  it  up 
at  once  as  it  is  freed  from  its  attachments.     It  is  now  laid  on  the  table, 

Fio.  684. — Outlines  of  Sections  of  the  Spinal  Cord  at  Different  Leveu). 

Copies  of  these  outlines  may  be  used  for  memoranda  of  the  situation  of  lesions  of  the  spinal  cord. 
/,  Second  cervical;  //,  fifth  cervical;  ///,  eighth  cervical;  IV,  firat  dorsal;   V,  eighth  doraal;   VI,  third 
umbar;  VII,  fourth  sacral. 

and  the  dura  mater  laid  open  with  scissors  on  the  anterior  and  posterior 
surfaces  over  its  entire  length,  and  searched  for  tumors,  inflammatory 
lesions,  etc.  The  finger  should  be  passed  gently  along  the  cord  as  it  lies 
on  the  table,  so  as  to  detect  any  marked  softening  or  sclerosis.  The 
weight  of  the  spinal  cord  is  from  30  to  38  grams.  It  should  now  be  held 
lightly  over  the  fingers,  and  smooth  transverse  incisions  made,  with  a 
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very  sharp  knife  or  razor,  about  half  an  inch  apart  through  its  entire  sub- 
stance between  the  segments,  leaving  these  attached  to  the  pia  mater. 

The  segments  of  the  spinal  cord  are  those  parts  from  which  the  spi- 
nal nerves  arise,  and  it  is  convenient  for  the  location  and  description  of 

lesions  to  number  the  segments  in  correspondence  with  the  nerves  which 
arise  from  them,  and  to  indicate  on  outline  diagrams  of  the  cord  (Fig.  684) 
the  exact  seat  of  small  lesions. 

The  cut  surfaces  should  be  carefully  examined  for  abnormal  blood 
contents,  haemorrhages,  inflammatory  lesions,  softening,  scleroses,  and 
pigmentations.  Important  lesions  of  the  cord  may  be  invisible  to  the 

naked  eye,  and  hence,  if  disease  be  suspected,  the  organs  should  be  pre- 
served for  microscopical  examination.  The  spinal  ganglia  may  now  be 

removed  and  preserved  for  further  examination.  After  removal  of  the 
cord,  fractures  and  displacements  of  the  vertebrae  are  easily  recognized. 

Preservation  of  the  Spinal  Cord  and  Its  Membranes,  and  of  Peripheral 

Nerves. — After  the  removal  of  the  spinal  dura,  the  entire  cord  with  its  nerve  roots — 
the  segments  into  which  it  has  been  cut  for  gross  examination  being  left  in  place — 

should  be  laid  on  a  wad  of  absorbent  cotton  in  a  large  jar  of  Orth's  fluid  or  formalin, 
the  segments  being  slightly  separated  from  each  other  by  a  little  absorbent  cotton. 
Van  Gieson  recommends  the  careful  rolling  of  the  segmented  cord  into  a  loose  spiral 
and  laying  this  coil  on  a  wad  of  absorbent  cotton  in  the  fixative.  In  this  way  the  cut 
ends  of  the  segments  are  held  apart,  accessible  to  the  fluid,  and  harden  with  little 
distortion. 

The  hardening  and  preservation  of  the  cord  may.be  done  by  the  same  methods  as 
suggested  above  for  the  brain.  If  the  dura  mater  of  the  cord  alone  is  to  be  preserved, 
it  should  be  treated  in  the  manner  suggested  for  the  dura  mater  cerebralis.  The  pia 
mater  spinalis  is  best  studied  in  sections  through  the  entire  cord,  the  membranes  being 
left  in  situ. 

Peripheral  nerves  may  be  hardened  in  Orth's  fluid  or  in  formalin. 
For  the  hardening  of  the  peripheral  nerves,  osmic  acid  is  very  useful,  especially 

when  changes  in  the  myelin  are  to  be  sought  after.  As  osmic  acid  does  not  readily 
penetrate  the  lamellar  sheath  so  as  to  come  in  contact  with  the  nerve  fibres,  in  trunks 
of  any  considerable  size,  the  following  procedure,  as  suggested  by  Van  Gieson,  will  be 
found  useful:  A  piece  about  one-half  inch  long  is  cut  from  the  nerve  to  be  examined ;  one 
end  of  this  segment  is  held  with  a  forceps,  while  with  another  forceps  the  individual 
nerve  fibres,  or  small  clusters  of  these,  are  pulled  out  of  the  lamellar  sheath  and  put  at 
once  in  a  1-per-cent.  aqueous  solution  of  osmic  acid,  in  which  they  remain  twenty- 
four  hours,  and  are  then  washed  and  transferred  to  glycerin,  to  which  25-per-cent. 

alcohol  is  added.  In  this  mixture  they  may  be  preserved.  Marchi's  method  is  useful 
for  the  study  of  degeneration  in  peripheral  nerves. 

THE   THORAX  AND  ABDOMEN. 

The  body  is  replaced  on  its  back,  and  a  single  straight  incision  is 
made  from  the  top  of  the  sternum  to  the  pubes,  passing  to  the  left  of  the 
umbilicus.  For  this  purpose  a  large  knife  should  be  used,  held  firmly 
in  the  whole  hand,  and  the  movement  should  be  mainly  from  the  shoul- 

der. The  first  incision  should  divide  everything  down  to  the  sternum 
and  peritoneum.  A  short  incision  should  then  be  made  through  the 
peritoneum,  just  below  the  ensiform  cartilage.  Into  this  opening  two 
fingers  of  the  left  hand  are  introduced  and  separated  from  one  another, 
and,  the  parietes  being  raised  and  the  sides  of  the  opening  being  held 
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apart  by  the  fingers,  the  peritoneum  is  divided  to  the  pubes,  care  being 
taken  to  hold  the  knife  horizontally  so  as  not  to  cut  the  intestines.  The 
skin  and  muscles  are  then  dissected  off  from  the  thorax  on  both  sides  as 
far  back  as  the  false  ribs. 

This  dissection  should  be  made  by  long  sweeps  of  the  knife,  which 
should  be  made  to  cut  with  the  full  blade  and  not  with  the  point  only; 
and  if  the  skin  and  muscles  be  pulled  strongly  away  from  the  chest  with 
the  left  hand,  it  may  be  done  very  rapidly  and  with  a  few  strokes  of  the 
knife.  We  notice  here  the  amount  of  subcutaneous  fat  and  the  condi- 

tion of  the  muscles.  In  order  better  to  expose  the  abdominal  cavity,  the 
rectus  should  be  divided  transversely  beneath  the  skin  just  above  the 
pubes,  and  the  abdominal  flaps  may  then  be  turned  freely  outward. 

General  Inspection  of  the  Abdominal  Cavity. — We  first  notice  the  posi- 
tion and  general  condition  of  the  viscera.  It  is  best  at  this  stage  of  the 

examination  to  note  the  condition  of  the  vermiform  appendix,  and  to 
look  over  the  peritoneal  cavity  for  serum,  inflammatory  lesions,  evi- 

dences of  perforation,  and  for  the  existence  of  invagination,  incarcera- 
tion, aod  hernia  of  the  intestines.  A  small  quantity  of  reddish  serum 

is  frequently  found  in  the  abdominal  cavity,  particularly  in  warm 
weather,  as  the  result  of  commencing  decomposition. 

It  should  be  remarked  here  that  various  striking  changes  in  the 

character  and  appearance  of  the  internal  organs  are  produced  by  putre- 
faction— changes  which  are  often  mistakenly  regarded  as  evidences  of 

disease,  and  much  experience  is  required,  in  judging  correctly  of  their 
significance.  These  changes  are,  in  general,  softening  and  discoloration, 
both  of  which  may  occur  as  the  result  of  disease.  It  may  be  said  in 

general  that  the  post-mortem  reddening,  or  hypostases,  are  most  marked 
in  the  more  dependent  parts  of  the  organs.  Post-mortem  softening  usu- 

ally affects  entire  organs,  not  being  limited  to  a  part,  as  is  often  the  case 

in  disease.  Gray  or  grayish-brown  post-mortem  discolorations  are  apt 
to  appear  in  those  organs  or  parts  of  organs  which  lie  in  contact  with  the 
intestinal  canal.  Parts  of  internal  organs,  such  as  the  liver,  which  have 
been  the  seat  of  localized  congestion  during  life,  may  after  death  assume 
a  dark  greenish  color. 

The  omentum  is  usually  spread  over  the  surface  of  the  small  intes- 
tines, but  it  may  be  rolled  up  and  displaced  in  a  variety  of  ways,  or  may 

be  adherent  at  some  point  to  the  small  intestines  or  to  the  abdominal 
wall. 

The  surface  of  the  small  intestines  should  be  smooth  and  shining. 
They  may  be  greatly  distended  with  gas,  and  thus  so  completely  cover 
the  other  abdominal  viscera  that  it  becomes  necessary  to  let  out  some  of 
the  gas  by  a  small  puncture.  The  transverse  colon  passes  across  the 
abdomen  through  the  upper  part  of  the  umbilical  region.  It  may  be 
lower  than  the  umbilicus,  or  higher  up  against  the  liver  and  diaphragm; 
it  may  be  distended  with  gas  or  contracted. 

The  liver  is  situated  in  the  right  hypochondriac  and  epigastric  re- 
gions, filling  the  concavity  of  the  diaphragm.  Its  upper  border  reaches, 

in  the  linea  mammillaris,  to  the  fifth  intercostal  space;  in  the  linea  axil- 
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laris,  to  the  seventh  intercostal  space;  close  to  the  vertebral  column,  to 
the  tenth  intercostal  space.  At  the  median  line  the  upper  border  of  the 
liver  corresponds  to  the  lower  border  of  the  heart.  The  left  lobe  extends 
about  three  inches  to  the  left  of  the  median  line.  The  lower  border  of 

the  right  lobe  usually  reaches  to  the  free  border  of  the  ribs,  while  the 
left  lobe  is  visible  for  about  an  inch  below  the  ensiform  cartilage.  In 
women  the  liver  is  usually  lower  than  in  men. 

The  position  of  the  liver  is  affected  by  changes  in  the  thoracic  cav- 
ity, forcing  it  downward;  by  changes  in  the  abdominal  cavity,  forcing 

it  upw^ard;  by  constriction  of  the  waist  in  tight  lacing,  forcing  it  either 
upward  or  downward;  by  changes  in  the  size  of  the  organ  itself.  The 
liver  may  not  only  be  displaced  downward,  but  dislocated  so  that  its 
convex  surface  faces  the  abdominal  wall  and  its  posterior  edge  is  turned 
upward  against  the  diaphragm. 

The  stomach  is  situated  in  the  left  hypochondriac  and  epigastric  re- 
gions, extending  also  into  the  right  hypochondrium;  it  lies  in  part 

against  the  anterior  wall  of  the  abdomen,  in  part  beneath  the  liver  and 
diaphragm,  and  above  the  transverse  colon.  Its  anterior  surface,  which 
is  directed  upward  and  forward,  is  in  contact  above  with  the  diaphragm 
and  the  under  surface  of  the  liver,  and  lower  down  with  the  abdominal 
wall  opposite  to  the  epigastric  region.  Its  posterior  surface  is  turned 
downward  and  backward,  and  rests  on  the  transverse  mesocolon,  the 
pancreas,  and  the  great  vessels.  To  its  lesser  curvature  or  upper  border 

are  attached  the  gastro-phrenic  ligament  and  the  gastro-hepatic  omen- 
tum. To  the  greater  curvature  or  lower  border  is  attached  the  gastro- 

colic omentum.  Its  cardiac  orifice  communicates  with  the  oesophagus, 
its  pyloric  end  with  the  duodenum. 

When  the  stomach  is  distended  the  greater  curvature  is  elevated  and 
carried  forward,  the  anterior  surface  is  turned  upward  and  the  posterior 
surface  downward.  When  distended  with  food  or  gas  the  organ  is  prom- 

inent; when  empty  it  may  hardly  be  visible  below  the  ribs;  when  the 
intestines  are  dilated  it  may  be  entirely  covered  by  them. 

Before  opening  the  thorax  the  hand  should  be  passed  up  against  the 
under  surface  of  the  diaphragm  on  either  side,  to  determine  its  height. 
According  to  Quain,  the  vault  of  the  diaphragm  rises,  in  the  dead  body, 
on  the  right  side  to  the  level  of  the  junction  of  the  fifth  rib  and  sternum, 
on  the  left  side  as  high  as  the  sixth  rib.  Both  the  relative  and  the 
absolute  height  of  the  diaphragm  vary  under  a  variety  of  pathological 
conditions. 

If  the  existence  of  air  or  gas  in  the  pleural  cavities  be  suspected,  the 
abdominal  cavity  should  be  filled  with  water  and  the  diaphragm  punc- 

tured below  the  level  of  the  fluid.  If  air  be  present,  it  will  escape  in 
bubbles  through  the  water. 

The  Thorax. 

We  now  leave  the  abdominal  viscera  and  proceed  to  the  examination 
of  the  thorax.     With  a  costotome  or  a  strong  knife  the  costal  cartilages 
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are  divided  close  to  the  ribs,  the  clavicles  are  disarticulated  from  the 
sternum,  and  the  latter  is  removed,  care  being  taken  not  to  wound  the 
large  veins.     We  first  examine  the  position  of  the  heart  and  lungs. 

The  Heart. — The  upper  border  of  the  heart  is  on  a  level  with  the 
third  costal  cartilage;  the  lower  border  extends  from  1.3  centimetres  be- 

low the  lower  end  of  the  sternum  to  the  fifth  left  intercostal  space.  The 
left  boundary  of  the  heart  is  situated  to  the  left  of  the  junction  of  the 
fifth  rib  with  its  costal  cartilage,  and  behind  or  to  the  left  of  a  vertical 
line  drawn  downward  from  the  left  nipple.  The  right  boundary  extends 

2.5  centimetres  to  the  right  of  the  right  edge  of  the  sternum.  The  por- 
tion of  the  heart  uncovered  by  the  lungs  is  of  an  irregular  quadrangular 

shape.  Its  lateral  diameter  is  from  8.3  centimetres  to  11.1  centimetres; 
its  upper  boundary  varies  from  the  level  of  the  second  costal  cartilage 
to  that  of  the  fifth,  but  it  is  usually  behind  the  third  or  fourth  cartilage 
or  fourth  space. 

The  area  of  the  heart  which  is  found  uncovered  will,  however,  vary 
much,  according  to  the  degree  to  which  the  lungs  collapse  after  opening 

the  chest.  Any  disease  which  diminishes  the  size  of  the  lungs,  or  pleu- 
ritic adhesions  which  retract  or  bind  them  down,  may  increase  the  area 

of  exposed  heart.  On  the  other  hand,  emphysema,  pneumonia,  or  any 
disease  which  increases  the  size  of,  or  retains  the  air  in,  the  lungs,  may 
diminish  the  area  of  exposed  heart.  The  exposed  area  varies  also  with 
the  size  of  the  heart  itself. 

The  pericardium  is  now  opened  by  a  slightly  oblique  incision  on  its 
anterior  surface.  The  existence  of  serous,  fibrinous,  or  purulent  exu- 

date, and  of  adhesions,  is  to  be  noted.  A  small  quantity  of  clear  serum 

exists  normally  in  the  pericardial  sac,  and  this  serum  may  be  blood- 
stained from  beginning  decomposition.  White  thickenings  of  the  peri- 

cardium on  the  surfaces  of  the  heart  are  often  seen;  they  do  not  indicate 
important  disease. 

Now  that  the  pericardial  sac  is  open,  the  position  of  the  heart  can  be 
clearly  seen.  It  lies  obliquely  in  the  chest,  its  long  axis  at  an  angle  of 
about  sixty  degrees  with  that  of  the  thorax.  The  portion  of  the  heart 
which  is  first  seen  is  the  anterior  surface  of  the  right  ventricle;  upward 

and  to  the  right  of  this  is  the  right  auricle,  which  lies  about  two-thirds 
on  the  right  of  the  sternum  and  about  one-third  behind  it.  Its  upper 
border  usually  corresponds  to  the  plane  of  the  middle  of  the  anterior 
end  of  the  second  intercostal  space  on  the  right  side.  Its  size  varies 
with  the  amount  of  blood  which  it  contains.  The  left  auricle  lies  behind 

the  root  of  the  pulmonary  artery,  so  that  only  its  appendix  is  visible. 
The  middle  of  the  auricle  corresponds  to  the  third  costal  cartilage.  Of 
the  left  ventricle  only  a  narrow  rim  is  seen,  on  the  left  side  of  the  right 
ventricle.  The  pulmonary  valve  is  usually  entirely  or  in  part  on  the 
left  side  of  the  sternum,  behind  the  second  space  or  third  costal 
cartilage. 

The  aortic  valve  is  usually  at  the  level  of  the  third  cartilage  or  the 

third  space,  and  behind  the  left  two-thirds  or  half  of  the  sternum.  The 
mitral  valve  is  oblique,  the  upper  end  of  the  left.     It  is  on  the  level  of 
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the  third  to  the  fourth  cartilage,  near  the  middle  of  the  sternum.  The 
tricuspid  is  oblique,  its  upper  end  to  the  left;  the  upper  end  is  at  the 
level  of  the  third  cartilage,  the  third  space,  or  the  fourth  cartilage. 
The  valve  is  opposite  the  middle  of  the  sternum. 

The  hand  should  now  be  passed  over  the  arch  of  the  aorta,  to  ascer- 
tain whether  or  not  an  aneurism  is  present.  The  heart  is  then  grasped 

at  the  apex,  raised  out  of  the  pericardium,  tilted  upward,  and  removed 
unopened  by  cutting  through  the  great  vessels  at  its  base.  It  is  advisable 
in  many  cases  to  remove  with  the  heart  the  arch  of  the  aorta  and  as  much 
as  is  practicable  of  the  associated  great  vessels.  In  some  instances, 
for  example  when  thrombosis  of  the  pulmonkry  artery  is  suspected,  it  is 

well  to  remove  the  heart  and  lungs  together.^ 
One  may  gain  some  knowledge  of  the  sufficiency  of  the  aortic  and  pul- 

monary valves  if  the  heart  is  held  horizontally  by  both  auricles,  so  as 
not  to  pull  the  valves  open,  and  water  is  poured  into  the  aortic  and  pul- 

monary arteries.  One  observes  how  well  the  valves  support  the  column 
of  liquid.  To  ascertain  the  sufficiency  of  the  mitral  and  tricuspid  valves, 
the  auricles  are  first  laid  open  so  as  to  expose  the  upper  surfaces  of  the 
valves.  A  large  pipe  is  passed  through  the  aorta  or  pulmonary  artery 
beyond  their  valves,  and  a  small  stream  of  water  allowed  to  flow  into  the 

ventricles.  The  auriculo-ventricular  valves  will  be  swollen  upward,  and 
one  may  observe  their  degree  of  sufficiency.  The  tricuspid  valve  is 
normally  somewhat  insufficient.  These  water  tests,  however  carefully 
applied,  are  not  very  reliable,  since  under  the  most  favorable  conditions 
the  natural  bearings  of  the  valves  are  not  perfectly  preserved. 

To  ascertain  the  size  of  the  different  valvular  openings,  we  introduce 
the  fingers,  held  flat  with  their  sides  in  contact,  into  each  of  the  orifices, 
and  then  measure  the  width  of  the  fingers  at  the  point  where  they  fill  the 

orifice.  In  this  way  w^e  find  that,  under  normal  conditions  in  the  adult, 
the  aortic  measures  about  2.5  centimetres,  the  mitral  valve  about 4.5 
centimetres,  the  pulmonary  about  3 . 1  centimetres,  the  tricuspid  about 
5  centimetres. 

In  order  to  examine  the  interior  of  the  hearty  one  first  makes  an  incision 
through  the  anterior  wall  of  the  left  ventricle  close  by  and  parallel  to 
the  septum,  and  reaching  to  the  apex  of  the  ventricle  (Fig.  685) .  Through 
this  opening  the  blade  of  the  enterotome  is  passed  up  into  the  aorta,  the 
pulmonary  artery  being  drawn  aside  with  the  fingers,  and  the  ventricle 
and  aorta  are  laid  open  (Fig.  685) .  With  a  little  care  the  incision  may  be 
made  to  pass  through  one  of  the  points  of  junction  of  the  aortic  valves. 

The  auricles  and  ventricles  may  be  empty,  or  may  contain  fluid  blood 
or  the  so-called  heart  clots.  These  heart  clots  are  of  two  kinds — those 
which  are  formed  some  time  before  death,  and  those  which  are  formed 
during  the  last  hours  of  life  and  after  death.  The  clots  which  are  formed 
some  time  before  death  are  usually  associated  with  organic  disease  of  the 
heart,  especially  with  dilatation  of  the  ventricles.     They  are  firm,  dry, 

^  The  opening  of  the  heart  in  situ  is  recommended  by  many,  but  we  are  of  the  opinion  that  if  care 
be  exercised  in  the  removal  of  the  oi^an  from  the  body  and  a  sufficient  portion  of  the  great  vessels 
at  the  base  be  included  there  is  little  risk  of  premature  disturbance  of  thrombi,  etc.,  on  the  valves,  while 
the  examination  of  the  interior  may  be  much  more  thoroughly,  conveniently,  and  safely  done. 
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and  of  whitish  color;  they  may  be  infiltrated  with  the  salts  of  lime. 
They  are  free  in  the  cavities  of  the  heart,  or  entangled  in  the  trabecube, 
or  firmly  adherent  to  the  endocardium.  They  are  usually  composed  of 
coagulated  fibrin,  blood  platelets,  leucocytes,  and  red  blood  cells,  and  are 
often  lamellated.     The  clots  which  are  formed  during  the  last  hours  of 

life  and  after  death  are  red,  yellow,  or  white.  They  may  be  soft  or  suc- 
culent or  quite  firm.  They  may  be  free  in  the  heart  cavities,  or  be 

adherent  to  the  trabeculo',  or  extend  into  the  large  vessels.  They  are 
usually  most  constant  and  of  largest  size  in  the  right  auricle  and  ven- 

tricle. Such  clots  may  be  formed  within  two  hours  after  death.  Clots 
of  this  character  are  common.     If.  then,  the  blood  coagulates  in  the  heart 
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within  twenty-four  hours  before  death,  this  eoagulum  may  not  be  dis- 
tinguishable from  the  ordinary  post-mortem  clots.  If  it  is  supposed, 

therefore,  that  a  person  dies  from  heart  clot  developed  a  few  hours  before 

death,  the  proof  of  this  must  be  derived  largely  from  the  clinical  symp- 
toms, and  not  from  the  autopsy. 

The  condition  of  the  aortic  valves  and  of  the  endocardium,  and  the 
thickness  and  appearance  of  the  walls  of  the  left  ventricle,  papillary 
muscles,  chordae  tendineae,  etc.,  are  now  noticed. 

The  right  ventricle  is  now  opened  by  an  incision  through  its  anterior 
wall,  close  to  the  septum  (Fig.  C8.5),  and  examined  in  the  same  way. 
The  endocardium  of  the  upper  part  of  the  left  ventricle  is  sometimes 
thick  and  white,  without  the  existence  of  valvular  lesions  or  clinical 
history  of  disease.  The  endocardium  and  valves  are  often  stained  red, 
particularly  in  warm  weather,  by  imbibition  of  coloring  matter  of  the 
blood,  set  free  by  decomposition.  This  discoloration  is  especially 
marked  in  cases  of  infection  with  Bacillus  aerogenes  capsulatus. 

To  complete  the  examination  of  the  cavities  the  enterotome  is  passed 
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into  each  auricle,  carried  down  into  the  corresponding  ventricle,  and  an 
incision  made  along  the  outer  border  of  both  auricle  and  ventricle  to  the 

apex  of  the  latter.  In  this  way  the  auric ulo- ventricular  valves  are  com- 

pletely exposed  (Fig.  C8").  The  coronary  arteries  should  be  opened 
through  all  their  main  trunks,  with  fine  probe-pointed  scissors,  and  care- 

fully examined  for  marks  of  inflammation,  emboli,  thrombi,  etc. 

In  cases  of  Stokes-Adams'  disease  look  for  lesions  involving  the  auric- 
ulo-ventrieular  bundle  of  His.' 

Flu.  eS7.— Heabt  Opkned.  ExPcwiNa  the  Mitbal  Valve. 

After  removing  the  blood,  the  heart  should  be  finally  weighed.  The 
normal  average  weight  of  the  heart  in  adults  is,  according  to  an  estimate 

of  H.  D.  Arnold,'  in  males  about  290  grams;  in  females  about  260  grams. 
The  weight  of  the  heart  relative  to  that  of  the  body  is  in  males  about 

1  :  168  to  178;  in  females,  about  1  :  149  to  176.  According  to  Buhl,  the 
average  thickness  of  the  wall  of  the  left  ventricle  at  about  the  middle  of 
the  cavity  is  from  1 .  G  centimetres  to  1 . 7  centimetres;  of  the  right  ven- 

tricle, from  0.4  to  O.C  centimetre. 
The  size  of  the  heart,  speaking  generally,  corresponds  to  the  size  and 

1  Sw  Ertangrr.  Jour.  Eip.  .Med.,  vol.  viii,.  p.  H,  1908. 
'  AmoM,  "OhsrrvBtiuii.i  oa  Hie.  Weight  of  the  Normat  Hfart  in  AriullK.  in  Two  Hundred  vad 
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the  development  of  the  individual.  In  judging  of  an  increase  or  de- 
crease in  its  size  we  must  consider  the  weight  of  the  organ  and  the  thick- 

ness of  its  walls.  If  the  person  die  while  the  heart  is  contracted,  the 
walls  of  the  ventricles  will  appear  thicker,  their  cavities  smaller  than 

usual.  ̂   If  he  die  of  some  exhausting  disease  like  typhoid  fever,  or  if 
decomposition  have  commenced,  the  heart  walls  will  usually  be  flabby 
and  the  cavities  will  appear  larger  than  usual. 

Preservation  of  Specimens. — Parenchymatous  and  fatty  degeneration  of  the 
heart  may  be  studied  microscopically  by  teasing  the  fresh  muscle  in  0.85-per-cent. 
salt  solution,  or  by  examining  in  the  same  solution  fresh  sections  made  with  the 
freezing  microtome,  or  by  hardening  small  pieces  of  the  muscle  in  1-per-cent  osmic 
acid  and  teasing  in  equal  parts  of  glycerin  and  water. 

The  heart  valves  may  be  stretched  on  a  flat  cork  with  pins  and  hardened  in  Orth's 
or  Zenker's  fluid  or  alcohol.  For  the  methods  of  detecting  bacteria  in  ulcerative  endo- 

carditis see  section  on  Staining  Bacteria.  When  the  presence  of  bacteria  is  suspected 
cultures  should  be  made  and  the  tissues  should  be  preserved  in  strong  alcohol. 

The  pleural  cavities  are  next  examined.  The  hand  is  passed  into 
each,  and  the  existence  of  serous  or  fibrinous  exudation  or  of  old  adhe- 

sions ascertained.  The  method  of  detecting  the  presence  of  air  has  been 
given  above.  After  the  commencement  of  putrefaction  reddish  serum 
may  accumulate  in  the  pleural  cavities.  This  should  not  be  mistaken 
for  the  result  of  disease. 

The  Lungs. — Each  lung  is  lifted  up  in  turn,  the  vessels,  etc.,  at  its  base 
are  divided,  and  the  organ  is  removed.  If  the  pleura  is  very  adherent  it 
is  better  to  strip  off  the  costal  pleura  with  the  lung.  After  inspecting 
the  external  surface  of  the  lung,  observing  its  size,  shape,  color,  and  con- 

sistence, and  the  condition  of  the  bronchial  lymph-nodes,  the  bronchi 
are  opened  with  scissors  having  long,  narrow,  blunt-pointed  blades,  one 
blade  a  little  longer  than  the  other.  The  lung  is  held  in  the  left  hand 
with  its  base  upward,  the  large  bronchi  which  run  on  the  inner  side  of 
the  lower  lobe  being  first  opened,  afterward  those  of  the  upper  lobe. 
Each  bronchus  should  be  followed  to  its  smaller  ramifications. 

We  should  observe  the  contents  of  the  bronchi  and  the  appearance  of 
their  walls.  In  the  larger  and  medium-size  bronchi  the  cartilages  in 
their  walls  do  not  form  complete  rings,  but  appear  shining  through  the 
mucous  membrane  like  irregular  white  patches.  This  appearance  should 
not  be  mistaken  for  a  pathological  change.  In  bodies  which  have  been 
dead  for  some  time,  especially  in  cold  weather,  the  bronchial  mucous 
membrane  may  be  red  and  swollen  as  a  post-mortem  change.  The 
contents  of  the  stomach  are  sometimes  forced,  after  death,  into  the 
pharynx,  and  thence  find  their  way  into  the  trachea  and  bronchi,  giving 
them  a  peculiar  reddish  and  even  gangrenous  appearance.  Bronchitis 
does  not  always  leave  lesions  which  can  be  seen  after  death.  The  large 
vessels  should  now  be  examined  for  thrombi,  emboli,  or  other  lesions. 

After  the  examination  of  the  bronchi  the  lung  is  turned  over,  the 
vessels,  etc.,  at  its  root,  are  grasped  with  the  left  hand,  and  a  long,  deep  in- 

'  For  methcxl  of  determining  hypertrophy  of  the  heart  see  ref.  to  Muller,  p.  ,554. 

64 
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cision  is  made  from  apex  to  base.  We  observe  the  appearance  and  tex- 
ture of  the  lungs,  whether  the  air  vesicles  are  dilated  (emphysematous)  or 

filled  with  serum,  blood,  or  inflammatory  exudation.  Fluid  can  be 
pressed  out  of  the  air  vesicles  without  breaking  down  the  lung  tissue. 
Solid  inflammatory  exudation,  on  the  other  hand,  renders  the  lung  more 
resistant  and  easily  broken  down.  Attention  should  be  paid  to  the  ooz- 

ing of  purulent  or  other  fluid  from  the  smaller  bronchi  when  the  lung 
is  squeezed  near  the  cut  surface.  It  is  the  rule  to  find  the  lower  lobes 
more  congested  than  the  upper. 

Preservation  of  the  Lungs  and  Bronchi. — If  the  lungs  have  been  cut,  small 

pieces  from  the  affected  portions  of  lung  tissue  or  bronchi  should  be  hardened  in  Orth's 
fluid,  care  being  taken  not  to  squeeze  or  handle  them  unnecessarily.  It  is  better, 
when  the  microscopical  examination  is  more  important  than  the  macroscopical,  not  to 
open  the  lungs  at  once,  but  to  fill  the  air  spaces  with  preservative  fluid  by  means  of  a 
funnel  attached  to  a  short  rubber  tube  and  cannula,  which  is  tied  into  the  main  bron- 

chus. In  this  way  not  only  are  the  minute  structures  better  preserved,  but  the  air 
vesicles  are  filled  out  and  hardened  in  an  approximately  natural  condition.  Care 
should  be  taken  not  to  have  too  great  a  pressure  from  the  inflowing  fluid,  since  then 
exudations  might  be  displaced  or  the  lung  distorted  or  ruptured.  While  the  lung  is 
being  filled  it  should  be  immersed  in  a  vessel  of  the  same  preservative  fluid,  in  which, 
after  closing  the  cannula  or  ligating  the  bronchus,  it  lies  for  twenty-four  hours.  It  is 
then  cut  into  small  pieces  and  the  hardening  completed  For  the  display  of  certain 
gross  lesions,  such  as  tuberculous  and  other  cavities  of  the  lungs  and  bronchi,  tumors, 
etc.,  the  lungs  filled  in  this  way  are  opened  by  an  incision  along  the  posterior  surface, 
from  apex  to  base  and  hung  in  jars.  For  this  purpose  5-per-cent.  formaldehyde  solu- 

tion may  be  used  for  both  fixation  and  preservation  in  the  jars.  A  variety  of  harden- 

ing agents  may  be  used:  Orth's  fluid  or  formalin  solution  (10  :  100)  is  on  the  whole  the 
best.  If,  however,  the  lung  is  commencing  to  decay,  strong  alcohol  will  stop  the  proc- 

ess most  quickly  and  give  as  good  results  as  are  possible  under  the  circumstances 
Alcohol  should  be  used  when  the  lungs  are  to  be  examined  for  bacteria. 

It  is  often  desirable,  and  particularly  in  cases  in  which  the  topography  of  lesions  is 
to  be  studied,  as  in  acute  miliary  tuberculosis,  acute  and  chronic  phthisis,  infarctions, 
etc.,  to  inject  the  blood-vessels  with  colored  gelatin.  The  lung  should,  after  the  injec- 

tion, be  hardened  in  alcohol. 

The  Pharjrnz,  Lar3rnx,  (Esophagus,  and  Thyroid  Gland. — For  the  re- 
moval of  these  parts  the  incision  through  the  skin  should  be  carried 

upward  as  far  as  practicable — when  permissible,  to  a  point  1  inch  be- 
low the  chin,  the  head  being  allowed  to  hang  backward  over  the  edge  of 

the  table. 

The  soft  parts  are  dissected  from  the  larynx,  taking  care  not  to  cut 
the  thyroid  body,  and  an  incision  is  made  through  the  floor  of  the 
mouth,  following  the  internal  surface  of  the  inferior  maxilla.  Through 
this  incision  the  fingers  are  introduced  into  the  mouth,  the  tongue  is 
drawn  down,  the  posterior  wall  of  the  pharynx  is  divided  above  the  tonsils, 
and  the  tongue,  pharynx,  and  larynx  are  drawn  out  together.  These 
organs  are  then  pulled  downward,  and  with  the  aid  of  the  knife  the  trachea 
and  cDsophagus  are  removed  entire,  the  oesophagus  being  cut  just  above 
the  stomach.  If  the  contents  of  the  stomach  are  to  be  preserved,  as  in 
cases  of  suspected  poisoning,  a  ligature  is  put  around  the  oesophagus  just 
below  the  point  at  which  it  is  to  be  cut  oflf. 
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With  the  enterotome  the  pharynx  and  oesophagus  are  now  slit  open 
upon  their  posterior  surfaces.  The  mucous  membrane  thus  exposed  is 
examined  for  evidences  of  caustic  poisons,  of  inflammation,  tumors, 
strictures,  varices,  etc.  The  enterotome  is  next  introduced  into  the 
larynx,  and  this  organ  and  the  trachea  are  laid  open  along  the  poste- 

rior wall.  Here  we  look  for  oedema  of  the  aryteno-epiglottidean  folds 
(oedema  of  the  glottis),  for  evidences  of  catarrhal,  croupous,  ulcerative, 
and  syphilitic  inflammation,  and  for  tumors  and  lesions  of  the  laryngeal 
cartilages.  QCdema  and  redness  of  the  larynx  may  result  from  post-mor- 

tem changes,  especially  in  bodies  which  have  been  kept  for  several  days 
in  cold  weather.  A  well-marked  oedema  glottidis  during  life  may  leave 
no  trace  after  death.  Putrefactive  changes  usually  commence  early  in 
the  larynx  and  trachea. 

The  thyroid  gland  is  dissected  off  and  examined.  Its  weight  varies 
considerably,  being,  according  to  Krause,  somewhat  over  30  grams. 

Preservation  of  the  Pharynx,  Larynx,  Trachea,  Etc. — These  structures  are 
freed  from  superfluous  tissue  and  suspended  entire  by  a  thread  in  a  large  quantity  of 

Orth's  fluid  or  Flemming's  osmic-acid  mixture,  after  which  the  hardening  is  completed 
in  the  usual  way.  The  cBSophagus  should  be  stretched  loosely  on  sheet  cork  with  pins, 
and  hardened  in  either  of  the  above  fluids.  The  thyroid  may  be  cut  into  small  pieces 
and  similarly  hardened. 

The  Abdomen. 

Returning  now  to  the  abdominal  cavity,  we  first  dissect  off  the  omen- 
tum. Tubercles  of  the  peritoneum  may  be  best  seen  in  the  omentum. 

The  colon  is  then  raised  and  dissected  free,  to  the  caecum  on  one  side  and 
to  the  rectum  on  the  other.  The  colon  and  small  intestines  are  then 
drawn  first  to  the  right  and  then  to  the  left  side,  so  as  to  expose  in  turn 
the  right  and  left  kidneys.  As  each  kidney  is  brought  into  view  an  in- 

cision is  made  through  the  peritoneum  over  the  track  of  the  ureter.  The 
ureter  is  followed  through  its  entire  length  and  its  condition  ascertained. 

Sometimes  one,  more  rarely  all,  of  the  abdominal  viscera  are  un- 
usually movable,  owing  to  a  relaxation  of  their  ligamentous  or  other  sup- 
ports. This  condition — enteroptosis — is  common  in  the  liver,  more  fre- 

quent in  the  spleen,  and  especially  so  in  the  kidneys.  It  has  been 
occasionally  described  in  the  stomach  and  intestines.         \ 

The  Kidneys. — These  organs  are  now  removed,  the  peritoneum  and 
fat  being  separated  from  them  with  the  hand,  and*^the  vessels  bein^  di- 

vided with  the  knife.  The  adrenals,  at  the  upper  end  of  each  kidney, 
are  removed  at  the  same  time.  The  kidneys  may  be  softened  by  putre- 

faction, or  the  surface  may  have  a  greenish  gray  color,  caused  by  the 
post-mortem  action  of  putrefactive  gases  on  the  haemoglobin. 

An  incision  is  made  through  the  capsule  along  the  convex  border  of 
the  kidney,  and  the  membrane  stripped  off.  We  notice  the  degree  of 
adherence  of  the  capsule  to  the  kidney,  and  also  the  surface  of  the  latter, 
whether  smooth  or  roughened,  pale,  congested,  or  mottled;  an  incision 
is  made  along  the  convex  surface  down  to  the  pelvis,  so  that  the  organ 
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is  divided  into  halves.  We  observe  the  relative  thickness  of  the  cortical 

and  pyramidal  portions,  as  well  as  the  size  of  the  entire  organ.  To  as- 
certain the  latter  point,  it  is  well  to  weigh  each  kidney;  the  normal 

weight  is  from  130  to  150  grams.  The  left  kidney  is,  according  to  Orth, 
from  five  to  seven  granns  heavier  than  the  right.  At  from  twenty  to 

thirty-five  years  of  age,  according  to  Thoma,  the  weight  of  the  heart  is  to 
the  weight  of  both  kidneys  as  1  :  1 . 1.  The  weight  of  the  kidneys  of  adults 
is  given  by  Vierordt  in  general  as  about  0 .  48  per  cent,  of  that  of  the  entire 
body. 

It  is  necessary  to  remember  that  in  a  kidney  which  is  much  atrophied 
there  may  be  an  increase  of  fat  in  the  pelvis,  which  gives  the  organ 
nearly  its  normal  size  and  weight,  while  the  kidney  tissue  proper  may 
have  in  great  measure  disappeared. 

We  now  inspect  the  kidney  tissue  more  closely,  especally  the  cortical 
portion.  The  pyramids  consist  largely  of  tubes  running  in  nearly 
straight  lines  from  the  apex  to  the  base  of  each  pyramid.  These  straight 

tubes  pass  from  the  pyramids  into  the  cortex  in  bundles,  called  medul- 
lary rays,  many  of  them  retaining  their  straight  course  until  they  nearly 

reach  the  surface  of  the  kidney.  These  straight  tubules  send  off  branches 

on  all  sides  of  the  rays,  which  become  convoluted,  form  Henle's  loops, 
and  finally  terminate  in  the  glomeruli  or  Malpighian  bodies.  In  this 
way  the  cortex  of  the  kidney,  as  seen  in  section,  is  divided  into  alternate 
bands  of  straight  tubes,  and  convoluted  tubes,  with  glomeruli;  both  sets 

of  bands  being  perpendicular  to  the  surface  of  the  kidney,  and  called  re- 
spectively medullary  rays  and  labyrinths.  About  the  convoluted  tubules 

and  glomeruli  is  a  rich  venous  plexus;  and  since  after  death  the  blood 
usually  remains  in  this  plexus  and  in  the  glomeruli,  the  bands  containing 
the  convoluted  tubules,  i.e.y  the  labyrinths,  usually  appear  red,  while  the 
medullary  rays  are  grayish  white.  In  a  normal  kidney,  therefore,  the 
cortex  should  be  regularly  striped  in  narrow  alternating  red  and  whitish 
bands. 

The  average  thickness  of  the  cortex  of  the  kidney  is  from  four  to  six 
millimetres. 

If  there  be  extensive  congestion,  the  entire  cortex  is  red.  If  the  epi- 
thelium of  the  tubules  degenerates  and  fills  them  up,  or  if  there  are  con- 

siderable changes  in  the  interstitial  tissue,  the  regular  bands  are  lost  and 
the  cortex  is  irregularly  mottled.  If  the  tubular  epithelium  becomes 
filled  with  fat  globules,  this  is  indicated  by  an  opaque  yellow  color  of  the 
affected  parts;  in  many  cases,  therefore,  the  existence  of  a  kidney  lesion 
can  be  recognized  with  the  naked  eye. 

If  waxy  degeneration  be  present  to  a  marked  extent,  it  may  be  mani- 
fest by  a  peculiar  translucent  appearance  of  the  affected  parts,  but  in 

most  cases  it  is  necessary  to  apply  reagents  to  demonstrate  it  satisfac- 
torilv.  The  cut  surface  of  the  kidnev  is  washed  with  water,  to  free  it 
from  blood,  and  repeatedly  brushed  with  an  aqueous  solution  of  iodin 

(iodin  1  part,  potassium  iodid  3  parts,  water  100  parts).  The  glo- 
meruli and  the  blood-vessels  are  most  frequently  affected,  and,  if  so,  they 

may  appear  as  mahogany-colored  dots  and  lines  on  a  yellow  ground. 
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But  this  reaction  is  not  constant,  and,  for  accurate  detection  of  amy- 
loid substance,  recourse  should  be  had  to  other  reagents  applied  to  sec- 

tions of  the  hardened  tissues  (see  p.  50). 
The  pelvis  of  the  kidney  should  be  examined  for  inflammatory  lesions 

and  calculi.  Sometimes  a  whitish  fluid  is  seen  in  the  pelvis  and  can  be 

squeezed  from  the  papillae;  this  is  produced  by  a  post-mortem  desqua- 
mation of  the  epithelium,  but  is  likely  to  be  mistaken  for  pus. 

Preservation  of  the  Kidney. — If  the  kidney  be  not  opened,  the  blood-vessels 

may  be  injected  through  the  renal  artery,  slowly  and  under  a  low  pressure,  with  Orth's 
fluid  or  Flemming's  osmic-acid  mixture.  After  the  vessels  are  filled  with  either  of  the 
above  fluids,  they  are  tied,  and  the  entire  organ  is  placed  in  a  large  quantity  of  the 
injecting  fluid  for  twenty-four  hours.  The  kidney  is  then  cut  into  small  pieces,  and 
the  hardening  is  completed  in  the  usual  way. 

In  most  ca.ses,  however,  the  kidneys  will  have  been  opened  for  inspection  at  the 
autopsy.  Then  small  pieces  are  removed  from  the  various  regions  and  hardened  in 
the  above  fluids. 

Kidneys  which  are  to  be  examined  for  the  presence  of  bacteria  should  be  cut  into 
small  pieces  and  placed  at  once  in  strong  alcohol,  which  should  be  changed  once  or 
twice,  and  in  which  they  are  permanently  preserved. 

The  Adrenals — Suprarenal  Capsules. — These  are,  in  the  foetus,  of  an 
ovoidal,  in  the  adult,  of  a  triangular  shape.  They  are  situated  at  the 
upper  and  inner  border  of  the  kidney,  to  which  they  are  loosely  attached 
by  connective  tissue.  On  the  anterior  surface  is  an  irregular  fissure, 
called  the  hilus,  from  which  the  veins  emerge.  The  size  of  the  adrenals 
varies  considerably,  but  in  the  adult  the  average  vertical  diameter  is  from 
3.2  cm.  to  4.5  cm.,  the  transverse  diameter  about  3.2  cm.,  and  they  are 
from  4.2  mm.  to  6.4  mm.  in  thickness.  They  weigh  in  the  adult  from  4 
to  8  grams.  They  are  relatively  larger  in  children  than  in  adults.  They 
are  composed  of  a  cortical  and  a  medullary  portion,  the  cortex  forming  a 
yellowish  shell  around  the  dark  red  or  brown  medulla.  They  are  en- 

closed in  a  connective-tissue  capsule,  from  which  fibrous  processes  extend 
inward,  dividing  the  gland  into  a  series  of  irregular  chambers.  Those  in 
the  cortex  are  mostly  elongated,  giving  this  portion  a  striated  appear- 

ance, while  those  in  the  medulla  are  polyhedral.  It  is  in  these  spaces 
that  the  parenchyma  cells  lie.  The  adrenals  readily  decompose;  the 
inner  layer  of  the  cortex  may  soften  and  break  down,  so  that  the  outer 
zone  forms  a  sort  of  cyst  filled  with  reddish  brown  broken-down  sub- 

stance. Hypertrophy,  tuberculosis,  and  cheesy  degeneration,  fatty  de- 
generation, and  tumors  are  to  be  looked  for. 

Preservation. — The  adrenals  should  be  hardened  in  Orth's  fluid  or  in  strong alcohol. 

The  Spleen. — This  organ  has,  when  removed  from  the  body,  the  gen- 
eral shape  of  a  flattened  ellipsoid,  most  curved  on  its  external  and  pos- 

terior surface.  It  is  situated  in  an  oblique  position  on  the  left  side  of 
the  stomach,  and  between  its  cardiac  end  and  the  diaphragm.  The 
vessels  are  given  off  from  its  inner  surface,  which  is  crossed  by  a  more 
or  less  well-marked  vertical  ridge.     The  point  of  emergence  of  the  vessels 
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is  called  the  hilus.  Its  long  diameter  extends  from  the  seventh  inter- 
costal space  to  the  eleventh  rib.  Its  upper  portion  is  separated  from  the 

ribs  by  the  lungs;  its  lower  portion,  by  the  diaphragm. 
It  is,  according  to  Vierordt,  on  the  average,  from  12  to  13  cm.  long; 

from  7  to  8  cm.  broad,  and  about  3  cm.  thick.  Its  average  weight  is 
about  171  grams.  The  dimensions  of  the  spleen  as  given  by  Krause  are 
somewhat  greater  than  the  above.  But  its  measurement  and  weight 
vary  considerably  within  the  limits  of  health.  It  is  in  these  respects 
the  most  variable  organ  in  the  body.  In  old  age  the  average  weight 
gradually  diminishes. 

The  spleen  is  enclosed  in  a  fibrous  capsule  covered  with  peritoneum. 

The  parenchyma  is  formed  of  blood-vessels  and  fibrillar  connective  tissue, 
and  of  a  soft,  dark  red  pulp  in  which  are  embedded  whitish  spheroidal 
or  elongated  bodies,  the  glomeruli,  or  Malpighian  bodies.  In  the  normal 
human  spleen  the  glomeruli  are  usually  hardly  perceptible  to  the  naked 
eye,  but  sometimes  they  are  very  plain.  Sometimes  the  fibrous  stroma 
is  very  apparent,  sometimes  not. 

The  size,  consistence,  and  color  of  the  organ  vary  a  good  deal  within 
normal  limits;  it  may  soften  in  decomposition.  Thickenings  of  the  capsule 
and  abnormal  adhesions  are  very  common,  and  often  occur  without  any 
clinical  history  indicating  disease.  We  should  look  for  changes  in  size, 
color,  and  hardness;  for  pigmentation,  hyperplasia  of  the  connective 
tissue,  amyloid  degeneration,  tubercles,  and  infarctions. 

Not  infrequently  one  or  more  spheroidal  or  flattened  so-called  acces- 
sory spleens  are  found  in  the  vicinity  of  the  spleen;  they  vary  in  size 

from  that  of  a  pea  to  that  of  a  walnut. 

Preservation. — In  certain  diseases  of  the  pulp,  ansemia,  leucocythaemia,  etc.,  the 
tissue  should  be  teased,  when  fresh,  in  0.85-per-cent.  salt  solution,  or  examined  by 
the  staining  methods  described  under  the  Lesions  of  the  Blood.  For  general  purposes 

small  pieces  of  the  organ  are  hardened  in  Orth's  fluid,  Flemming's  osmic-acid  mixture, or  in  alcohol. 

The  Intestines. — The  rectum  is  divided,  the  intestine  is  seized  with  the 
left  hand,  and,  being  kept  stretched,  is  separated  from  its  attachments 
by  repeated  incisions  through  the  mesentery  close  to  the  gut,  until  the 
duodenum  is  reached,  where  the  intestine  is  again  cut  off.  The  operation 
is  more  cleanly  if,  before  dividing  the  gut,  ligatures  are  placed  around 
it  at  either  end.  The  entire  length  of  the  gut  is  now  laid  open  with  the 
enterotome  along  the  mesenteric  attachment;  the  mucous  membrane 
is  cleaned  with  a  stream  of  water  and  then  examined. 

In  cases  of  suspected  poisoning,  a  ligature  should  be  placed  around 
the  rectal  end  of  the  gut  and  two  around  the  duodenal  end,  and  it  should 
then  be  cut  off  below  the  former  and  between  the  latter  ligatures.  The 
gut  is  now  opened  and  the  contents  are  emptied  into  a  clean  glass  jar  for 
delivery  to  the  chemist,  care  being  taken  that  they  be  not  allowed  to 

touch  anything  but  the  inner  surface  of  the  jar.  After  washing  the  in- 
testine in  pure,  fresh  water  and  examining  it,  it  should  be  placed  entire 

in  another  clean  jar  and  the  jar  sealed. 
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Cadaveric  lividities  are  very  common  in  the  intestines,  and  are 
usually  most  marked  in  the  dependent  portions.  They  are  apt  to  occur 
in  patches,  but  may  be  diffuse  and  very  extensive.  If  the  wall  of  the 
gut  be  stretched,  they  are  often  seen  to  be  discontinuous,  owing  to  the 
pressure  of  the  blood  from  the  parts  which  are  squeezed  by  folds.  Small 
patches  of  arborescent  or  diffuse  red  staining  are  often  seen,  formed  by 
the  imbibition  from  the  vessels  of  decomposing  haemoglobin.  In  the 
more  advanced  stages  of  decomposition  the  mucosa  may  be  softened  and 

loosened.  A  dark  purple  or  brownish  discoloration  of  the  entire  intes- 
tinal wall  is  frequently  seen,  either  diffuse  or  in  patches.  Much  experi- 
ence and  careful  observation  are  requisite  in  forming  a  correct  judgment 

regarding  the  significance  of  changes  of  color  in  the  intestines.  Caution 
is  necessary  in  distinguishing  normal  digestive  hypersemia  from  ab- 

normal congestion.  A  very  considerable  congestion  may  exist  without 
disease. 

The  lesions  ordinarily  to  be  looked  for  are  catarrhal,  croupous,  and 
ulcerative  inflammations,  perforations,  haemorrhages,  strictures,  tumors, 

amyloid  degeneration,  sw^elling  and  ulceration  of  the  solitary  follicles 

and  Peyer's  patches,  and  pigmentation.  For  the  detection  of  amyloid 
degeneration  of  the  mucosa  this  structure  should  be  carefully  washed 
and  brushed  with  a  solution  of  iodin. 

Preservation. — For  the  general  purposes  of  microscopic  study,  portions  of  the 
gut  should  be  gently  stretched  on  cork  (the  mucosa  side  free)  and  hardened  in  Orth's 
fluid  or  in  Flemming's  osmic-acid  mixture. 

For  obvious  reasons  the  mucous  membrane  should  be  handled  as  little  as  possible, 
for,  in  the  majority  of  cases,  decomposition  and  softening  have  already  set  in  at  the 
time  of  the  autopsy,  and,  under  the  most  favorable  conditions,  the  epithelium  is  very 
easily  rubbed  off. 

In  cases  in  which  the  most  perfect  preservation  of  the  topographical  features,  as 
well  as  the  minute  structure  of  the  intestinal  mucosa,  is  desired,  even  at  the  expense  of 
an  inspection  of  the  fresh  tissue,  another  mode  of  procedure  is  to  be  recommended. 
Selected  segments  of  the  gut  are,  after  removal  from  the  body,  allowed  to  remain 
unopened  on  the  table  while  ligatures  are  tied  around  the  ends.  The  isolated  seg- 

ments, or  the  whole  gut,  may  now  be  moderately  filled — not  distended — with  one  of 
the  above  fluids  by  means  of  a  syringe  with  a  needle  cannula;  or  one  end  of  the  seg- 

ment may  be  tied  and  the  fixative  introduced  through  a  funnel  at  the  other,  which 
end  is  then  ligated.  The  segments  to  be  preserved  should  now  be  placed  unopened  in 
the  fixative  solution.  After  twenty-four  hours  they  may  be  opened  with  scissors  or  a 
sharp  knife,  cut  into  suitable  pieces,  and  kept  permanently  in  80-per-cent.  alcohol. 

The  Stomach  and  Duodenum. — We  now  introduce  the  enterotome  into 
the  duodenum  at  its  transverse  portion,  and  open  it  on  the  convex  border. 

When  the  pylorus  is  reached  the  incision  is  carried  obliquely  over  to 
the  greater  curvature  of  the  stomach,  along  which  it  is  extended  as  far  as 
the  cesophageal  opening,  and  the  organ  examined  in  situ;  or,  if  a  more 
careful  examination  of  the  stomach  is  called  for,  after  ascertaining 
whether  or  not  the  bile  duct  is  pervious  (see  belowO,  the  duodenum  and 
stomach  may  be  removed  together,  and  the  stomach  opened  and  exam- 

ined on  the  table.  Alterations  in  size  and  form,  the  presence  of  tumors, 
ulcers,  etc.,  may  now  be  sought  for. 
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If  poisoning  be  suspected,  a  ligature  should  have  been  placed,  earlier 
in  the  examination  (see  above),  around  the  lower  end  of  the  oesophagus 
and  the  duodenum.  The  stomach  and  duodenum  are  now  removed  to- 

gether unopened.  They  are  to  be  opened  in  a  carefully  cleansed  glass 
jar,  and  after  an  inspection  of  the  mucous  membrane  and  the  contents 
with  the  naked  eye  and  a  hand  lens,  stomach,  duodenum,  and  contents 
are  to  be  sealed  in  the  jar  for  the  chemist. 

We  now  look  for  the  orifice  of  the  bile-duct,  w^hich  will  be  found 
about  the  middle  of  the  descending  portion  of  the  duodenum  on  its  con- 

cave border.  Pressure  on  the  gall-bladder  or  on  the  common  duct  will 

usually  cause  the  bile  to  fiow^  into  the  intestine  if  the  ducts  are  pervious. 
But  a  sufficient  degree  of  stoppage  may  exist  in  the  ducts  to  give  rise  to 
marked  symptoms  of  disease,  without  preventing  the  flow  of  bile  under 
these  conditions,  even  with  a  moderate  pressure.  A  long  director  is  now 

passed  into  the  gall-duct,  which  is  laid  completely  open;  ulcerations, 
cicatrices,  gall-stones,  inflammatory  lesions,  and  tumors  are  looked  for. 
In  stricture  of  the  gall-duct  the  mucous  membrane  above  will  often  be 
found  bile-stained,  while  below  it  is  colorless.  At  this  point,  should 
there  be  any  special  reason  for  doing  so,  the  portal  vein,  which  lies  close 
behind  the  ductus  choledochus,  should  be  opened  and  examined  for  peri- 

phlebitis, phlebitis,  and  thrombosis.  The  mucous  membranes  of  the 
duodenum  and  stomach  are  now  examined.  Acute  inflammation  from 

caustic  poisons,  chronic  catarrhal  inflammations,  haemorrhages,  ulcers, 
erosions,  swelling  of  the  solitary  follicles  (lymph-nodules),  and  tumors 
are  lesions  most  frequently  seen.  We  sometimes  find  a  diffuse  congestion 
of  the  stomach,  similar  to  that  produced  by  irritant  poisons,  as  a  result 
of  doses  of  croton  oil  given  just  before  death. 

Prehervation. — The  same  methods  should  be  used  as  for  the  intestines  (see 

above).  Tumors  should  be  cut  into  small  pieces  and  hardened  in  Orth's  fluid  or 
5-per-cent.  formaldehyde. 

The  Liver. — To  remove  the  liver,  the  diaphragm  is  first  divided  on 
one  side  of  the  suspensory  ligament  as  far  back  as  the  spine;  the  suspen- 

sory ligament  is  then  divided ;  then  the  right  and  left  lobes  being  in  turn 
raised,  the  lateral  ligaments  are  severed.  Then,  the  left  lobe  being  seized, 
the  organ  is  dragged  obliquely  downward  into  the  abdominal  cavity,  the 
remaining  attachments  being  dissected  away.  The  liver  is  first  laid  on 

its  superior  surface  and  the  gall-bladder  and  its  contents  are  examined. 
The  character  of  the  gall  is  to  be  determined,  and  gall-stones,  inflam- 

matory lesions,  and  tumors  are  to  be  sought  for.  To  determine  the 

actual  size  of  the  organ,  it  should  be  both  measured  and  w-eighed.  Its 
size  varies  greatly  in  different  healthy  individuals,  but  in  general  it  may 
be  said  that  it  measures  from  25  to  30  cm.  transversely,  from  15.3  to  18 

cm.  antero-posteriorly,  and  from  9  to  12  cm.  at  its  thickest  part;  its  or- 
dinary weight  is  between  1,550  and  1,860  grams.  In  children  its  weight 

relative  to  that  of  the  body  is  greater  than  in  adults.  The  liver  is 
increased  in  size  and  weight  during  digestion  and  by  congestion  from 
any  cause. 
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The  convex  surface  of  the  right  lobe  of  the  liver  not  infrequently 

shows  several  grooves  running  from  front  to  back,  approximately  par- 
allel with  the  suspensory  ligament  of  the  liver.  These  grooves,  which 

may  be  found  in  persons  of  all  ages,  are  believed  by  some  to  be  usually 
congenital,  by  others  to  be  the  result  of  pressure  of  the  diaphragm  and 
the  abdominal  muscles  on  a  relaxed  atrophic  liver.  They  seem  in  any 
event  to  be  of  no  practical  importance.  On  the  other  hand,  a  transverse 
groove  running  at  right  angles  to  the  axis  of  the  body  is  a  not  infrequent 
result  of  tight  lacing,  and  is  usually  associated  with  local  connective- 
tissue  thickening  of  the  capsule  and  underlying  tissue  of  the  liver.  In 

this  way  the  liver  may  become  much  distorted  and  the  gall-bladder  com- 
promised. 

The  capsule  of  the  liver  is  now  examined ;  the  organ  is  then  laid  on  its 
lower  surface  and  several  deep  incisions  are  made  from  above  downward. 
The  color  and  consistence  of  the  liver  tissue  should  be  noticed,  also  the 
distinctness  with  which  the  lobular  outlines  can  be  seen ;  whether  or  not 
the  centres  of  the  lobules  are  congested  or  their  peripheries  lighter  in 
color  than  usual;  the  presence  of  tumors,  tubercles,  abscesses,  ecchinococ- 
cus,  new  connective  tissue,  and  pigmentation.  Suspected  amyloid  de- 

generation should  be  tested  for  by  iodin  solution. 
We  often  find  the  surface  of  the  liver  of  a  greenish  or  very  dark 

brown  color;  less  frequently  the  same  color  extends  into  the  substance  of 
the  organ.  This  discoloration,  which  is  entirely  post  mortem,  is,  like 
the  similar  discoloration  of  other  internal  organs,  produced  by  the  action 
of  the  gases  of  putrefaction  on  the  coloring  matter  of  the  blood. 

Prebervation. — For  the  study  of  parenchymatous  degeneration,  sections  of  the 
fresh  frozen  tissue  or  small  teased  fragments  should  be  examined  in  0.85-per-cent.  salt 

solution.  For  general  purposes  small  pieces  should  be  hardened  in  Orth's  fluid  or  in 
formalin  solution  (10:  100)  or  in  alcohol.    Tumors  should  be  treated  in  the  same  way. 

The  Pancreas. — This  organ,  of  a  light  yellowish  red  color,  is  elon- 
gated, irregularly  prismatic  in  shape,  and  flattened  antero-posteriorly; 

the  right  end,  called  the  head,  is  broader  than  the  rest  and  lies  in  the 
concavity  of  the  duodenum.  The  remainder  of  the  organ,  the  body  and 
tail,  are  usually  tapering  and  lie  transversely  in  the  abdominal  cavity, 
the  tail  reaching  to  the  spleen.  Its  size  and  weight  vary  considerably; 
its  usual  length  is  from  15.3  to  23  cm. ;  its  breadth  about  3 . 8  to  4 . 5  cm. ; 
its  thickness  about  1.3  to  3.8  cm.;  its  weight  is  usually  from  70  to  108 
grams.  The  organ  may  be  rounded  instead  of  flattened;  the  head  and 
tail  may  be  disproportionately  large;  the  tail  may  be  unusually  long  or 
may  be  divided  or  curved.  The  superior  mesenteric  artery  and  vein, 
which  pass  behind  the  gland,  are  usually  partly  embedded  in  it,  but  are 
sometimes  completely  enclosed. 

A  longitudinal  incision  should  be  made  through  the  whole  gland, 
and  its  substance  and  duct  should  be  searched  for  calculi,  tumors,  mal- 

formations, and  evidences  of  acute  and  chronic  inflammation,  fat  necro- 
sis, and  amyloid  degeneration  of  the  blood-vessels.  The  pancreas  is 

frequently  of  a  dark  red  color  from  post-mortem  staining. 



1018  MAKING    POST-MORTEM    EXAMINATIONS 

Preservation. — Portions  of  this  organ  should  be  hardened  in  strong  alcohol, 

Orth's  fluid,  or  in  Flemming's  osmic-acid  mixture. 

The  examination  of  the  thoracic  duct,  which  lies  to  the  right  and 
posterior  to  the  aorta,  may  now  be  made.  Among  the  most  important 
of  its  lesions  is  tuberculosis,  since  it  has  been  shown  that  from  a  tuber- 

culous lesion  here  the  generalization  of  bacilli  not  infrequently  oc- 
curs. Inflammatory  lesions,  carcinoma,  partial  or  total  occlusion  from 

pressure  may  be  found. 
The  solar  plexus,  which  surrounds  the  origin  of  the  coeliac  axis  and 

the  superior  mesenteric  artery  and  lies  between  the  adrenals,  may  now 

be  sought.  Lesions  of  the  semilunar  and  other  ganglia  are  to  be  noted — 
atrophy,  pigmentation,  and  degenerations. 

The  condition  of  the  hsemolymph  nodes  in  the  prevertebral  fat  should 
be  ascertained  (see  p.  497). 

The  Aorta. — The  size  of  the  lumen  of  this  vessel  should  be  determined. 
The  average  circumference  of  the  ascending  aorta  in  the  adult  may  be 

taken  in  general  as  about  69  millimetres.^  Either  in  situ  or  after  re- 
moval the  aorta  should  be  opened  by  an  incision  extending  its  whole 

length  and  continued  into  its  larger  branches. 

The  Genito-urinary  Organs. 

The  Male  Organs. — If  the  urine  is  to  be  examined  it  may  be  drawn  off 
with  a  catheter;  or  a  vertical  incision  may  be  made  into  the  bladder  just 
above  the  symphysis  pubis,  and  some  of  the  urine  dipped  out.  The  cut 
end  of  the  rectum  should  now  be  grasped  with  the  left  hand  and  raised 
up,  and  this  and  the  bladder,  prostate  gland,  etc.,  dissected  away  from 
the  pelvis,  the  knife  being  carried  close  to  the  bone.  The  bladder  is 
now  drawn  backward  and  the  loose  tissue  close  under  the  symphysis 
pubis  cut.  The  body  of  the  penis  is  then  shoved  backward  within  the 
skin  and  dissected  away  from  behind,  beneath  the  symphysis,  and  finally 
cut  off  just  behind  the  glans  penis.  The  penis  and  bladder  are  now 
drawn  backward  and  upward,  and  the  pelvic  organs  removed  together. 
Or,  the  penis  may  be  removed  by  sawing  away  the  bones  above  the  pubic 
arch,  and  then  dissecting  away  the  penis,  whose  root  is  thus  exposed. 

The  pelvic  organs  are  then  laid  on  the  table,  the  bladder  uppermost; 
a  long  director  is  passed  into  the  urethra,  which  is  opened  on  its  upper 
surface  through  its  entire  length,  and  the  bladder  widely  opened.  In 
the  urethra  the  presence  of  strictures,  diverticula,  ulcers,  inflammatory 

lesions,  is  to  be  noticed;  in  the  bladder  inflammatory  lesions,  hypertro- 
phies, congestion  and  ecchymosis  of  the  mucous  membrane,  hyperplasia 

and  ulcers  of  the  lymph-nodules,  and  tumors.  The  organs  are  now 
turned  over;  the  rectum  is  opened  and  examined  for  varicose  veins,  haem- 

orrhages, ulcers,  strictures,  and  tumors.  The  prostate  gland  is  then  cut 
into  and  the  presence  of  calculi,  inflammatory  lesions,  hypertrophies, 
and  tumors  sought  for.     Lastly,  the  vesiculce  seminales  are  examined,  in 

1  See  Vierordt's  Tables;  also  r.  Ritodk,  Zeits.  f.  klin.  Med.,  Bd.  Ixi.,  p.  36,  1907. 
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which,  though  rarely,  we  may  find  evidences  of  tuberculous  inflamma- 
tion and  dilatation. 

The  testicles  may  be  removed,  when  necessary,  without  cutting  the 
scrotum,  by  enlarging  the  inguinal  canals  from  within  and  crowding  the 
glands  through  them  and  cutting  them  off.  The  average  weight  of  the 
adult  testicle  with  its  epididymis  is,  according  to  Krause,  from  15  to 
24.5  grams.  Inflammatory  lesions,  tuberculosis,  abscesses,  and  tumors 
are  the  most  frequent  lesions. 

Preservation. — The  urethral  canal  and  bladder  may  be  pinned  open  and  hard- 

ened in  Orth's  fluid  or  in  Flemming's  osmic-acid  mixture.  The  prostate,  vesiculae 
seminales,  testicles,  and  tumors  may  be  hardened  in  the  same  fluids. 

The  Female  Organs. — The  position  and  general  condition  of  the  pelvic 
organs  should  first  be  determined  by  inspection.  Abnormal  adhesions 
of  the  ovaries,  broad  ligaments.  Fallopian  tubes,  and  uterus;  malposi- 

tions of  the  uterus;  subserous  tumors  of  the  uterus,  and  ovarian  tumors, 
are  frequently  observed.  Haemorrhage  into  the  posterior  cvl-de-sac  is 
sometimes  found.  The  urine  should  be  collected,  if  necessary,  as  above 
directed;  the  organs  should  be  dissected  away  laterally,  as  in  the  male, 
care  being  taken  not  to  injure  the  ovaries  and  Fallopian  tubes.  The 
bladder  is  then  drawn  strongly  backward  and  upward,  and  dissected 

aw'ay  from  the  symphysis  and  the  pubic  arch,  and,  the  point  of  the  knife 
being  carried  forward  and  downward,  the  vagina  is  cut  off  in  its  lower 
third,  the  rectum  severed  just  above  the  anus,  the  remaining  attachments 
cut,  and  the  pelvic  organs  are  taken  out  together.  If  it  be  necessary  to 
remove  the  external  generative  organs,  after  freeing  the  lateral  surfaces 
of  the  internal  organs  and  the  bladder,  the  legs  are  widely  separated  and 
the  vulva  and  anus  circumscribed  by  a  deep  incision.  The  tissues  close 
beneath  the  pubic  arch  are  now  dissected  away  from  below,  and  the 
vulva  is  thrust  back  beneath  the  symphysis;  it  is  now  seized  above  the 
bone,  and  together  with  the  anus  dissected  away  and  removed  with  the 
other  organs. 

The  bladder  is  first  opened  and  examined.  The  vidva  may  now  be 
examined  for  hypertrophies,  inflammatory  lesions,  ulcers,  cicatrices, 
cysts,  and  tumors.  The  vagina  is  opened  along  the  anterior  surface;  its 
more  common  lesions  are  inflammations,  fistula?,  ulcers,  tumors,  and 
rarely  cysts. 

The  Uterus. — Before  opening  this  organ  its  size  and  shape  should  be 
determined.  The  adult  virgin  uterus  is  a  pear-shaped  body,  flattened 
antero-posteriorly;  the  upper  portion,  or  body,  is  directed  upward  and 
forward,  while  the  low^er  portion,  the  cervix,  is  directed  downward  and 
backward.  It  is  covered  anteriorly  by  peritoneum  to  a  point  a  little 
below  the  level  of  the  os  internum;  posteriorly,  to  a  point  a  little  below 
the  level  of  its  junction  with  <he  vagina.  The  peritoneal  investment 
separates  from  the  organ  at  the  sides  to  form  the  broad  ligaments.  The 
uterus  is  held  in  position  by  the  broad  and  round  ligaments  and  by  its 
attachments  to  the  bladder  and  rectum  and  vagina.  The  upper  end, 
the  fundus,  does  not  extend  above  the  level  of  the  brim  of  the  pelvis. 
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Its  average  length  is  about  7.6  cm.;  its  breadth  about  5.1  cm.;  its  thick- 
ness about  2.5  cm.;  its  average  weight  is  about  31  to  46  grams.  During 

menstruation  the  uterus  is  slightly  enlarged,  the  mucous  membrane 
of  the  body  becomes  thicker,  softer,  and  its  vessels  are  engorged  with 
blood;  while  its  inner  surface  is  more  or  less  thickly  covered  with  blood 
and  cell  detritus.  A  description  of  the  complicated  changes  in  the 
uterus  which  pregnancy  entails  may  be  found  in  the  works  on  obstetrics. 
After  pregnancy  the  uterus  does  not  return  to  its  original  size,  but 
remains  somewhat  larger;  the  os  is  wider  and  frequently  fissured. 

We  not  infrequently  find  in  the  mucous  membrane  of  the  lower  part 
of  the  cervix  small,  transparent,  spheroidal  structures,  called  ovula 
Nabothi;  these  are  small  retention  cysts  caused  by  the  closure  of  the 
orifices  of  the  mucous  glands.  The  more  common  lesions  observed  in 
the  uterus  are  malpositions,  malformations,  lacerations,  ulcerations  of 
the  cervix,  acute  and  chronic  inflammation  of  the  mucous  membrane  or 
muscularis,  or  both,  thrombosis  and  inflammation  of  the  veins,  and 
tumors. 

In  the  infant  the  uterus  is  small,  the  body  flattened,  the  cervix  dis- 
proportionately large.  iDuring  childhood  the  organ  increases  in  size, 

but  the  body  remains  small  in  proportion  to  the  cervix.  At  puberty,  the 
shape  changes,  and  the  body  becomes  larger. 

The  ovaries  are  flattened,  ovoidal  bodies,  situated  one  on  each  side, 
and  lying  nearly  horizontally  at  the  back  of  the  broad  ligament  of  the 
uterus.  Their  size  is  variable,  and  they  are  usually  largest  in  the  virgin 
state.  They  measure  about  3.8  cm.  in  length,  1.9  cm.  in  breadth,  and 
nearly  1.3  cm.  in  thickness.  Their  average  weight  is  from  3.9  to  6.5 
grams.  The  sides  of  the  ovary  and  its  posterior  border  are  free;  it  is 
attached  along  the  anterior  border;  to  its  end  is  attached  the  ovarian 
ligament,  to  its  outer  extremity  one  of  the  fimbriae  of  the  Fallopian  tube. 
The  ovary  is  covered  on  its  free  surface  by  cylindrical  epithelium,  and 
its  surface  is  less  glistening  than  the  general  peritoneum.  The  surface 
of  the  ovary  is  smooth  in  the  young,  but  becomes  rougher  and  depressed 
in  spots  as  the  process  of  ovulation  goes  on.  In  adult  females  we 
usually  find  corpora  lutea  in  their  various  stages.  We  should  seek  for 
evidences  of  acute  and  chronic  inflammation,  for  tumors  and  cysts. 

The  Fallopian  tubeSj  lying  in  the  upper  margin  of  the  broad  liga- 
ments, are  from  7.6  to  10  cm.  in  length.  The  length  often  differs  con- 

siderably on  the  two  sides.  They  commence  at  the  upper  angles  of  the 
uterus  as  small  perforated  cords,  which  become  larger  farther  outward, 

and  bend  backw^ard  and  downward  toward  the  ovary.  They  terminate 
in  an  expanded  fimbriated  extremity  about  2.5  cm.  beyond  the  ovary. 
They  are  covered  by  peritoneum,  and  the  mucous  membrane  lining 
them,  continuous  with  that  of  the  uterus,  is  thrown  into  longitudinal 
folds.  Malpositions  by  adhesions,  closure,  inflammations,  and  cysts 
are  the  more  common  lesions.  The  possibility  of  tubal  pregnancy  should 
be  borne  in  mind. 

Preservation. — All  of  these  organs  and  their  tumors  may  be  hardened  in  Orth's 
fluid  or  in  Flemming's  osmic-acid  mixture.     The  vagina  should  be  stretched  flat  on 
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cork,  and  the  cavity  of  the  uterus  laid  wide  open.  Great  care  should  be  taken  not  to 
touch  either  the  internal  surface  of  the  uterus  or  the  external  surfaces  of  the  ovaries, 
since  in  both  the  epithelium  is  very  easily  rubbed  off. 

It  is  better,  after  opening  them  by  a  transverse  incision,  to  suspend  the  ovaries  by 
a  thread  in  a  jar  of  the  preservative  fluid  than  to  let  them  lie  on  the  bottom,  since  the 
epithelium  is  thus  less  likely  to  be  rubbed  off.  Larger  cysts  of  the  ovary  for  exhibition 
purposes  should  be  distended  with  preservative  fluid. 

The  Closure  of  the  Body  after  the  Post-mortem  Examination. 

At  the  end  of  the  autopsy  the  body  should  be  restored  as  nearly  as 
possible  to  its  natural  external  appearance. 

Fluids  should  be  removed,  vacant  spaces  filled  with  absorbent  mate- 
rial, such  as  cotton,  jute,  or  sawdust,  and  the  incisions  closed  by  sutures. 

Bacterial  Examination  of  Post-mortem  Specimens. 

It  is  often  important  to  make  a  thorough  post-mortem  examination 
by  cultures  as  well  as  morphologically  of  the  blood  and  of  all  the  viscera. 
This  is  important  not  only  in  those  cases  which  during  life  gave  clinical 
evidence  of  general  infection,  but  also  in  many  forms  of  disease  whose 
nature  is  still  wholly  obscure. 

In  the  interpretation  of  the  result  of  all  such  examinations,  however, 
it  should  be  borne  in  mind  that  after  death  a  new  distribution  of  germs 

may  occur,  and  that  from  the  gastro-intestinal  canal  and  from  other  sur- 
faces or  cavities  of  the  body  micro-organisms  may,  as  decomposition 

progresses,  penetrate  the  tissues  and  the  viscera. 
A  careful  consideration  of  the  general  conditions  under  which  the 

body  has  been  kept  and  its  state  of  decomposition  is  of  special  importance 
in  the  interpretation  of  the  significance  of  the  Bacillus  coli  communis, 
which  is  always  present  in  such  enormous  numbers  in  the  intestinal  canal, 
and  which  is  not  only  apt  to  effect  wide  distribution  in  the  body  after 
death,  but  as  a  result  of  careless  manipulation  is  likely  to  be  accidentally 
brought  in  contact  with  other  viscera  after  the  opening  of  the  gut.  The 
preparation  of  cover-slips  for  staining  and  the  making  of  cultures  is,  as 
a  rule,  best  done  at  the  autopsy  table. 

It  is  well  as  each  organ  is  exposed — commencing  witli  the  heart — to 
sear  the  surface  of  the  organ  to  be  examined  with  a  broad-bladed  knife 
heated  over  a  flame,  and  then,  making  an  incision  through  the  seared 
surface  with  a  sterilized  scalpel,  to  press  a  sterilized  cotton  swab  into 
the  opening  and  absorb  the  juices  which  exude,  or  to  pick  out  a  small 
fragment  of  the  solid  tissue  from  the  depths  of  the  opening,  or  to  secure 
some  of  the  blood  or  fluid  on  a  sterilized  platinum  loop;  and  then  with 
the  material  thus  procured  make  the  required  cultures  and  afterward 
the  cover-slip  smears  for  staining. 

If  it  be  necessary  to  transport  the  material  to  the  laboratory  before 
making  cultures,  it  is  well  to  reserve  the  unopened  organs,  or  large  por- 

tions of  these  in  the  case  of  the  solid  viscera,  and  to  wrap  each  separately 
in  a  cloth  saturated  with  sublimate  solution,  or  to  put  each  in  a  separate 
sterile  receptacle  for  transportation. 
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It  is  well  to  remember  that  in  the  last  hours  of  life  the  safeguards 

of  the  body  against  the  entrance  and  growth  of  micro-organisms  may 
be  ineffective,  so  that  the  determination  of  the  significance  of  bacteria 

in  the  tissues  a  short  time  after  death  requires  care  and  experience.^ 

Autopsies  in  Medico-legal  Cases. 

While  every  autopsy  should  be  made  as  carefully  and  completely 
as  circumstances  permit,  it  should  be  always  borne  in  mind  that  in 
examinations  which  may  have  medico-legal  bearings  it  is  of  the  highest 
importance  to  examine  thoroughly  both  macroscopically  and  micro- 

scopically every  part  of  the  body  from  which  light  may  be  derived  as  to 
the  cause  of  death,  for  in  medico-legal  cases  it  is  not  infrequently  as 
important  to  be  able  by  a  complete  examination  to  declare  the  absence 
of  lesions  which  could  cause  death,  as  to  determine  the  presence  of  those 
upon  which  the  opinion  as  to  the  actual  cause  of  death  in  a  particular 
case  rests.  Bearing  this  in  mind,  the  technic  of  autopsy-making  is 
essentially  the  same  whatever  the  ends  which  the  facts  elicited  may  be 
destined  to  serve. 

Autopsies  in  Cases  of  Suspected  Poisoning. 

In  cases  of  suspected  poisoning  which  may  possibly  have  a  medico- 
legal bearing,  the  examination  should  be  made  with  extreme  care  and 

thoroughness.  The  inspection  of  the  body  and  the  examination  of  all 
the  viscera  should  be  thorough  and  detailed.  Every  appearance  should 
be  noted  at  the  time,  and  nothing  left  to  the  memory.  It  is  well  to  have 
an  assistant  record  the  observations  as  they  are  made.  The  disposition 
of  the  parts  and  organs  in  jars  should  be  also  noted  at  the  same  time. 

It  is  important  to  remember  that  many  poisons  destroy  life  without 
producing  appreciable  lesions,  and  also  that  many  cases  of  sudden  death 
occur,  not  due  to  poisons,  and  without  any  discoverable  cause. 

In  bodies  which  are  exhumed  for  examination,  the  tissues  may  be  so 
changed  by  decomposition  that  it  is  impossible  to  say  whether  lesions 
have  or  have  not  existed.  In  such  cases  the  careful  and  separate  preser- 

vation of  the  viscera  and  other  parts  for  chemical  examination,  is  often 
all  that  can  be  done. 

It  is  always  best,  in  cases  of  suspected  poisoning,  to  preserve  for  the 
chemist  not  only  the  stomach  and  intestines,  but  the  entire  liver  and 
brain;  or,  if  only  portions  of  these  can  be  saved,  these  portions  should 
be  carefully  weighed,  as  well  as  the  entire  organs,  and  the  relative 
amount  of  tissue  reserved  carefully  noted  at  the  time.  It  is  even  well, 
particularly  in  cases  in  which  the  administration  of  the  readily  diffusible 
poisons,  such  as  arsenic,  strychnia,  etc.,  is  suspected,  to  preserve  the 
whole  of  all  the  internal  organs,  together  with  a  large  piece  of  muscle 
and  bone;  since  with  large  quantities  of  tissue  the  results  of  the  chemical 

^  For  detAilfl  of  bacterial  flora  of  the  human  body  see  references  pp.  150  and  319. 
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analysis  depend  less  upon  calculations,  and  are  hence  more  compre- 
hensible to  the  average  jury.  In  all  such  cases  jars  should,  if  possible, 

be  procured  which  have  never  been  used  before,  and  these  should  be 
carefully  washed  and  rinsed  with  distilled  water.  They  should  have 
glass  stoppers  and  be  sealed  at  once  and  carefully  labelled  before  leaving 
the  hands  of  the  operator.  If  they  can  be  delivered  to  the  chemist  with- 

out much  delay,  no  preservative  fluid  should  be  added.  If  they  are  to 

be  kept  for  a  considerable  time,  pending  the  action  of  a  coroner's  jury 
or  for  some  other  reason,  a  small  quantity  of  pure  strong  alcohol  may 
be  poured  over  them.  In  this  the  operator  should  be  particular  to 
preserve  a  quantity,  at  least  half  a  pint,  of  the  specimen  of  alcohol  used, 
in  a  clean,  sealed,  and  labelled  bottle,  so  that  this  may  be  tested  by  the 
chemist  and  be  proven  to  be  free  from  the  poison.  It  is  better  in  all 
cases,  however,  to  avoid,  if  possible,  the  use  of  alcohol.  In  all  autop- 

sies which  may  have  medico-legal  importance  full  notes  should  be  taken 
by  an  assistant  as  the  operation  proceeds,  carefully  read  over  immediately 
afterward  and  dated,  and  kept  by  the  operator  for  future  reference. 
The  labelling  and  disposition  of  the  jars  should  be  recorded  in  the  notes. 
The  specimens  should  not  for  a  moment  be  out  of  the  sight  of  the  oper- 

ator until  they  are  placed  under  lock  and  key  and  seal,  or  are  delivered 
to  some  authorized  person,  so  that  there  may  be  no  question  of  their 
identity  should  the  case  come  into  court. 

Examination  of  the  Bodies  of  New-bom  Children.^ 

In  examining  the  bodies  of  new-born  children,  we  may  have  to  determine,  besides 
the  ordinary  lesions  of  disease,  the  age  of  the  child,  whether  it  was  born  alive,  how  long 
it  has  been  dead,  what  was  the  cause  of  death. 

Size,  Age,  and  Characters  of  the  New-born  Child. — The  fresh  corpse  of  a  new- 
born child  at  term  no  longer  resembles  that  of  the  immature  fcetus.  The  skin  is  firm 

and  pale,  Hke  that  of  an  adult.  The  lanugo  has  disappeared  except  on  the  shoulders. 
In  the  majority  of  cases  the  hair  on  the  head  is  1 . 5  to  2  cm.  long.  The  great  fonta- 
nelle  is,  in  the  average,  2  to  3  cm.  long.  As  determined  by  an  analysis  of  661  cases, 
the  average  length  is  50  cm.,  the  weight  3,256  grams.  The  nails  are  hard  and  reach 
to  the  tips  of  the  fingers,  but  not  to  those  of  the  toes.  The  cartilages  of  the  ears  and 
nose  are  hard.  The  labia  are  more  nearly  closed.  An  ossification  centre  in  the  lower 
epiphysis  of  the  femur  should  be  sought  for,  as  its  presence  is  one  of  the  most  reliable 
signs  of  the  maturity  of  the  fcetus.  If  it  is  absent,  the  fcetus  is,  as  a  rule,  not  more 
than  thirty-seven  weeks  old;  but  in  rare  cases  it  may  be  a))sent  at  term.  A  centre  of 
ossification  1  mm.  in  diameter  indicates  an  age  of  thirty-seven  to  thirty-eight  weeks, 
if  the  child  was  born  dead  or  died  soon  after  birth.  Rarely  it  is  no  larger  than  this 
at  term.  A  diameter,  at  birth,  of  1.5  to  9  mm.  indicates  an  age  of  40  weeks.  A 
diameter  of  more  than  9  mm.  indicates,  as  a  rule,  that  the  child  has  lived  some  time 
after  its  birth;  a  less  diameter  than  7  mm.,  however,  does  not  prove  the  contrary. 

Twenty-four  hours  after  the  birth  of  the  child  the  skin  is  firmer  and  paler.  The 
umbilical  cord  is  somewhat  shrivelled,  although  still  soft  and  bluish  in  color.  From 
the  second  to  the  third  day  the  skin  has  a  yellowish  tinge  and  the  cuticle  sometimes 
appears  cracked.     The  umbilical  cord  is  brown  and  dry.     From  the  third  to  the  fourth 

1  The  human  embryo,  according  to  the  estimate  of  His,  measures  in  length  approximatelj'  at  4 
weeks  from  7-8  mm.;  at  5  weeks  13  mm.:  at  the  end  of  the  second  month  25-28  mm.  Schroder  estimates 
the  approximat«  length  of  the  fct'tus  at  later  lunar  months  as  follows:  3d,  70-90  mm.;  4th,  100-170  mm.; 
5th.  180-270  mm.;  6th,  280-340  mm.;  7th,  350-380  mm.;  8th,  425  mm.;  9th.  467  mm.;  lOth,  490-500 
mm.     Consult  for  further  data  McMurrich,  "The  Development  of  the  Human  Body,"  1903,  p.  108,  bibl. 
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day  the  skin  is  yellower,  and  the  cuticle  is  apt  to  separate  from  the  skin.  The  umbili- 
cal cord  is  of  a  brownish  red  color,  flattened,  semi-transparent,  and  twisted.  The 

skin  around  its  insertion  is  red  and  conj^ested. 

Gknkkal  In8PE('TIon. — The  head  should  he  examined  for  the  marks  of  injuries. 
Very  commonly  some  portion  of  the  scalp  will  be  found  swollen  and  infiltrated  with 
blood  and  serum.  This  may  be  the  caput  succedaneum  formed  during  dehvery.  The 
mouth  and  nose  should  l>e  examined  for  the  presence  of  foreign  bodies  which  mi^ht 
have  caused  suffocation. 

The  neck  should  be  examined  for  marks  of  strangulation.  The  umbilical  cord  may 

be  twisted  around  the  child's  neck  and  strangle  it.  The  mark  left  by  the  cord  is  usu- 
ally continuous,  broad,  not  excoriated,  sometimes  accompanied  by  ecch>Tnoses  in  the 

skin. 

The  surface  of  the  body  should  be  examined  for  the  presence  of  vernix  caseosa, 
blood,  marks  of  injury,  and  the  existence  of  putrefaction.  It  should  be  remembered 
that  putrefaction  is  apt  to  commence  earlier  in  the  bodies  of  young  children  than  in 
those  of  adults. 

The  umbilical  cord  may  be  cut  or  torn.  It  usually  separates  by  the  fifth  day,  some- 
times not  until  the  tenth.  If  the  umbilicus  is  cicatrized  and  healed,  the  child  has 

probably  lived  for  three  weeks.  A  zone  of  redness  around  the  insertion  of  the  cord 
may  exist  previous  to  birth.  Redness  and  swelling  (which  may  disappear  after  death) 
with  suppuration  can  be  found  only  in  a  child  which  has  lived  for  several  days.  The 
drying  and  mummification  of  the  cord  may  take  place  as  well  in  dead  as  in  living 
children.  It  is  possible  for  a  child  to  die  by  haemorrhage  from  a  cut  or  torn  cord,  either 
before  or  after  it  has  breathed.  The  umbilical  vessels  should  be  examined,  as  they 
may  be  the  seat  of  umbilical  infection. 

The  extremities  may  exhibit  fracture  of  the  bones.  These  may  occur  during  intra- 
uterine life,  from  injuries  to  the  woman  or  from  unknown  causes;  or  may  be  produced 

by  violence  in  delivery,  or  by  injurie.s  after  birth. 
Internal  Examination. — The  Head. — The  fontanelles  and  sutures  should  first  be 

examined  as  to  their  size  and  for  penetrating  wounds.  An  incision  should  then  be 
made  through  the  scalp  across  the  vertex,  and  the  flaps  turned  backward  and  forward 
as  in  the  adult.  With  a  small  knife  the  edges  of  the  bones  should  be  separated  from 
the  membranous  sutures  and  the  dura  mater,  beginning  low  down  in  the  frontal  and 
going  back  into  the  lam)>doidal  suture  on  either  side.  The  bones  are  then  drawn  out- 

ward and  cut  through  around  the  skull  with  strong  scissors.  The  brain  is  removed 
and  examined  as  in  the  adult.' 

Eff"usions  of  blood  -cej^halhapmatoma — may  be  formed,  soon  after  birth,  between 
the  pericranium  and  bone,  or,  more  rarely,  between  the  dura  and  bone.  Clots  are 
also  found  between  the  dura  mater  and  skull;  between  the  dura  and  pia  mater;  more 
rarely  in  the  substance  of  the  brain,  as  the  result  of  protracted  or  instrumental 
deliveries,  or  of  injuries  after  birth. 

The  cranial  bones  niay  be  malformed,  or  exhibit  the  lesions  of  rickets  or  caries,  or 
be  indented,  fissured,  or  fractured.  These  latter  lesions  may  be  produced  during 
intra-uterine  life  l)y  injuries  to  the  mother,  by  unknown  agencies,  by  diflScult  deliveries, 
or  by  direct  violence  after  birth. 

In  cases  of  chronic  internal  hydrocephalus  in  young  children,  in  which  the  ventri- 
cles are  much  dilated  and  the  brain  substance  is  thinned  over  the  vertex,  the  brain  is 

very  apt  to  be  torn  in  removal,  and  the  amount  of  dilatation  thus  becomes  diflScult  of 
determination.  It  is,  therefore,  better  in  such  cases  to  place  a  pail  of  water  beneath 
the  head,  or  even  immerse  the  latter  in  it,  and  remove  the  brain  in  the  water.  In  this 
way  it  floats  after  removal,  supported  on  all  sides.  It  may  now  be  opened  in  the 
water  and  the  extent  of  the  lesion  determined  at  once,  and  parts  saved  for  microscopi- 

cal examination. 

If  it  be  desired  to  preserve  the  brain  for  demonstration  of  the  lesion  or  for  a 
museum  specimen,  it  should  be  transferred  unopened  to  a  large  jar  containing  5-per- 

cent, formalin.  A  portion  of  the  ventricular  fluid  should  now  be  removed  with  a 
syringe  provided  with  a  small  cannula,  and  replaced  by  formalin.     This  may  be  done 

1  Or  an  incision  through  the  bones  with  a  fine  saw  may  be  made  as  in  the  adult. 
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by  puncturing  the  ventricles  from  below.  The  fluid  in  the  jar,  as  well  as  in  the 
ventricles,  should  be  changed  in  forty-eight  hours.  The  brain  may  then  be  cut  trans- 

versely across,  when  the  degree  of  dilatation  of  the  ventricles,  etc.,  will  be  revealed. 
The  weight  of  the  brain,  according  to  Bischoff,  is  380  grams. 

It  is  normally  much  softer  and  pinker  than  in  the  adult,  the  pia  more  delicate;  both 
may  be  much  congested  or  ansemic  without  knowh  cause.  The  ventricles  contain 
very  little  serum.  Malformations,  apoplexies,  hydrocephalus,  simple  and  tuberculous 
inflammatory  lesions,  are  to  be  looked  for. 

The  Spinal  Cord. — Extravasations  of  blood  between  the  membranes  of  the  cord 
may  occur  from  the  same  causes  as  those  in  the  brain.  Spina  biflda  is  the  most  fre- 

quent malformation. 
The  Thorax  and  Abdomen. — These  are  opened  as  in  the  adult.  The  peritoneal 

cavity  contains  a  very  little  clear  serum.  A  red  fluid  may  be  produced  by  decompo- 
sition.    The  peritoneum  is  often  the  seat  of  intra-uterine  inflammation. 

The  Diaphragm. — In  still-born  infants  its  convexity  reaches  to  the  fourth  or  fifth 
rib.  After  respiration  it  reaches  a  point  between  the  fourth  and  seventh  ribs.  Its 
position  is,  however,  so  variable  that  it  is  of  Uttle  diagnostic  importance. 

The  Thorax. — The  thymus  gland,  at  this  period  very  large,  occupies  the  upper  por- 
tion of  the  anterior  mediastinum,  covering  the  trachea  and  large  vessels.  Its  average 

weight  is  about  15.5  grams.  It  is  usually  about  5  cm.  long,  3 . 8  cm.  wide  at  its  lower 
part,  and  about  .63  to  .85  cm.  in  thickness.  It  may  be  hypertrophied  and  compress 
the  large  vessels,  or  be  inflamed  and  suppurating. 

The  heart  lies  more  nearly  in  the  median  line  than  in  the  adult.  It  weighs  from 
20  to  24  grams.  The  ventricular  walls  are  of  nearly  equal  thickness.  The  pericar- 

dium contains  very  little  serum.  A  considerable  quantity  of  red  fluid  may  accumu- 
late here  as  a  result  of  decomposition.  There  may  be  small  extravasations  of  blood 

beneath  the  pericardium  in  still-born  children  and  in  those  born  alive.  Pericarditis 
with  effusion  of  serum  and  fibrin,  and  endocarditis  with  consequent  changes  in  the 
valves,  may  exist  before  birth.  Malformations  and  malpositions  of  the  heart  and 
large  vessels  are  not  infrequent.  Small  soft  reddish  nodules  may  be  present  on  the 
edges  of  the  valves  which  are  remnants  of  the  fcetal  mucous  tissue,  but  may  be  mis- 

taken for  the  marks  of  endocarditis.  The  time  of  closure  of  the  foramen  ovale  and 

the  ductus  arteriosus  varies  very  widely  in  different  cases. 
The  pleural  cavities  contain  very  little  serum,  but  decomposition  may  lead  to  the 

accumulation  of  a  considerable  quantity  of  red  fluid.  Small  extravasations  of  blood 
in  the  subpleural  tissue  may  be  found  in  children  who  have  died  before  birth  and  after 
protracted  labors.  Inflammation,  with  exudation  of  serum,  fibrin,  and  pus,  may 
exist  before  birth. 

The  lungs  in  a  still-born  child  are  small,  do  not  cover  the  heart,  are  situated  in  the 
upper  and  posterior  portions  of  the  thorax,  are  of  a  dark  red  color  and  of  firm,  liver- 

like consistence,  and  do  not  crepitate.  In  a  child  born  alive,  and  which  has  respired 
freely,  the  lungs  fill  the  thoracic  cavity,  but  do  not  cover  the  heart  as  much  as  in  the 
adult;  they  are  of  a  light  red  or  pink  color,  and  crepitate  on  pressure.  If  respiration 
has  been  incompletely  performed,  we  find  various  intermediate  conditions  between 
the  fcBtal  and  inflated  states. 

If  any  doubt  exists  as  to  respiration  having  taken  place,  it  is  customary  to  employ 
the  hydrostatic  test.  This  is  done  by  placing  the  lungs,  first  together,  then  separately, 
and  afterward  cut  into  small  pieces,  in  water.  It  is  commonly  said  that  if  they  sink 
the  child  has  not  breathed;  if  they  float  it  has.  This  test  is  not,  however,  a  certain 

one.* The  lesions  of  inflammation,  and  vesicular  and  subpleural  emphysema,  may  be 
found  in  the  lungs  of  new-born  children. 

The  pharynx  should  be  opened  and  examined  for  foreign  bodies. 
The  larynx  and  trachea  should  be  examined  for  the  lesions  of  inflammation  and  for 

injuries  to  the  cartilages. 
The  thyroid  gland  weighs  about  12  grams.  It  may  be  so  enlarged  as  to  interfere 

with  respiration. 

*  See  works  on  medical  jurisprudence. 
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The  Abdomen. — The  kidneys  are  lobulated  and  proportionately  larger  than  in  the 
adult.  Thoma  estimates  the  average  weight  of  both  organs  together  as  23 . 6  grams. 
There  may  be  ecchymoses  on  their  surface;  inflammation;  deposits  of  uric  acid  and 
urates  in  the  tubules  of  the  pyramids;  cystic  dilatation  of  the  tubules,  sometimes 
reaching  an  enormous  size.  There  may  be  absence  or  retarded  development  of  one 
kidney.     Malformations  and  ma^ositions  of  the  kidneys  are  of  frequent  occurrence. 

The  adrenals  are  large.     They  may  be  dilated  into  large  cysts  filled  with  blood. 

The  s'pleen  is  large  and  firm.  Its  average  weight  is  about  11  grams.  It  may  be 
abnormally  enlarged,  and  its  surface  is  sometimes  covered  with  fresh  inflammatory 
exudations. 

The  Intestines. — In  the  small  intestines,  inflammation  and  swelling  and  pigmenta- 
tion of  the  solitary  and  agminated  follicles  (lymph-nodules)  are  sometimes  found. 

The  large  intestine  usually  contains  meconium,  but  this  may  be  evacuated  before  or 
during  birth.     The  sigmoid  flexure  is  not  as  marked  as  in  the  adult. 

The  formation  of  gas  in  the  stomach  and  intestines  does  not  usually  take  place 
until  respiration  is  established.  If  decomposition  has  commenced,  however,  gas  may 
be  formed  as  a  part  of  the  process. 

The  liver  is  of  a  dark  red  color,  is  large,  and  contains  much  blood.  Its  size  dimin- 
ish€»s  after  respiration  is  established.  Its  average  weight  is  118  grams.  The  size  is  so 
variable,  before  and  after  respiration,  that  it  gives  little  information  as  to  the  age  of 
the  child.  Large  extravasations  of  blood  are  sometimes  found  beneath  the  capsule  of 

the  liver  without  known  cause.  A  variety  of  pathological  conditions,  fatty  and  w^axy 
degeneration,  gummy  tumors,  etc.,  may  be  found. 

The  bladder  may  be  full  or  empty,  both  in  still-born  children  and  in  those  which 
have  breathed.     Dilatation  and  hypertrophy  may  exist  during  intra-uterine  life. 

Generative  Organs. — The  external  generative  organs  in  both  males  and  females  are 
more  prominent  than  in  adults.  The  ovaries  are  high  up  in  the  pelvis  and  large;  the 
cervix  uteri  is  long;  the  body  small  and  lax,  resting  forward  against  the  bladder. 
Phimosis  in  the  males  is  the  normal  condition.  Malpositions  and  retarded  develop- 

ment of  the  testicles  should  be  noticed.  It  should  be  observed  whether  the  anus  is 

perforate. 
The  bones,  in  suspected  cases,  should  be  examined  for  the  lesions  of  inflammation, 

rickets,  and  syphilis. 
Preservation. — The  various  foetal  tissues  may  be  preserved  by  the  same  methods 

as  are  emploj^ed  for  those  of  the  adult;  but  as  they  are  very  delicate  they  should  be 
handled  with  great  care  and  the  preservative  fluids  changed  with  sufficient  frequency. 



CHAPTER  II. 

GENERAL '  METHODS    OF    PRESERVING    PATHOLOGICAL    SPECI- MENS AND  PREPARING  THEM  FOR  STUDY. 

It  is  not  our  purpose  in  this  section  to  give  a  complete  account  of 
the  technical  procedures  required  in  the  study  of  pathological  specimens, 
since  the  methods  are  for  the  most  part  identical  with  those  employed  in 
the  study  of  normal  tissues,  with  which  the  student  or  practitioner  is 
presumably  already  familiar.  We  wish  simply  to  give  a  few  brief  hints 
as  to  the  most  useful  methods  for  the  ordinary  purposes.  Additional 
suggestions  will  be  found  in  parts  of  the  book  dealing  with  special  tissues 
and  organs;  but  for  the  technical  details  of  many  methods  which  are 

invaluable  for  special  purposes,  one  may  consult  the  ''Pathological 
Technique"  of  Mallory  and  Wright,  Wood's  "Chemical  and  Microscopical 
Diagnosis,''  or  other  works  on  clinical  pathology. 

The  Study  of  Fresh  Tissues. 

Although  for  the  most  part  the  conditions  for  the  minute  study  of 
tissues  are  more  favorable  after  these  have  been  fixed  and  hardened  by 
a  suitable  chemical  agent,  it  is  yet  in  many  cases  very  important  to 
examine  them  in  the  fresh  state.  "• 

In  this  condition  many  of  the  degenerative  changes  in  cells  are  more 
clearly  seen  than  after  fixation,  while  the  study  of  living  cells  in  indif- 

ferent fluids  with  various  stains  may  throw  much  light  upon  vital  phe- 
nomena and  the  changes  which  supervene  when  life  ceases  and  the  cell 

falls  under  the  sway  of  the  simple  physical  and  chemical  forces. 
Fresh  tissues  may  be  teased  apart,  mounted  and  studied  in  physio- 

logical salt  solution  (sodium-chlorid  solution  0.85  per  cent.),  which  may 
also  be  used  to  separate  by  dilution  the  structural  elements  of  exudates, 
pus,  etc.  For  the  more  delicate  studies,  blood  serum,  or  ascitic  or  hydro- 

cele fluids,  maintained  in  a  sterile  condition,  may  be  used. 
The  study  of  living  cells  is  often  greatly  facilitated  by  the  addition  to 

the  physiological  salt  solution  of  a  small  proportion  of  some  stain — ^from 
0.01  to  0.1  of  neutral  red  to  100  of  the  salt  solution,  or  methylene  blue 

1  to  20,000  of  the  salt  solution. ^ 
In  the  method  of  Arnold^  the  cells  are  protected  from  pressure  of  the 

cover-glass  and  the  study  facilitated  by  the  use  of  thin  sections  of  dried 

»  Consult  for  theory  of  vital  staining  Rtaiclia,  Zeita.  f.  wiss.  Mik.,  Bd.  xxii.,  p.  91,  1905.     For 
colorability  of  living  cells  see  Coco,  Cbl.  f.  allg.  Path.,  Bd.  xiii.,  p.  604,  1902. 

2  Arnold,  Munch,  med.  Wochenschr.,  p.  585,  1906. 
1027 
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elder  pith  dipped  in  the  fluid  containing  the  living  cells  and  tinged  with 
the  coloring  agent. 

For  the  methods  of  studying  the  circulation  on  the  curarized  frog 
see  page  111. 

Rapid  Fixation  and  Frozen  Sections. 

A  rapid  fixation  and  development  of  detail  in  structural  elements  in 
fluids  may  be  secured  by  allowing  a  drop  of  formalin  to  run  under  the 

cover-glass  and  mingle  with  the  salt  solution,  the  flow  being  directed  by 
a  bit  of  filter  paper  put  close  to  the  edge  of  the  cover-glass  on  the  side 
opposite  to  that  on  which  the  fixative  is  added.  The  formahn  may  be 
washed  out  by  water  and  the  latter  replaced  by  dilute  methylene  blue 
for  staining. 

When  an  immediate  diagnosis  of  a  solid  tissue  is  required,  useful 
results  may  sometimes  be  obtained  by  a  combination  of  the  freezing 

method  with  the  use  of  formalin  as  a  fixative  as  suggested  by  Cullen.* 
Any  form  of  freezing  microtome  and  either  ether  or  liquid  carbonic  acid 
may  be  used. 

Cullen's  procedure  is  as  follows:  The  frozen  sections  are  put  in  a  5 
per-cent.  watery  solution  of  formalin  for  from  three  to  five  minutes; 
in  50-per-cent.  alcohol  for  three  minutes;  in  absolute  alcohol  for  one 
minute.  They  are  now  washed  in  water,  stained  with  haematoxylin, 
decolorized  in  acid  alcohol  (1-per-cent.  hydrochloric  acid),  rinsed  in 
water,  contrast-stained  and  dehydrated  with  eosin  alcohol,  cleared  with 
creosote  or  oil  of  cloves,  and  mounted  in  balsam.  The  tissues  shrivel 
considerably  by  this  method.  The  disintegration  of  the  sections  and 
especially  the  considerable  shrinkage  which  they  undergo  on  treatment 
with  alcohol,  may  be  largely  obviated  by  spreading  the  sections,  as  they 
thaw,  on  an  albumen  fixative  film  upon  a  cover-glass  or  slide — see  below 
— and  conducting  the  hardening  and  staining  manipulations  with  the 
specimen  in  position  upon  the  glass. 

HodenpyP  has  found  that,  when  time  permits,  satisfactory  results 
are  secured  by  placing  very  small  pieces  of  the  fresh  tissue  for  ̂ n  hour 

in  5-per-cent.  solution  of  formalin;  then,  after  washing  out  the  forma- 
lin, making  frozen  sections  in  the  usual  way.  The  sections  are  now- 

dropped  for  a  moment  into  a  solution  of  egg  albumen  of  the  following 
composition: 

Egg  Albumen    10 
Sodium  Carbonate      1 
Water    30 

Add  a  lump  of  camphor  to  prevent  decomposition. 

The  sections  are  now  spread  on  the  slide,  the  excess  of  fluid  being 
drained  off,  and  are  pressed  against  the  glass  with  a  bit  of  fine  cheese 
cloth.     They  are  finally  fixed  in  place  by  a  short  immersion  in  strong 

1  Cullen,  Johns  Hopkins  Hospital  Bulletin,  vol.  vi.,  p.  67,  1895. 
^  Hodenpyl.  "A  Modification  of  Cullen 's  Method  of  Preparing  Fresh  Sections  for  Microscopic 

Work,"  Medical  Record,  vol.  liii.,  p.  351,  1898. 
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alcohol.  The  section,  now  fast  on  the  glass,  is  stained  and  mounted,  in 
situ.  This  procedure,  which  can  be  carried  out  in  a  little  more  than  an 
hour,  gives  a  fair  chance  for  an  early  morphological  diagnosis  in  solid 
tissues,  though  the  minute  structural  details  are  often  much  altered. 

Fixation,  Hardening  and  Preservation. 

Alcohol  is  the  most  commonly  employed  fixative  and  hardening 
agent  for  routine  purposes.  It  is  used  in  the  strength  of  from  80  to 
95  per-cent.  at  first,  the  pieces  of  tissue  to  be  hardened  not  being 
larger  than  1  or  2  cubic  centimetres.  There  should  be  in  bulk  many 
times  as  much  alcohol  as  tissue  to  be  hardened.  A  little  absorbent 

cotton  may  be  placed  in  the  bottle  to  keep  the  blocks  of  tissue  from 
sticking  to  the  bottom.  ATter  twenty-four  hours  the  alcohol  should 
be  renewed.  On  the  third  day  the  tissue  is  transferred  to  97  per-cent. 
or  to  absolute  alcohol  for  completion  of  the  hardening,  which  will  usually 
be  within  five  or  six  days. 

While  for  many  purposes  other  and  more  delicate  methods  of  harden- 
ing tissues  are  to  be  recommended,  alcohol  is  most  useful  for  solid  tissues 

in  which  bacteria  are  to  be  sought,  for  such  specimens  as  are  not  quite 
fresh  and  in  which  the  process  of  decay  is  to  be  immediately  checked, 
and  in  general  for  tissues  in  which  the  determination  of  topographical 
features  for  diagnostic  or  other  purposes  is  the  chief  end  in  view. 

Formalin,  or  formol,  is  the  trade  name  for  a  37-per-cent.  aqueous 
solution  of  formaldehyde.  In  diluted  solutions  it  is  a  valuable  fixative 
for  delicate  tissues.  It  is  most  commonly  used  in  a  solution  of  10  parts 
(of  the  commercial  formalin)  to  90  of  water.  The  fresh  tissues,  in  small 

pieces,  are  put  in  this  solution  for  forty-eight  hours,  the  fluid  being 
renewed  at  the  end  of  twenty-four  hours.  They  are  then  transferred 
to  60-per-cent  alcohol  for  twenty-four  hours,  and  the  hardening  is 
completed  with  strong  alcohol. 

Muller's  FLUID,  which  has  been  much  used  as  a  hardening  agent, 
has  the  following  composition: 

Potassium  bichromate      2  parts. 
Sodium   sulphate    1  part. 
Water        100  parts. 

Miiller^s  fluid  is  now  most  often  used  in  combination  with  other 
fixatives. 

Thus  Orth^s  fluid,  which  is  Muller's  fluid  to  100  parts  of  which  10  parts 
of  commercial  formalin  are  added,  is  a  most  valuable  agent  for  fixing  and 
hardening  delicate  cells.  The  mixture  should  be  made  at  the  time  of 
using  because  it  soon  changes.  The  pieces  of  tissue  should  be  small,  the 
fluid  largely  exceeding  the  tissue  in  bulk.  The  hardening  is  completed 
in  three  or  four  days,  when  the  specimens  should  be  thoroughly  washed 

in  water  and  preserved  in  80-per-cent.  alcohol. 
OsMic  ACID  is  of  great  value,  especially  in  combination,  for  the 

hardening  of  small  portions  of  delicate  tissues,  since  it  serves  to  fix  the 
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elements  in  a  nearly  normal  condition  and  stains  them  brown  or  black. 
Osmic  acid  stains  most  forms  of  fat  black  and  on  this  account  is  a  valuable 

agent  for  the  detection  of  this  substance  in  the  tissues.  It  is  generally 

used  in  1-per-cent.  aqueous  solution,  the  tissues,  in  very  small  pieces 
and  when  quite  fresh,  being  placed  in  it  and  allowed  to  remain  for  twenty- 
four  hours.  They  are  now  washed  thoroughly  in  water  and  may  be 

preserved  in  80-per-cent.  alcohol. 

Flemming's  Osmic  Acid  Mixture. — ^For  the  purpose  of  fixing  delicate 
tissue  elements  to  show  minute  structural  detail,  such  as  mitotic  figures, 
this  mixture  is  of  great  value.     It  is  made  of 

1-per-cent.  solution  of  chromic  acid    15  parts. 
2-per-cent.  solution  of  osmic  acid    4  parts. 
Hydric  acetate,  glacial   ^    1  part. 

This  mixture  does  not  keep  well,  and  hence  should  be  made  up  in  small 
quantities.  Small  portions  of  tissue  should  soak  in  the  mixture  for 

twenty-four  hours,  then,  after  thorough  washing  in  water,  they  are  put 
for  twenty-four  hours  in  70-per-cent.  alcohol,  and  then  in  strong  alcohol, 
in  which  they  are  kept. 

Corrosive  Sublimate. — This  is  a  most  excellent  fixative  for  delicate 

structures.     A  convenient  form  is  Lang^s  Solution.     Its  formula  is: 

Mercuric  chlorid    5  gms. 
Sodium  chlorid    6  gms. 
Hydric  acetate,  glacial    5  c.c. 
Water    100  c.c. 

The  tissues  should  remain  in  sublimate  solution,  as  a  rule,  not  longer 
than  from  one  to  three  hours. 

Specimens  fixed  in  sublimate  develop  a  mercurial  precipitate,  do  not 
stain  well,  and  become  brittle  unless  the  excess  of  sublimate  is  removed. 
This  can  be  largely  done  by  prolonged  washing  in  running  water.  But 
it  is  much  more  easily  and  certainly  accomplished  by  the  chemical  action 
of  dilute  iodin  solution.  The  specimen  is  removed  from  the  sublimate 

mixture  and  put  at  once  into  70-per-cent.  alcohol.  To  this  is  added 
from  time  to  time  a  sufficient  quantity  of  saturated  alcoholic  solution  of 
iodin  (or  tincture  of  iodin)  to  give  the  alcohol  a  moderately  deep  iodin 
color.  At  first  this  color  gradually  disappears,  and  the  iodin  solution 
should  be  repeatedly  added  until  the  color  persists.  The  specimens 

are  now  transferred  to  70-per-cent.  alcohol,  and,  after  tw^enty-four-hours, 
to  strong  alcohol. 

Zenker  ̂ s  fluid  is  a  good  fixative  and  acts  rapidly.  It  is  a  combina- 
tion of  Muller's  fluid  and  corrosive  sublimate  with  acetic  acid.  Its 

formula  is: 

Potassium  bichromate    2  parts. 
Sodium  sulphate    1  part. 
Mercuric  chloride    5  parts. 
Hydric  acetate,  glacial    5  parts. 
Water    90  part^. 



METHODS    OF    PRESERVING    PATHOLOGICAL    SPECIMENS  1031 

The  acetic  acid  should  be  added  at  the  time  of  using,  since  the  com- 
plete mixture  readily  decomposes.  Small  pieces  of  tissue  may  be  hard- 
ened in  this  solution  in  from  twenty-four  to  forty-eight  hours.  They 

should  then  be  carefully  washed  and  preserved  in  80-per-cent.  alcohol. 
The  use  of  iodin  to  remove  the  excess  of  sublimate,  as  described  under 

Lang's  solution  above,  is  desirable  here  also. 
Pathological  specimens  which  occur,  or  are  isolated,  in  the  form  of 

membranes,  should  be  stretched  with  pins  on  a  piece  of  wood  or  flat 
cork  before  being  immersed  in  the  preservative  fluids.  Minute  struc- 

tures, such  as  occur  in  exudates  from  the  mucous  membranes  and  in 

cyst  fluids,  renal  casts,  etc.,  may  be  hardened  in  Flemming's  osmic-acid 
mixture  or  in  formalin  followed  by  alcohol.  Under  these  conditions 
renewals  or  changes  of  the  fluids  may  be  effected  in  tubes  by  the  use  of 
the  centrifugal  machine.  The  specimens  may  finally  be  preserved  in 
80-per-cent.  alcohol. 

Decalcifying. 

Bones  which  are  the  seat  of  lesions,  and  calcified  tissues,  must  be 
freed  from  lime  salts  before  thin  sections  can  be  made. 

Tissues  which  are  to  be  decalcified  should  be  in  small  pieces  and  first 
well  hardened  in  alcohol  or  in  Orth  's  fluid. 

Rapid  decalcification  may  be  secured  by  the  combination  with  nitric 
acid  of  phloroglucin,  the  latter  agent  preventing  the  swelling  of  the  tissue 
elements.  One  gram  of  phloroglucin  is  dissolved  with  gentle  heat  in  5 
cubic  centimetres  of  nitric  acid.  This  solution,  when  effervescence  has 
ceased,  is  of  a  ruby  red  color.  To  this  are  added  70  cubic  centimetres 
of  strong  alcohol  and  30  cubic  centimetres  of  water.  This  solution 
deteriorates  with  age.  Small  pieces  of  bone  or  other  tissue  are  suspended 
by  thread  in  relatively  large  quantities — at  least  twenty  times  the  bulk 
of  the  specimens — of  this  fluid.  In  from  one  to  twenty-four  hours, 
depending  upon  the  size  of  the  piece  of  bone,  the  decalcification  is  usually 
complete.  The  specimen  is  now  washed  thoroughly  in  running  water; 
put  for  twenty-four  hours  in  80-per-cent.  alcohol  and  then  in  strong 
alcohol.  Bone  decalcified  in  this  way  may  be  stained  with  hajmatoxylin 
and  eosin. 

Embedding  and  Section  Cutting. 

EBIBEDDIN6. 

Some  dense  tissues,  after  being  well  hardened,  are  sufficiently  solid  to 
permit  of  thin  sections  being  made  from  them  without  further  prepara- 

tion, but  in  most  cases  very  thin  sections  cannot  be  prepared  without 
filling  the  interstices  of  the  tissue  with  some  embedding  material,  which 
gives  it  greater  consistence  and  holds  the  tissue  elements  firmly  in  their 
natural  relations  to  one  another,  while  the  section  is  being  made.  Cel- 
loidin  and  paraffin  are  the  most  generally  useful  materials  for  this  purpose. 

Celloidin,  a  non-explosive,  purified  form  of  gun-cotton,  is  best 
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obtained  in  the  form  of  thin  shavings,  since  in  this  form  it  is  most  easily 

dissolved.  A  G-per-cent  solution  is  made  in  equal  parts  of  sulphuric 
ether  and  strong  alcohol.  The  specimen  in  small  pieces  is  soaked  for 
twelve  hours  in  this  celloidin  solution  diluted  with  an  equal  amount  of 

the  mixture  of  alcohol  and  ether,  then  for  twelve  hours  in  the  6-per- 
cent, celloidin  solution.  If  the  specimen  be  small  and  require  but  little 

support,  it  may  now  be  laid  directly  on  the  end  of  a  small  block  of  wood 
or  cube  of  glass  or  vulcanite,  and  a  few  drops  of  celloidin  poured  around 
it.  In  most  cases,  however,  it  is  better  to  make  a  small  paper  box,  in 
which  the  specimen  is  placed  in  a  proper  position,  and  the  celloidin 

poured  in  around  it  so  as  completely  to  enclose  it.  In  either  case  a  con- 
siderable quantity  of  celloidin  should  be  poured  around  the  specimen, 

since  the  celloidin  shrinks  considerably  in  hardening.  The  paper  box 
may  be  made  by  winding  a  strip  of  thin  paper  around  the  end  of  the 
supporting  block,  allowing  it  to  project  for  a  sufficient  distance  beyond 
the  end.  The  paper  is  held  in  place  by  a  rubber  band.  We  have  thus 
a  cylindrical  box  with  a  solid  bottom  projecting  below  it  by  which  the 
whole  can  be  held  in  the  clamp  of  the  microtome. 

After  the  specimen,  either  free  on  the  end  of  the  block  or  in  its  box, 
is  surrounded  by  celloidin,  it  should  be  allowed  to  stand  for  a  short  time 
exposed  to  the  air,  so  that  the  celloidin  may  harden  on  the  outside  by  the 
evaporation  of  the  ether.  If  the  temperature  be  high,  the  too  rapid 
evaporation  of  the  ether  will  cause  bubbles  to  appear  in  the  mass.  This 

should  be  avoided  by  covering  the  specimen  with  a  bell-jar.  After  the 
celloidin  mass  has  acquired  sufficient  hardness  on  the  outside  to  keep  its 

shape,  the  whole  should  be  placed  in  80-per-cent.  alcohol,  in  which 
the  celloidin  will  harden  and  acquire  a  sufficient  consistence  for  cutting 
in  a  few  hours.  When  this  is  accomplished  the  paper  may  be  stripped 
off,  and  the  specimen  is  ready  for  sectioning. 

After  the  sections  have  been  cut  they  may  be  stained  in  the  usual  way 
(see  below)  and  mounted  in  glycerin  or  balsam.  If  mounted  in  balsam, 
the  oil  of  origanum  cretici  is  used  for  clearing. 

The  uncut  portion  of  tissue  may  be  preserved,  embedded  in  celloidin, 

by  keeping  it  in  80-per-cent.  alcohol.  It  is  better,  in  permanent  pre- 
servation of  uncut  celloidin-embedded  specimens  in  bulk,  to  cut  them 

off  from  the  wooden  blocks,  since  alcohol  extracts  from  these  a  dark 

resinous  material  which  colors  the  specimen  and  interferes  w*ith  the 
staining  of  sections.  If  glass  or  vulcanite  blocks  be  used,  the  whole  may 
be  kept  in  alcohol. 

Stepanow  has  recently  devised  a  more  rapid  procedure  in  celloidin 
embedding.  The  celloidin  solution  is  made  by  the  following  formula,  a 
few  days  being  required  for  dissolving: 

Celloidin    15  gm. 
Oil  of  cloves    50  c.c. 
Ether      200  c.c. 
Absolute  alcohol       10  c.c. 

The  hardened  specimen  is  transferred  from  strong  alcohol  to  a  small 
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portion  of  the  solution  in  a  closed  bottle.  In  from  three  to  six  hours  a 
small  piece  of  ordinary  tissue  is  usually  impregnated.  It  is  then  put  in 
position  on  the  mounting  block  and  placed  in  pure  chloroform.  In  this 
the  proper  consistency  for  section  cutting  is  secured  in  from  two  to  three 
hours,  after  which  the  whole  is  transferred  to  80-per-cent.  alcohol.  If 
the  specimen  remaining  after  sections  have  been  secured  is  to  be  kept,  it 
should  be  removed  from  the  block  and  placed  in  chloroform. 

For  further  details  of  this  method  see  the  original  description.^ 
Paraffin. — For  some  purposes,  especially  when  extremely  thin 

though  not  large  sections  are  required,  paraffin  embedding  is  almost 
indispensable.  The  sections  of  tissues  thus  embedded  may  be  cut 

exceedingly  thin  (2  to  3  ̂,  or  even  1  /i,  with  the  Minot-Blake  microtome), 
and  when  these  are  fixed  to  the  slide  and  appropriately  stained,  the  con- 

ditions for  the  study  of  cytological  details  are  more  favorable  than  by 
any  other  method.  For  the  paraffin  technique  the  specimen  should  be 

small,  say  one-half  cubic  centimetre  as  a  maximum  limit.  The  specimen, 
freed  from  the  preservative  fluid,  is  dehydrated  by  graded  alcohols  as 

follows:  30-per-cent.,  50-per-cent.,  70-per-cent.,  85-per-cent.,  and  finally 
95-per-cent.,  remaining  in  each  of  these  alcohols  for  two  or  several  hours, 
and  is  then  placed  in  absolute  alcohol.  Complete  dehydration  of  the 
specimen  is  indispensable,  for,  if  the  slightest  trace  of  water  be  left  in 
the  specimen,  shrinkage  or  other  artificial  changes  in  the  tissue  are  apt 
to  occur,  when  the  specimen  is  transferred  to  the  clearing  media  prepara- 

tory to  immersion  in  the  melted  paraffin. 
When  the  specimen  is  thoroughly  dehydrated  by  absolute  alcohol,  it 

may  be  put  in  xylol  or  oil  of  cedar,  remaining  in  this  until  it  sinks  and 
becomes  clear.  It  is  then  immersed  in  a  small  dish  or  glass  box  of 

melted  paraffin,  kept  in  a  constant  temperature  bath  held  at  52°  C, 
where  it  remains  until  completely  permeated  by  the  paraffin.  It  is  best 

to  use  paraffin  which  has  a  melting-point  of  50°  C.  After  the  specimen 
has  remained  for  a  while  in  the  first  dish  of  melted  paraffin,  it  is  trans- 

ferred to  a  second  and  then  to  a  third  dish  of  the  same,  in  order  to  remove 
any  clearing  oil  remaining  in  the  specimen.  The  length  of  time  of  the 
paraffin  immersion  depends  upon  the  size  and  density  of  the  specimen; 

usually  one-half  hour  is  sufficient  for  small,  soft,  or  porous  fragments, 
an  hour  or  one  and  a  half  hours  for  larger  and  denser  tissues.  A  longer 
period  of  immersion  may  interfere  w4th  the  finer  structural  details  of  the 
tissues. 

A  small  paper  box  considerably  larger  than  the  specimen  itself  is 
filled  with  melted  paraffin,  and  with  a  warm  needle  or  forceps  the  speci- 

men is  transferred  to  the  paper  box  and  set  in  its  proper  position  in  the 
bottom,  so  that  the  surface  to  be  cut  lies  against  the  bottom  of  the  box. 
In  order  to  avoid  the  slow  cooling  of  the  paraffin  around  the  specimen  in 
successive  layers,  which  prevents  the  formation  of  a  homogeneous  mass, 
the  paper  box  with  its  contents  is  quickly  cooled  by  being  put  into  cold 
water,  even  iced  water.  When  the  paraffin  block  is  hard,  it  is  fastened 

w^ith  paraffin  on  to  one  of  the  various  discs  belonging  to  the  paraffin 
•  Stepanou\  Zeitschr.  f.  wisi»enschaftl.  Mikroacopie,  B<1.  xvii.,  p.  185,  1900. 
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microtome,  trimmed  so  as  to  have  a  rectangular  cutting  surface,  and 
sections  are  cut  with  a  dry  knife.  In  order  to  stain  these  sections, 
the  paraffin  must  be  removed  from  the  interstices;  this  may  be  done  with 
xylol.  But  when  the  supporting  paraffin  is  removed  from  the  sections 
they  are  liable  to  fall  to  pieces  during  the  further  staining  and  other 
manipulations.  The  only  practical  plan  therefore  with  the  great  major- 

ity of  paraffin  sections  is  to  affix  them  to  a  slide  and  carry  them  in  this 
way  through  the  various  staining  and  mounting  procedures. 

The  best  way  of  affixing  deli«ate  paraffin  sections  to  a  slide  is  by 
means  of  a  thin  film  of  albumen.  Equal  parts  of  white  of  egg  and 
glycerin  are  thoroughly  stirred  together,  filtered  through  paper,  and  a 
small  amount  of  carbolic  acid  is  added  to  prevent  the  growth  of  micro- 

organisms. A  very  small  drop  of  this  albumen  mixture  is  placed  on  one 
end  of  the  slide,  and  with  the  ball  of  the  finger  or  a  fold  of  cloth  it  is 
spread  over  the  rest  of  the  slide  in  as  thin  a  film  as  possible.-  While  this 
scarcely  perceptible  film  of  albumen  fixative  is  still  moist,  the  paraffin 
sections  or  the  ribbons  of  serial  sections,  divided  into  proper  lengths,  are 

laid  upon  the  film  and  gently  tapped  down  flat  with  a  small  camel's-hair 
brush  or  the  finger-tip.^ 

The  slide  with  the  attached  paraffin  sections  is  now  heated  over  a 
flame,  warmed  just  sufficiently  to  begin  to  melt  the  paraffin;  this  is  a  very 
delicate  point  in  the  operation.  Just  enough  heat  must  be  used  to  melt 
the  paraffin  and  no  more.  If  the  slide  be  heated  beyond  this  point,  the 
sections  may  be  shrunken  or  completely  ruined.  While  the  slide  is  still 
warm,  it  is  plunged  into  a  jar  of  xylol,  oscillated  to  and  fro  a  few  seconds, 
then  placed  in  a  jar  of  absolute  alcohol,  then  passed  through  a  series  of 
jars  containing  different  strengths  of  alcohol — 95-per-cent.,  70-per-cent., 
50-per-cent.,  and  30-per-cent.,  remaining  a  few  minutes  in  each,  and 
finally  into  water.  Now  the  sections  upon  the  slide  may  be  stained  in 
whatever  way  desired,  carried  up  through  the  graded  alcohols  to  absolute 
alcohol,  then  cleared  in  xylol  or  other  clearing  media,  and  mounted  in 
balsam. 

Tightly  covered  cylindrical  jars — ^the  Coplin  jar  is  excellent — or  wide- 
mouthed  bottles  are  used  for  the  better  manipulation  of  paraffin  sections, 
the  whole  slide  being  dropped  into  the  receptacle  for  staining  as  well  as 
for  the  dehydration  and  clearing. 

SECTION  CUTTING. 

This  may  be  done  in  an  emergency  by  the  free  hand  with  a  razor 
ground  flat  on  the  lower  side,  but  better  sections  can  be  obtained  by 
means  of  a  microtome,  and  practically  all  section  cutting  for  microscop- 

^  Not  infrequently  very  thin  paraffin  sectiona  curl  or  become  corrugated  as  they  leave  the  knife, 
so  that  it  is  difficult  to  place  them  flat  upon  the  fixative  fihn.  Should  this  occur,  a  few  drops  of  water 
may  bo  spread  out  in  a  thin  layer  over  the  albumen  fihn  while  it  is  still  moist  on  the  side,  and  the 
whole  slide,  with  the  layer  of  water  upon  its  surface,  is  very  gently  heat«d  over  the  flame — ^just  suffi- 
cinetly  to  soften  but  not  to  melt  the  paraffin.  If  the  sections  are  then  floated  on  the  warm  layer  of 
water,  they  will  uncurl  and  flatten  out.  The  water  is  then  drained  oflf,  when  the  flattened  sections  will 
lie  flat  upon  the  fixative  film  and  remain  fastened  there.  All  traces  of  the  wat«r  are  now  allowed  to 
evaporate  in  the  air;  or,  the  evaporation  of  the  water  may  be  hastened  by  exposure  to  a  temperature 
four  or  five  degrees  below  the  melting-point  of  the  paraffin. 
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ical  purposes  is  done  by  some  form  of  this  instrument.  One  of  the 
most  useful  of  these  is  Thoma's.  The  Schanze  microtome  is  also  well 
adapted  for  general  work,  as  are  some  of  the  American  instruments 
made  on  the  same  plan.  For  cutting  sections  of  tissues  embedded  in 
paraffin,  and  especially  for  serial  sections,  the  Minot  microtome  of  the 
improved  form — the  Blake-Minot  microtome  can,  in  skilled  hands,  cut 
sections  1  /t  in  thickness — is  excellent. 

Methods  of  Staining. 

Sections  of  hardened  tissues  may  be  stained  for  microscopical  study 

in  a  variety  of  ways,  but  for  routine  work  the  double  staining  with  haema- 
toxylin  and  eosin  is  most  generally  useful,  and  is  applicable  to  nearly 
all  cases. 

HEMATOXYLIN  solutiou  (Delafield 's)  is  prepared  as  follows:  To  100 
cubic  centimetres  of  saturated  solution  of  ammonia  alum  add  1  gram  of 

hflematoxylin  crystals  dissolved  in  6  cubic  centimetres  of  95-per-cent. 
alcohol.  This  solution  is  exposed  to  the  light  for  a  w^eek,  the  color 
meanwhile  changing  from  a  dirty  red  to  a  deep  bluish-purple  color.  ̂  
Then  25  cubic  centimetres  each  of  glycerin  and  wood  naphtha  are  added. 
This  mixture  is  allowed  to  stand  for  a  day  or  two  and  is  then  filtered,  and 
the  filtration  is  repeated  at  intervals  until  a  sediment  no  longer  forms. 

The  solution  is  now  ready  for  staining,  the  best  results  being  obtained 
by  diluting  the  fluid  with  from  ten  to  twenty  times  its  bulk  of  water. 
The  sections  are  immersed  in  the  fluid,  and  allowed  to  remain  until  they 

have  acquired  »  distinct  purple  color  w^hich  persists  after  rinsing  in 
water.  They  are  now  placed  for  a  moment  in  a  dilute  alcoholic  solution 
of  eosin,  and  then  mounted  in  glycerin  which  has  been  colored  lightly 
with  an  alcoholic  solution  of  eosin.  In  this  way  the  nuclei  of  the  cells 
will  be  stained  of  a  purple  color,  while  the  cell  bodies,  and  to  a  certain 
extent  the  intercellular  substance,  will  be  colored  a  light  rose  red. 

If  specimens  are  to  be  mounted  in  Canada  balsam,  they  are  stained 
with  hsematoxylin  as  before,  and  the  eosin  staining  is  done  by  tinging 
with  a  saturated  alcoholic  solution  of  eosin,  the  alcohol  with  which  the 
final  dehydration  of  the  specimen  is  accomplished.  A  similar  result 
may  be  obtained  by  tinging  the  oil  of  cloves  or  origanum  with  which  the 
clearing  of  the  sections  is  effected. 

Iron  Hcematoxylin  (Heidenhain^s). — Sections  are  soaked  for  an  hour 
in  a  2-per-cent.  solution  of  ammonia  sulphate  of  iron,  then  rinsed  with 
water  and  put  for  an  hour  in  a  half-per-cent.  aqueous  solution  of  haema- 
toxylin  (prepared  by  heating);  again  rinsed  and  put  again  in  the  iron 
solution,  in  which  the  color  gradually  fades.  The  section  must  be 
watched  during  the  process  of  the  differentiation  which  takes  place  in 
the  iron  solution,  and  when  this  is  accomplished  to  a  proper  extent  the 
section  is  thoroughly  washed  in  running  water  and  mounted  in  the  usual 

way.     This  method  is  especially  valuable  for  the  study  of  nuclear  struc- 

1  The  time  required  for  this  "  ripening"  of  the  solution  may  be  spared  by  the  use  of  haematin  in  the 
place  of  hiematoxylin. 
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turea,  the  color  of  these  ranging  from  blue  to  black,  depending  upon  the 
length  of  time  of  immersion  in  the  stain  and  the  grade  of  differentiation. 

By  the  use  of  this  method,  micro-organisms  may  be  stained  black, 
and  in  this  condition  are,  as  Leaming  has  shown,  well  fitted  for  the  pur- 

poses of  photomicrography. 

PicRO-ACiD  FucHsiN  {Van  Gieson^s  Stain). — This  double  stain,  first 
suggested  by  Van  Gieson,  especially  for  the  nerve  tissue,  has  wide  appli- 

cations in  both  normal  and  pathological  histology,  and  is  most  useful 
when  following  a  deep  haematoxylin  stain. 

It  colors  the  fibrillated  connective-tissue  fibres  and  the  neuroglia  in 
general  a  bright  or  garnet  red,  and  also  the  axis  cylinders  and  ganglion 
cells.  Myelin,  muscle  fibres,  and  certain  other  cells  are  stained  yellow, 
while  the  nuclei  after  the  haematoxylin  stain  are  brownish  red  in  color. 

Van  Gieson^s  stain  is  also  of  value,  although  its  limitations  in  this  par- 
ticular are  not  yet  fully  determined,  as  a  coloring-agent  for  hyalin, 

amyloid,  colloid,  and  mucin  in  the  tissues.  As  a  differential  stain  for 

fibrillated  connective-tissue  fibres  it  is  of  value  in  the  study  of  various 
tumors  and  especially  of  the  sarcomata. 

It  is  commonly  prepared  in  two  strengths,  the  stronger  for  use  espe- 
cially in  nerve-tissue  staining,  the  weaker  for  general  purposes.  The 

formulae  and  method  of  using  as  suggested  by  Freeborn*  are  as  follows: 

Picro-add  Fuchsin. 

Stronger  solution — 
1-per-cent.  aqueous  solution  acid  fuchsin    15  c.c. 
Saturated  aqueous  solution  picric  acid  and  water,  each  50  c.c. 

Weaker  solution — 
1-per-cent.  aqueous  acid  fuchsin    5  c.c. 
Saturated  aqueous  solution  picric  acid    100  c.c. 

The  tissues  may  be  hardened  either  in  alcohol,  or  in  Orth's  fluid,  or in  formalin. 

Sections  are  first  stained  deeply  with  haematoxylin,  washed  in  water, 
and  put  into  the  staining  fluid,  in  which  they  remain  for  varying  periods, 
depending  upon  the  tissue  and  the  strength  of  the  stain,  but  in  general 
from  one  to  five  minutes.  The  sections  are  now  rapidly  dehydrated  by 
alcohol,  cleared  with  oil  of  origanum,  and  mounted  in  balsam. 

Mallory'b  Anilin-blue  Stain. — This  stain  is  especially  useful  in 
bringing  out  in  blue  the  fibrillae  and  reticulum  of  connective  tissue, 
though  various  hyaline  substances  are  similarly  colored.  The  nuclei, 
protoplasm,  elastic  fibres,  axis  cylinders,  neuroglia  fibres,  and  fibrin  are 
stained  red;  while  red  blood  cells  and  myelin  sheaths  are  yellow. 

The  details  of  the  method  are  as  follows:^ 
1.  Fix  in  Zenker  ̂ s  fluid. 
2.  Embed  in  celloidin  or  paraffin. 

3.  Stain  sections  in  a  one-tenth-per-cent.  aqueous  solution  of  acid 
fuchsin  for  five  minutes  or  longer. 

»  Freeborn,  Proc.  New  York  Path.  Soc,  1893,  p.  73. 
2  See  Mallory  and  Wright,  "PatholoRical  Technic,"  1904,  p.  322. 
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4.  Transfer  directly  to  the  following  solution  for  twenty  minutes  or 
longer: 

Anilin  blue  soluble  in  water  (Grubler)       0.5 
Orange  G.  (Griiblfr)       2.0 
1-per-cent.  aqueous  solution  of  phosphomolybdic  acid   100. 

5.  Wash  and  dehydrate  in  several  changes  of  95-per-cent.  alcohol. 
6.  Clear  in  xylol  or  in  oil  of  origanum. 
7.  Xylol  balsam. 
Methylene  blue  is  a  useful  stain  for  many  purposes.  The  tissues 

may  be  hardened  in  Zenker's  or  Orth's  fluid. 
Giemsa's*  Stain  for  Blood  and  Tissues. — The  stain  is  prepared  as 

follows : 

Azur  II-Eosin    3.0  gm. 
Azur  II         0.8  gm. 
(ilycerin  c.  p    250 . 0  c.c. 
Methyl  alcohol  c.  p    250.0  c.c. 

The  dyes  are  thoroughly  dried  over  HgSO^,  finely  pulverized,  and  sifted  through  a 

fine-meshed  silk  sieve;  then  dissolved  by  shaking  in  the  glycerin  heated  to  60°  C.  To 
this  glycerin  solution  is  added  the  methyl  alcohol  also  heated  to  60°  C,  the  whole 
thoroughly  shaken  and  allowed  to  stand  for  twenty-four  hours  and  then  filtered. 

The  stain  is  prepared  for  the  market  ready  for  use  by  Grttbler. 

For  Staining  Blood. — 1.  Air-dried  blood  smears  are  fixed  for  two 
to  three  minutes  in  methyl  alcohol  and  dried  off  with  filter  paper. 

2.  The  dye  is  diluted  with  water  (1  drop  of  the  dye  to  about  1  c.c. 

of  distilled  water).  The  water  may  to  advantage  be  warmed  to  30° 
to  40°  C. 

3.  Pour  the  freshly  diluted  dye  over  the  smear  and  stain  for  ten  to 
fifteen  minutes. 

4.  Wash  off  in  water  jet. 
5.  Dry  partially  with  blotting  paper  and  then  in  the  air.  Mount  in 

balsam. 

For  Staining  Tissues. — For  staining  tissues  the  following  method 
of  Schridde^  may  be  useful. 

1.  Five  micra  paraffin  sections  are  stained  for  twenty  minutes  in  a 

mixture  of  two  drops  of  Giemsa's  solution  and  1  c.c.  of  water. 
2.  Washed  carefully  in  water. 
3.  Dried  off  with  blotting  paper. 
4.  Transferred  immediately  to  anhydrous  chemically  pure  neutral 

acetone. 

5.  Transferred  to  xylol.     Mounted  in  neutral  dammar. 

Unna's  Polychrome  Methylene-blue  Stain. — This  is  prepared 
for  the  market  by  Grubler.  The  formula  for  its  use  given  by  Mallory 
and  Wright  is  as  follows: 

1.  Stain  paraffin  or  celloidin  sections  hardened  in  alcohol  in  poly- 
chrome methylene-blue  five  to  ten  minutes  or  longer. 

2.  Wash  in  acidulated  water. 

«  Oiemsa,  Centbl.  f.  Bakt.,  Abth.  I.,  Orig.  Bd.  xxxvii.,  p.  308,  1904. 
2  Schriddc,  Cent.  f.  allg.  Path.,  Bd.  xvi.,  p.  769,  1905. 
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3.  Fix  in  10-per-cent.  solution  of  bichromate  of  potassium  half  a 
minute. 

4.  Wash  in  water. 

5.  Dry  on  slide  with  filter-paper. 
6.  Decolorize  in  anilin  plus  1-per-cent.  hydrochloric  acid  (a  few 

seconds  only). 
7.  Wash  off  with  oil  of  bergamot. 
8.  Balsam. 

Thionin. — Thionin  is  especially  useful  as  a  stain  for  mucin.  In  the 
following — Hoyer's  formula — the  mucin  is  colored  red,  the  remaining 
tissue  blue. 

1.  Harden  in  corrosive  sublimate,  followed  by  alcohol. 
2.  Paraffin  sections  are  passed  through  xylol,  chloroform,  and  95- 

per-cent.  alcohol  to  free  them  from  paraffin,  and  are  then  placed  in  a 
5-per-cent.  aqueous  solution  of  corrosive  sublimate  for  three  to  five 
minutes. 

3.  Stain  in  a  dilute  solution  of  thionin  for  ten  to  fifteen  minutes. 
4.  Alcohol. 
5.  Clear  in  the  mixture  of  the  oils  of  cloves  and  thyme. 
G.  Turpentine  oil  or  oil  of  cedar. 
7.  Balsam. 
The  sublimate  should  not  be  removed  from  the  tissues  by  iodin,  as  is 

usual  as  a  preliminary  to  staining. 
Thionin  is  useful  for  the  staining  of  exudates,  frozen  sections,  etc.  It 

may  be  kept  in  a  stock  saturated  aqueous  solution  to  be  variously  diluted 
as  used. 

Methods  of   Preserving  Specimens  for  Gross   Demonstration   and   for 
Museums. 

When  specimens  of  abnormal  tissues  or  organs  are  to  be  preserved 
entire  for  exhibition  in  jars  in  a  museum,  the  superfluous  parts  are  first 
removed  and  the  requisite  dissections  made.  Then  they  are  carefully 
placed  in  the  position  and  form  which  it  is  wished  to  preserve,  by  stuff- 

ing with  horsehair  or  absorbent  cotton  and  by  the  use  of  thread.  WTien 
thus  carefully  adjusted  they  are  either  suspended  or  laid  on  a  wad 
of  absorbent  cotton  in  60-  to  80-per-cent.  alcohol  or  in  5-per-cent. 
formalin  solution.  In  this  they  usually  become  hard,  and  finally,  after 
the  removal  of  the  temporary  stuffing  and  braces,  are  transferred  for 
permanent  exhibition  to  fresh,  clear,  80-per-cent.  alcohol,  or,  in  case 
of  formalin  hardening,  to  a  fresh  solution  of  the  formalin,  to  w^hich,  if 
the  jar  is  likely  to  be  exposed  to  cold,  a  little  glycerin  is  added  to  pre- 

vent freezing.  This  description  applies  especially  to  such  specimens  as 
have  cavities  to  distend  or  display. 

The  more  simple  specimens,  such  as  the  solid  viscera,  tumors,  etc., 
may  be  washed  and  hardened  in  60-per-cent.  alcohol  or  in  formalin 

solution.^ 
1  For  a  method  of  preparing  thick  serial  sections  of  brain  for  permanent  preservation  in  formalin 

and  gelatin  see  Mankowaky,  Cbl.  f.  Path.,  Bd.  xvii.,  1906,  p.  467.  Also,  for  the  method  of  preserving 
sections  and  whole  structures  for  exhibition  in  gelatin  see  Wattera,  Medical  Record,  vol.  Ixx.,  p.  985, 1906. 
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In  many  cases  an  excellent  hardening  is  obtained  by  injecting  the 
preservative  fluid  through  the  blood-vessels.  The  lungs  are  well  hard- 

ened by  pouring  the  fluid  through  the  trachea  into  the  air  spaces. 
Firm-walled  cysts  of  various  kinds  are  well  preserved  in  a  condition 

of  distention  by  drawing  off  the  natural  contents  through  a  fine  cannula 
and  refilling  with,  and  immersing  in,  formalin  solution.  Delicate  cysts ̂  
such  as  echinococcus  cysts,  small  embryos  in  their  membranes,  cystic  kid- 

neys, etc.,  may  be  preserved  in  a  nearly  natural  condition  in  formalin.^ 

Kaiserling's  Method  of  Fixing  Natural  Colors  in  Museum  Specimens.^ 

1.  Fixation  for  one  to  five  days  in: 

Formaldehyde    200  c.c. 
Water    1000  c.c. 

Nitrate  of  potassium    15  gm. 
Acetate  of  potassium    30  gm. 

Change  the  position  of  the  specimen  frequently.  The  time  of  fixation 
varies  with  the  tissue  or  organ  and  size  of  the  specimen. 

2.  Drain  and  place  in  80-per-cent.  alcohol  one  to  six  hours,  and 
then  in  95-per-cent.  alcohol  for  one  to  two  hours,  to  restore  the  color, 
which  is  somewhat  affected  in  the  fixing  solution. 

3.  Preserve  in: 

Acetate  of  potassium          200  gm. 
Glycerin         400  c.c. 
Water        2000  c.c. 

Since  exposure  to  light  reduces  the  color  contrasts,  the  specimen 
should  be  prepared  and  kept  in  the  dark. 

The  Importance  of  Careful  Fixation  and  Preservation. 

We  would  most  urgently  commend  to  the  reader  the  importance  of 
putting  pathological  specimens,  which  are  to  be  hardened  and  subse- 

quently examined  microscopically,  at  the  earliest  possible  moment  into 
the  preservative  fluids,  which  should  always  be  abundant.  Furthermore, 
when  specimens  are  large  it  is  very  desirable  to  cut  them  open,  so  that 
the  fluids  may  come  into  direct  contact  with  the  tissues.  It  should  be 
borne  in  mind  that  immediately  after  death  or  the  removal  of  parts  from 
the  body,  especially  in  warm  weather,  changes  commence  in  the  tissues 

and  progress  very  rapidly,  so  that  in  some  cases  a  few  hours '  or  even  a 
few  moments '  delay  will  not  only  render  subsequent  microscopical  exam- 

inations difficult  and  unsatisfactory,  but  may  lead  to  serious  errors. 
Alcohol  and  10-per-cent.  formalin  are  the  most  generally  useful  agents. 
Carbolic  acid  and  glycerin  should  not  be  used,  even  for  the  temporary  preser- 

vation of  fresh  tissue.     They  not  only  do  not  harden  and  preserve  the 

*  For  the  technique  of  the  clearing  method  by  potassium  hydroxid  in  the  demonstration  of  ossifica- 
tion centres,  distribution  of  blood-vessels,  etc.,  see  Hill,  Johns  Hopkins  Hosp.  Bull.,  vol.  xvii.,  p.  Ill, 

1906. 

»  See  MaUory  and  Wright,  "Pathological  Technique,"  1901,  p.  360. 
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tissue  elements,  but  they — especially  glycerin — render  them  almost  use- 
less for  microscopic  examination. 
The  not  uncommon  practice  of  wrapping  a  specimen  in  a  cloth  soaked 

in  alcohol  or  carbolic  acid,  and  permitting  it  to  remain  in  this  for  hours 
or  days,  is  of  no  use  whatever  in  preserving  specimens  of  which  micro- 

scopic examinations  are  to  be  made.  Almost  equally  useless  is  the  too 
common  practice  of  placing  a  specimen  in  a  bottle  which  it  nearly  fills, 
and  pouring  a  little  preservative  fluid  around  it.  Not  only  should  the 
proper  fluids  be  used,  but  these  should  be  abundant,  and  the  specimen 
so  prepared  and  arranged  that  they  may  come  into  direct  contact  with  it. 
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Abbott  and  Gildersleevej  on  acid-fast  bac-      Achromatic  figure  in  mitosis,  66 
teria,  ref.,  267 

Abdomen,  examination,  post-mortem,  of, 
1001,  1025 

Abdominal  pregnancy,  842 
viscera,  position  of,  1002 

Abel,  on  suprarenal  body,  434 
Abel  and  Davis,  on  skin  pigment,  ref., 

55 

Abramow,    on    blood-vessel    changes    in 
syphilis,  ref.,  274;  on  peritonitis,  ref., 

694;  on  syphilis  of  blood-vessels,  ref., 
567 

Abrin  poisoning,  153;  ref.,  203;  425 
Abscess,  89,  200 

metastatic,  204 
nature  of,  199 
of  bone,  885,  888 

brain,  964 
heart,  538 
kidney,  754 
liver,  722 

lung,  611 
mamma,  844 
muscle,  873 

prostate,  866 
spleen,  504 
testicle,  857 

repair  of,  203 
retropharyngeal,  648 
splenic,  504 
tropical,  of  liver,  722 

Absorption,  23 
from  peritoneum,  694 

Acardiacus  acephalus,  328 
acormus,  328 

amorphus,  328 
anceps,  328 

Acarus  scabiei,  132 

Achard  and  Phulpin,   on  terminal  infec- 
tion, ref.,  158 

Achondroplasia,  896 
Achorion  Sch5nleinii,  148 

Acid,  arsenious,  420 
carboUc,  423 
carbonic,  425 

hydrochloric,  418 
hydrocyanic,  423 
nitric,  418 
oleic,  44 

osmic,  as  hardening  fluid,  1029 
oxalic,  419 

sulphuric,  317 
tartaric,  419 

Aconite  poisoning,  425 
Acrania,  324,  927 
Acromegalia,  438 
Actinomyces,  136 

bo  vis,  231 
in  lung,  612 

Actinomycosis,  230 

of  appendix,  691 
brain,  976 
intestine,  691 

Adamantinoma,  415 

Adami,  on  arterio-sclerosis,  ref.,  565,  566; 
on  blood  in  septicaemia,  ref.,  205;  on 
dissecting  aneurism,  ref.,  568;  on 
heredity,  ref.,  14;  on  hypertrophy, 
ref.,  62;  on  infection,  ref.,  151;  on 
inflammation,  110;  on  inflammation 
and  fibrosis,  ref.,  96;  on  mitosis,  ref., 
67;  on  retroperitoneal  lipoma,  ref., 
697;  on  reversion,  ref.,  63 

Adami  and  Aschoff,  on  myelins,  ref.,  44 
Adaptation,  8 

of  animals  to  alien  substances,  195 

Addison's  disease,  433 
internal   secretions   of   adrenals   in, 

434 

Adenitis,  483 

Adeno-carcinoma,  398 
of  uterus,  814 

Adeno-cystoma  of  ovary,  830 
Adenoids,  581,  648,  649,  650 
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Adenoma,  395,  398 

fibro-,  365 
of  adrenals,  517 

Bartholin's  glands,  795 
bladder,  urinary,  788 
bronchi,  591 

gall-ducts,  743 
intestine,  690 
kidney,  776 

larynx,  585 
liver,  735 

lung,  635 
mamma,  849 
mouth,  645 

oesophagus,  653 
ovary,  830 

pancreas,  706 
pituitary  body,  980 

prostate,  866 
stomach,  663 
testicle,  861 
uterus,  814 

Adeno-sarcoma,  376 
AdlcTj  on  gumma  of  heart,  ref.,  542;  on 

emigration   of  leucocytes,   ref.,   86; 
on  reaction  of  blood,  ref.,  453;  on 
tumors  of  lung,  ref.,  636 

Adler  and  Meltzer,  on  lymph-vessels,  576 
Adrenalin,  degeneration  of  heart  muscle 

after  injections  of,  ref.,  541 
Adrenals,  515 

accessory,  515 

atrophy  of,  515 
degeneration  of,  515 

examination,  post-mortem,  of,  1013, 
1026 

fat  infiltration  of,  515 
haemorrhage  in,  516 

hypertrophy  of,  62 

in  Addison's  disease,  433 
inflanmiation  of,  516 
malformations  of,  515 

myelin  substances  in,  515 

pigmentation  of,  516 
preservation  of,  1013 
size  of,  1013 

syphilis  of,  516 
thrombosis  of,  516 
tuberculosis  of,  433,  516 
tumors  of,  517 

weight  of,  1013 
Aerobes,  facultative,  137 

obligate,  137 

A/anassicffy  on  granulation  tissue,  ref., 
152 

Age,  relation  of,  to  disease,  13 
relation  of,  to  tumor  growth,  344 

Agenesia,  321 
Agglutination,  179 

group,  180 of  streptococci,  ref.,  210 
test,  180 

technique  of,  193 

Agglutinative  substances,  179 

Agglutinins,  179 
in  typhoid  fever,  246 

Aggressins,  153 
Agnathia,  321 
Ague  cake,  505 
Ahlfeldiy  on  cysts  of  placenta,  ref.,  826 
Air  emboli,  34 

in  blood,  470 
blood,  in  caisson  disease,  1 1 

pericardium,  518 

pleural  cavities,  63" micro-organisms  in,  140,  ref.,  150 
supply,  relation  of,  to  disease,  9 

Akerlandj    on    membranous   coUtis,  ref., 

682 Albert,  on  trichiniasis,  ref.,  130 
Albrecht,    on    albuminous    degeneration, 

ref.,  40;  on  myelogenous  substances  in 
cells,  ref.,  40;  on  origin  of  tumors,  ref., 
353. 

Albumen  film  for  fixing  specimen  to  slide, 
1028,  1034 

Albuminous  degeneration  (see  Degener- 
ation, albuminous),  39 

Albuminuria,  749 
Alcohol  as  tissue  fixative,  1029 

poisoning,  423 
Alcoholism,  chronic,  atrophy  of  brain  in, 

932 
meningitis  in,  917 
oedema  of  brain  in,  913 

Aleuronat  exudates,  195 

Alexander,  on  adrenals,  ref.,  515 
Alexines,  109,  161,  170,  172 
Aloes  poisoning,  422 
Amboceptor,  177 
Amitosis,  65,  67 

Ammonia  poisoning,  419 

Amoeba  dysenteria,  115 
colitis,  676 

in  liver  abscess,  723 

Amyelia,  928 
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Amyloid,  47 
degeneration  (see  Degeneration, 

amyloid),  48 
masses  in  larynx  and  trachea,  586 
technique  of  staining,  50 
tests  for,  50,  1012 
tumors  of  larynx  and  trachea,  586 

of  tongue,  646 
Ansemia,  16,  19,  454 

aplastic,  474 
chlorotic,  471 
bone  marrow  in,  897 

infantum  pseudo-leukaemica,  479 
local,  19 
marrow  changes  in,  897 
of  brain,  934 

kidney,  748 

lung,  593 
liver,  709 

spleen,  501 
pernicious,  473 

phagocytosis   in,  after  transfu- 
sion, 185 

secondary,  472 

splenic,  479 
Von  Jaksch,  479 

Anaerobes,  facultative,  137 

obligat^e,  137 
Anaphylaxis,  190 
Anaplasia  in  tumors,  351 
Anasarca,  22 

Anastomosis  of  blood-vessels,  18 
Anders,  on  tuberculosis  of  heart,  ref.,  542 
Anderson,  on  B.  tuberculosis  in  blood., 

ref.,  264 
Anderson    and    Goldberger,    on    infective 

agent  in  Mexican  typhus,  301 
Anderson  and   Rosenau,  on  anaphylaxis, 

ref.,  190 

Anencephalia,  325,  927 
Aneurism,  567 

cirsoid,  569 
conditions  leading  to,  567 

cylindrical,  567 
dissecting,  568 
false,  568 
fusiform,  567 

miliary,  571 
multiple,  567 

mycotic,  567 
of  aorta,  570 

brain,  936,  981 
cereljral  arteries,  936 

Aneurism  of  coronary  arteries,  570 

heart,  529 
heart  valves,  530 

pulmonary  arteries,  570 
splenic  artery,  500 

sacculated,  567 

spurious,  568 
varicose,  569 

Aneurismal  varix,  569 

Angina  (see  Pharyngitis),  648 

diphtheroid,  212 
membranous,  212 

Vincent's,  293 
Angio-lipoma,  382 
Angioma,  393 

cavemosum,  394 

hsem-,  393 

lymph-,  393 of  bone,  902 

bladder,  luinary,  788 
brain,  977 

choroid  plexus,  927 

ependyma,  927 
intestine,  688 
kidney,  776 

larynx,  585 

lips,  645 liver,  734 
mamma,  848 
mouth,  645 
muscle,  875 

oesophagus,  653 
ovary,  829 

penis,  855 peritoneum,  697 

spleen,  510 
stomach,  663 

thymus,  511 
tongue,  646 
uterus,  813 

telangiectoides,  393 

Angio-sarcoma,  374 

Anguillula,  131 
Anhydrsemia,  454 
Anilin-blue  stain,  1036 

dves  for  bacteria,  143 

gentian- violet  stain  for  bacteria,  143 
Animal,     infectious     diseases     of,     319; 

also  ref.,  157 

parasites,  114 
species,  relationships  of,  blood  test 

in,  172 
venom,  424 
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Ankylostoma  duodenale,  128,  472 
Anopheles  in  malaria,  314 
Anspach,  on  teratoma  of  ovary,  ref.,  837 
Anterior  horn,  myelitis  of,  967 
Anthracosis  of  lung,  616 
Anthrax,  228 

bacillus,  229 
of  intestine,  691 

Antiamboceptor,  177 
Antibodies,  175 

Anticjiiolysins,  175 
Anticytotoxins,  175 
Antiformin  in  sputum  examinations,  260 
Antigen,  175 

Anti-immune  substances,  177 
Anti-precipitin,  182 
Antitoxin,  164 

Asiatic  cholera,  25() 
definition  of,  167 

diphtheria,  164,  285 
unit  of,  ref.,  164 

plague,  289 
streptococcus,  211 
tetanus,  165,287 
unit,  ref.,  164 

Antivenins,  424 
Anus,  atresia  of,  667 
Aorta,  aneurism  of,  570 

double,  522 

examination,  post-mortem,  of,  1018 
hypoplavsia  of,  439,  556 
insufficiency  of,  552 
malformations  of,  522 

rupture  of,  557 
stenosis  and  obliteration  of,  552,  571 
tuberculosis  of,  567 

Aphthfip,  644 
Aplasia,  321 
Apoplectic  foci  in  brain,  936 

Apoplexy,  21 
cerebral,  935 
of  l)rain,  935 

placental,  823 
serous,  of  brain,  935 

spinal,  938 
Appendicitis,  684 
Appendix  vermiformis,  684 

absence  of,  667 

actinomycosis  of,  691 
bacteria  in,  687 
concretions  in,  686 

cysts  of,  686 
dilatation  of,  686 

Api^endix,  diverticula  of.  668 
foreign  bodies  in,  686 

gangrene  of,  685 
in  typhoid  fever,  685 
inflammation  of,  684 
inversion  of,  688 
necrosis  of,  685 

obliteration  of  lumen  of,  686 
strictures  of,  686 
tuberculosis  of,  686 
tumors  of,  690 

Arachnoid  (see  Pia  mater),  912 

Argyria,  56 
Amaudy  on  Addison's  disease,  ref.,  516 
Arnold,  on  diapedesis,  21;  on  fibrin  form- 

ation, ref.,  86;  on  iron  pigment  in  cells, 

ref.,  616;  on  lymph-nodes,  481;  on 

polyps  of  pharynx,  ref.,  650;  on  sar- 
coma of  liver,  737;  on  weight  of  heart, 

ref.,  1008 
Afnsperger,  on  dermoid  cysts  of  ovary, 

ref.,  836 

Arsenic  poisoning,  420 
Artefacts  of  nervous  system,   ref.,  928, 

929,  999 
Arteries,  aneurism  of,  567,  570 

atheroma  of,  562 
calcification  of,  559 

cerebral,  aneurisms  of,  936 
embolism  of,  31,  942 
thrombosis  of,  942 

coronary,  aneurism  of,  570 
distribution  of,  ref.,  537 
embolism  of,  538 
endarteritis  of,  537 

examination,   post-mortem,   of, 1008 

fibrous  nodules  on,  521 
infarction  of,  538 
lesions  of,  537 
sclerosis  of,  537 

thrombosis  of,  537 

cysts,  atheromatous,  of,  561 
degeneration  of,  557 
em])oli  in,  571 

hepatic,  lesions  of,  711 
inflammation  of   (see  Arteritis),  559 
of  brain  and  cord,  933 

pulmonary,  aneurism  of,  570 
embolism  and  thrombosis  of,  596 

renal,  embolism  and  thrombosis  of, 

749 
rupture  of,  557 
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Arteries,  sclerosis  of,  559 

syphilis  of,  567 
terminal,  embolism  of,  29 
tul:)ereulosis  of,  566 
tumor  emboli  in,  571 
tumors  of,  571 
wounds  of,  557 

Arterio-sclerosis,  559 
classification  of,  565 

conditions  leading  to,  564 
relation  to  heart  hypertrophy,  554 
kidney  lesions,  769 

Arteritis,  acute,  559 
chronic,  559 
embolic,  559 

end-,  559 

peri-,  559,  566 
syphilitic,  567 
thrombo-,  559 
tuberculosis,  556 

Arthritis,  903 
chronic,  904 
deformans,  905 
exudative,  903 

gonococcal,  904 

gouty,  905 
pneumococcic,  ref.,  904 
rheumatic,  904 

sero-fibrinous,  904 
serous,  903 

suppurative,  904 
tuberculous,  906 
uritica,  905 

Arthropathy,    hypertrophic    pulmonary, 
ref.,  438 

Arthropoda,  132 
Ascarclli,  on  adipocere,  ref.,  987 
Ascaris  in  liver,  739 

pancreatic  duct,  707 
lumbricoides,  127 
maritima,  128 

mystax,  128 
Asch,  on  excretion  of  bacteria  by  kidney, 

ref.,  755 

Aschojff,  on  compensatory  hypertrophy, 

ref.,    79;   on   cysts,    ref.,    361;   on   im- 
munity, 196;  on  tumors,  416 

Ascites,  23,  692 

Ascospores,   146 

AshUm,  Xorri.s,  and  Lavcnsott,  on  Stokes- 

Adams'  disease,  ref.,  550 
Asiatic  cholera,  247 
Askanazij,  on  pigment,  ref.,  53 

Aspergillus,  ref.,  147 

glaucus,  148 
Asphyxia,  9,  442 
Ataxia,  cerebellar,  963 

Friedrich's,  963 
hereditary,  963 
locomotor,  957 

Ataxic  paraplegia,  962 
Atelectasis  of  lung,  596 

At^lomyelia,  928 
Atheroma,  561 

Atlassoffy  on  experimental  typhoid  fever, 
ref.,  235 

Atrophia   musculorum   lipomatosa,    871 
Atrophy,  36 

acute  yellow, x)f  liver,  716 

experimental,  718 
brown,  38,  56 

of  heart,  38,  529 

degenerative,  37 
disuse,  38 

general  from  malnutrition,  38 
neurotic,  39 
of  adrenals,  515 

blood-vessels,  556 
bone,  876 
brain,  932 

heart,  528 
liver,  714,  716 

lymph-nodes,  481 
muscle,  868,  871 

pancreas,  702 
prostate,  863 

spleen,  500 stomach,  656 
testicle,  857 
uterus,  803 

pigment,  714 
pressure,  38 
progressive  muscular,  869,  955 
senile,  38 

simple,  36 
Atresia  ani,  667 
Attraxine,  352 

Auer  and  Lewis,  on  anaphylaxis,  191 
Auerbach,  on  B  influenzse,  234 
Aufrecht,    on    experimental    pneumonia, 

ref.,  614 

on  portals  of  entry  of  B.  tubercu- 
losis, ref.,  264 

Auriculo- ventricular  bundle  of  His,  550 
Auto-digestion  of  pancreas,  702 
Autoha?molysis,  ref.,  176 
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Auto-intoxication,  153,  417,  426 

Addison's  disease  as  an,  434 
burns  as  excitants  of,  9 

cachexia  strumipriva  as  an,  430 

dyscrasic,  427 
enterogenic,  426 
exophthalmic  goitre  as  an,  432 
gout  as  an,  436 
retention,  427 

Autolysins,  176 
Autolysis,  60,  98,  106 

in  absorption  of  infarcts,  ref.,  30 
lung  exudates,  557 

Autosite,  332 

Autopsies,  making  of  (see  Post-mortem 

examination),  985* 
medico-legal,  1022 
on  cases  of  suspected  poisoning,  1022 
new-born,  1023 

Axis-cylinder  process,  nature  of,  944 
Axone,  degenerations  in,  946 

nature  of,  944 

Ayer,  on  cysts  of  intestine,  ref.,  690 
Azur  II  as  a  staining  agent,  317,  1037 

BabeSf  on  bacteria  in  blood  of  cadaver, 
ref.,   987;  on    hemorrhagic   infection, 
ref.,  289 

Babesia  bovis,  ref.,  122 
Bacillus,  134 

acid-proof,  267 
aerogenes  capsulatus,  34,  289 

in  liver,  738 
anthracis,  228,  229 

immunization  to,  230 
botuHnus,  292 

cholene  gallinarum,  289 
coli  communis,  214,  246 
conjunctivitidis,  234 
diphtheriap,  282,  283 

action  of,  in  animals,  284 
branching  forms  of,  ref.,  284 
characters  of,  284 
communicabiHty  of,  285 

pseudo-,  285 
dipio-,  135 

Ducrey's,  228 
dysenteriae,  247,  677 
enteritidia,  291 
Fried  lander,  216 

gas,  289 
glanders,  226 

grass,  267 

Bacillus,  haemorrhagicus,  289 

septicus,  289 
velenosus,  289 

hay,  267 Hoffmani,  285 

icteroides,  ref.,  302 
infiuenzse,  233 

Koch- Weeks,  234 

lepra,  269 
mallei,  226,  227 
toxic  products  of,  227 
mucosus  capsulatus,  216 
cedematis  maligni,  291 
of  Shiga,  677 

whooping  cough,  317 

paratyphosus,  247 

pest  is,  288 

plague,  288 
proteus  group  of,  216 
prot^us  vulgaris,  217 
pseudodiphtheriae,  285 

pseudo-influenzae,  234 
pseudo-tetanicus,  287 
pseudo-tuberculosis,  227 

liquefaciens,  227 

pyocyaneus,  215 in  colitis,  678 
rhinoscleromatis,  282 

Shiga's,  247 
smegma,  267 

strep  to-,  135 
suisepticus,  289 
tetani,  286 

toxins  of,  286,  287 
tuberculosis,  251,  257 

action  of,  in  body,  262 
antiformin  in   examination   of, 

260 

bovine  type,  ref.,  266 
branching  forms  of,  ref.,  257 
dead,  action  of,  260 
differentiation  of,  267 
distribution  of,  264 

in  dried  sputum  and  dust.,  265 
methods  of  staining,  258 
numbers  of,  in  lesions,  263 

portals  of  entry  of,  264,  618 
sources  of,  265 

toxic  products  of,  260 
varieties  of,  260 

typhi  murium,  289 
typhosus,  234,  235 

agglutination  of,  246 
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Bacillus,  typhosus,  carriers,  245 
differentiation  of,  246 
distribution  of,  in  body,  244 
methods  of  staining,  246 
modes  of  infection  with,  245 

viability  of,  245 
Welchii,  289 
"X,"ref.,  302 
xerosis,  285 

Bacmeister,  on  myoma  of  heart,  ref.,  556 
Bacteria,  133 

absorption  of,  in  peritoneum,  694 
acid-resisting,  267 
action  of  alexins  on,  161 

cold  and  heat  on,  137 

germicides  on,  138 
in  body,  152 

adaptation  of,  ref.,  160 
aerobic,  137 
aerogenic,  139 

agglutination  of,  179 
aggregations  of,  135 
aggressins  of,  153 
anaerobic,  137 
as  disease  excitants,  198 
attenuated  cultures  of,  162 

capsules  of,  133 
cheraotaxis  in,  137 
chroraogenic,  139 
classification  of,  142 
Clostridium  forms,  134 
commensals  in,  141 
cultivation  of,  145 
cultures  of,  145 

destruction  of,  by  phagocytes,  161 
destruction  of,  in  body,  170 
disposal  of  in  blood,  151 
distribution  of,  140,  150 
elimination  of,    through    secretions, 

151 

endotoxins  of,  139 
enzymes  of,  139 
etiological  relationships  of,  154 

examination     of     specimens,     post- 
mortem, for,  1021 

fermentation  and,  139 
filamentous,  135 

flagella  of,  133 
forms  of,  134 

functional  characters  of,  142 

gas-producing,  139 
growth  of,  conditions  of,  137 
haemolysins  of,  ref.,  153 

Bacteria,  higher,  135 
in  air,  140,  150 

appendix  vermiformis,  687 
bladder,  urinary,  786 

blood,  ref.,  470 

post-mortem,  987 

body,  150 
dust,  140 
fluids,  stains  for,  143 
heart,  539 
inflammation,  152 
intestine,  678,  681 

kidney,  755,  761 

lung,  601,  614 

lymph-nodes,  481 
mouth,  646,  ref.,  647 

of  children,  ref.,  647 

nose,  580 
soil,  140 

spleen,  511 
stomach,  ref.,  659 

suppuration,  201 
tissues,  stains  for,  143 
tumors,  347 

vagina,  797 
water,  141 

infective  nature  of,  proofs  of,  153 
insects  as  carriers  of,  151 

insusceptibility  to,  160 
involution  forms,  134 

life  of,  conditions  of,  137 
messmates  in,  141 
metabolism  of,  138 

metachromatic  granules  in,  134 
monomorphism  in.  136 
motility  of,  137 

multiplication  of,  134,  137 
nutritional  requirements  of,  137 

opsonins  of,  183 

parasitic,  141 
phagocytosis  of,  183 
photogenic,  139 
pleomorphism,  136 
poisons  of,  139,  152 

polymorphous,  135 
portals  of  entry  of,  151 
products  of,  in  body,  152 
protection  of  body  against,  151 

ptomains  of,  139 

pyogenic,  205 relationships  of,  141 

reproduction  of,  134 
rod-like,  134 
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Bacteria,  role  of,  in  nature,  140 

saprophytic,  141 
species  of,  142 
spheroidal,  134 
spiral,  134 
spores  in,  136 
staining  of,  143 
sterilization  of,  137 

study  of,  morphological,  143 
8>Tnbio8is  of,  142 
thermophilic,  138 
toxins  of,  139,  152 
ultramicroscopic,  ref.,  134 
variations  in,  136 
varieties  of,  142 

zymogenic,  139 
Bacteriffmia,  203 

Bacteriolysis,  170,  173 

Bacterio-opsonins,  184 
Bacterio-protein;  152 
Bacteriotropic  substances,  184 
Baer,  on  typhoid  ulcers,  ref.,  240 

Baginsky,    on    pseudo-membranous    in- 
flammation, ref.,  212 

Bail,  on  aggressins,  153;  on   disposal  of 
bacteria  in  blood,  ref.,  151 

Bailey,  on  lesions  in  hydrophobia,  ref.,  294 

Bailey  and  Ewing,  on  Landry's  paralysis, 969 

Bailey  and  Miller,  on  embryology,  ref., 
320 

Balanitis,  854 
Balantidium  coli,  120 

Baldauf,     on     carcinoma     of     appendix 
vermiformis,  ref.,  690 

Baldwin,    on   anaemic    infarcts   of   liver, 
ref.,  711 

Ballanhjne,  on  antenatal  pathology,  ref., 
320:  on  congenital  infection,  ref.,   151 

Band,  on  splenic  ansemia,  479 
Bardeen,   on   visceral   changes  following 

burns,  ref.,  10 

Barker,  on  nervous  system,  ref.,  942 

Barlow's  disease,  ref.,  438 
Bartcl    and    Spieler,     on     experimental 

tuberculosis,  ref.,  264 

Bartel    arid    Stein,    on    lymph-nodes    in 
status  lymphaticup,  ref.,  440 

Bartholin's  glands,  cysts  of,  795 
Basedow's  disease,  432 
Baahford,  on  tumor  transplantation,  ref., 

354 

Bashford    and    Murray,    on    mitosis    in 

tumors,  ref.,  351;  on  statistical  investi- 
gation of  cancer,  ref.,  353 

Basophile  cells,  461 
Bassoe,  on  blastomycosis,  ref.,  146 
Batten,  on  nerve  lesions  in  diphtheria, 

ref.,  283 

Baumgarten,  on  coronary  arteries,  ref., 

537;  on  portals  of  entry  of  B.  tub- 
erculosis, ref.,  264;  on  tissue  formation 

by  endothelium,  ref.,  73;  on  urogenital 
tuberculosis,  ref.,  770 

Bayer,  on  regeneration  of  lymph-nodes,  76 
"Beaker cells,"  46 
Beck,  on  B.  influenzae,  ref.,  233;  on  toxins 

of  B.  diphtherise,  ref.,  284;  on  rhab- 
domyoma, ref.,  861;  on  bacteria  in 

lungs,  ref.,  614 
Beehe  and  Ewing,  on  lympho-sarcoma  of 

dogs,  ref.,  349,  369 
Beer,  on  accessory  adrenals,  ref.,  515;  on 

atrophic  glomerular  cysts,  ref.,  767; 
on  false  diverticula  of  intestine,  ref., 668 

Behring,  on  portal  of  entry  of  B.  tuber- 
culosis, ref.,  264 

Beitzke,  on  cervical  and  bronchial  lymph- 

nodes,  ref.,  592;  on  cervical  and  bron- 

chial lymph-nodes  in  tuberculous  in- 
fection, ref.,  650;  on  mode  of  infection 

in  pulmonary  tuberculosis,  ref.,  264 

Bence  Jones'  proteid,  902 
Benda,  on  origin  of  miliary  tuberculosis, 

ref.,  620 
"Bends,"  the,  11 

Bennecke,   on   angioma  of  intestine,  ref., 
688 

Beri-beri,  318 

Berkeley,  on  mosquitoes,  ref.,  316 
Berkeley  and  Beebe  on  parathyroids,  514 

Bemheiin  and  Gruber,  on  mixed  infec- 
tions, ref.,  157 

Berry,  on  appendicitis,  688 
Bertarelli,    on    animal    inoculations    in 

syphilis,  ref.,  274 
Bertarelli,  Volpino,  and  Bovero,  on  silver 

impregnation  method,  ref.,  277 
Berthenson,  on  tumors  of  heart,  ref.,  556 
Bettmann,  on  bronchitis,  ref.,  589 
Bezan^on  and  Lahbi,  on  germicidal  action 

of  lymph-nodes,  ref.,  151 
Biedl  and  Kraus,  on  elimination  of 

bacteria,  ref.,  151;  on  bacteria  in 
kidney,  ref.,  761 
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Bierring   and    Egdahl,    on    splenectomy, 
ref.,  479 

Biggs,  on  aortic  aneurism,  ref.,  570 
Bilandy  on  cysts  of  placenta,  ref.,  826 

Bile-ducts,  lesions  of  (see  Gall-ducts),  740 
Bilirubin,  55 

Billings,  on  infectious  endocarditis,  ref., 
547 

Billings    and    Capps,    on    myelogenous 
leuksemia,  ref.,  477 

Binder,  on  congenital  liver  cirrhosis,  ref., 
730 

Biogen,  3 
Biophore,  3 

Birch-Hirschfeld,  on  intestine  as  portal 
of  entry  for  bacteria,  694 

Biri   and    Lamb,    on    Micrococcus    meli- 
tensis,  ref.,  288 

Bizzozero,  on  tissue  regeneration,  64 
Black  death,  288 
Black  leg,  291 
Bladder,  circulation  in,  study  of,  111 

gall  (see  Gall-bladder),  740 
urinary,  781 

circulation  in.  111 

cysts  of,  788 
dilatation  of,  782 
diverticula  of,  782 

examination,   post-mortem,   of, 
1018,  1026 

extroversion  of,  781 
foreign  bodies  in,  789 
haemorrhage  of,  783 
hernia  of,  782 

hyperaemia  of,  783 
hyperpla.sia    of    epithelium    of, 

784 

hypertrophy  of,  782 
inflammation  of  (see  Cystitis), 

783 

malformations  of,  781 

malpositions  of,  782 
mucosa,  repair  of,  ref.,  71 
parasites  of,  789 
perforation  of,  783 
preservation  of,  1013 

regeneration   of    mucous   mem- 
brane in,  784 

rupture  of,  782 
size  of,  782,  1012 
study  of  inflammation  in,  83 
tuberculosis  of,  786 
tumors  of,  786 

Bladder,  urinary,  weight  of,  1012,  1026 
wounds  of,  782 

Blastomycetes,  133,  146 
Blastomycosis,  generalized,  147 
Blastomycotic  dermatitis,  146 
*' Bleeders,"  22 

Blennorrhoea,  199 

Block  and  Hall,  on  dermoid  cyst  of  blad- 
der, ref.,  788 

Blocq    and    Marinesco,     on    Fried  rich's 
ataxia,  ref.,  963 

Blood,  452 

abnormal,  leucocytes  of,  461 
air  in,  34,  470 

in  caisson  disease,  1 1 

alterations  of,  favoring  thrombosis, 25 

amount,  determination  of,  455 
ansemia,  454 

aplastic,  474 
infantum  pseudo-leuksemica,  479 

pernicious,  473 
secondary,  472 

splenic,  479 
Von  Jaksch,  479 

anhydnemia,  454 
B.    tuberculosis    in,    in    pulmonary 

tuberculosis,  ref.,  618 

bacteria  in,  ref.,  470 

capillaries,  lesions  of,  575 
carbonic  oxide,  effects  of,  on,  425 

cells,  red,  456 
agglutination  of  test  for,  194 
alterations   in    morphology    of, 457 

alterations  in  number  of,  456 
altitude,  effect  of,  on,  ref.,  458 
defective  formation  of,  456 
destruction  of,  456 
diminution  of,  456 

gigantoblasts,  459 
lysis  of,  171 
megalocytes,  458 
megaloblasts,  459 
microcvtes,  457 

morphology  of.  457 
normoblasts,  458 
nucleated,  458 
number  of,  456 

opsonins  of,  185 

phagocytosis  of,  185 
poikilocytes,  457 
regeneration  of,  77 
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Blood  cells,  white,  (see  Leucocytes),  459 
changes  in  circulation  of,  15 
chloroma,  478 
chlorosis,  471 
circulation  of,  15,  83 

circulation   of,    study   of,    in   living 
animal.  111 

clots,  forms  of,  452 

coagulability  of,  452 
crises,  458,  474 
diseases  of,  471 

erythremia,  455 
examination  of,  316,  406 
extravasation  of,  20 
fat  in,  469 

fixed,   examination   of,   in   malaria, 
316 

foreign  bodies  in,  469 
forming  organs,  lesions  of,  471 
fresh,   examination   of,    in   malaria, 

316 

frothing  of,  in  caisson  disease,  11 

gas  in,  34 
hflematogenesis,  defective  of,  457 
hflemoglobin,  free,  in,  454,  456 

index,  474 

hydraemia,  454 
in  malaria,  310 

methods    of     examination 

of,  316 
septicffimia,  ref.,  235 

typhoid  fever,  463 
laking  of,  171 
leucocytes  of,  459,  461 
leucocytosis,  462 
leukspmia,  475 
melansemia,  470 

normal,  leucocytes  of,  459 
oligocythaemia,  454,  456 
parasites  in,  470 

pigment,  53,  470 
test  for,  ref.,  53 

plates,  465 
plethora,  455 
polycythemia,  454 
precipitin  test  for,  181 
reaction  of,  453 

regeneration  of,  77 
relationships,  172 
staining  of,  468 
sugar  in,  13 
transudation  of,  22 
tubercle  bacilli  in,  264 

Blood,  typhoid  bacilli  in,  244 
water  of,  454 

Bloodgood,  on  blood  supply  and  tubercu- 
lous lesions  in  bone,  ref.,  888;  on  cysts 

of  bone,  ref.,  903 

Blood-vessels,  anastomosis  of,  18 
aneurism  of,  570 

atrophy  of,  556 
changes  in  walls  of,  15 
embolism  of,  28 
formation  of,  75 

hypertrophy  of,  557 
hypoplasia  of,  556 
in  frog,  113 

tumors,  338 

lesions   of,    in   pulmonary   tubercu- 
losis, 629 

relations  of,  to  circulation,  15 
sclerosis  of,  559 

conditions  leading  to,  564 
thrombosis  of,  24 

Blumenthalj  on  reaction  of  body  in  infec- 
tion, ref.,  156 

Blunter,  on  bacteriology  of  lobular  pneu- 
monia, ref.,  613;  on  tul>erculo8is 

of   arteries,    ref.,    567;  on  tuber- 
culosis of  stomach,  ref..  659 

Blumer  and  Laird,  on  hemorrhagic  septi- 
caemia, ref.,  291 

Blumer  and  MacFarlane,  on  noma,  ref., 
794 

Body,  cooling  of,  as  predisposing  to  in- 
fection, ref.,  614 

cooling  of,  post-mortem,  988 
fluids,  in  inflammation,  108 
nature  of  living,  3 

safeguards  of,  against  infection,  150 
Boils  (see  Furuncle)  199 
Bone,  876 

abscess  of,  885,  888 

absorption  of,  883 
achondroplasia,  896 
anemia  of,  897 

atrophy  of,  876 
caries  of,  891 
cells  of,  876 

cysts  of,  903 
decalcification  of,  897,  1031 
enostoses,  899 

examination,  post-mortem  of,  1024, 
1026 

exostoses,  386,  899 
formation,  new,  of,  881 
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Bone  formation,  dura  mater,  922 
muscle,  874 

pia  mater,  921,  923 
fractures  of,  877 

general  considerations,  876 
hsemorrhage  of,  877 
healing  of  fractures  of,  877 

hyperemia  of,  877 
hyperostosis,  900 
inflammation   of    (see   Osteitis   and 

Periostitis),  878 

lesions  after  typhoid  fever,  243 
marrow  in  leukaemia  and   ansemia, 

897 

in  malaria,  311 

pigmentation  of,  877 
regeneration  of,  76 

necrosis  of,  889 
new-formed,  387 
osteomalacia,  896 

osteophytes  of,  881,  899 
phosphorus  necrosis  of,  890 
rachitic,  891 

regeneration  of,  76,  877 
rickets,  891 
sclerosis  of,  885 

sequestrum  in,  890 
softening  of,  896 

syphilis  of,  881,  888 
transplantation  of,  78 
tuberculosis  of,  882,  887 
tumors  of,  899 
ulceration  of,  891 
wounds  of,  877 

Bordet,  on  immunity,  196 

Bordet  and  Gengou,  on  bacillus  of  whoop- 
ing-cough, 317;  on  fixation  of  com- 

plement, 189 
Borrmann,  on  carcinoma  of  stomach,  ref., 

666;  on  metastasis  in  tumors,  ref.,  342 
Borst,  on  pathological  organization,  ref., 

110;     on     s(|uamous    epithelioma    of 
stomach,  ref.,  666;  on  tumors,  416;  on 
tumors  of  sacral  region,  ref.,  359 

Bo  fit  roe  m,  on  cholesteatomata,  ref.,  379; 
on  tumors  of  pia  mater,  ref.,  920 

Bothriocephalus  cordatus,  127 
cristatus,  127 
latus,  127,  472 

Bottornli'ijy    on    operative    treatment    of 
tuberculous  peritonitis,  ref.,  696 

Botulism,  291 

Bovaird,  on  human  and  boWne  tubercu- 

losis,   ref.,   266;   on    primary    spleno- 
megaly,   ref.,     508;     on     tuberculous 

bronchial    lymph-nodes,  ref.,  487 
Bovaird  and  NicoU,  on  weight  of  thymus, 

ref.,    511;   on   weight  of    viscera  in  in- 
fancy, ref.,  990 

Bradley,  on  cysts  of  thyroid,  ref.,  514 
Brain,  927 

abscess  of,  964 
absence  of,  927 

actinomycosis  of,  976 
anaemia  of,  934 

anencephalia,  325,  927 
aneurism,  miliary,  of,  936,  981 

apoplectic  foci  in,  936 

apoplexy  of,  935 
serous,  935 

arteries  of,  933 

atrophy  of,  932 
blood-vessels,  lesions  of,  942 

cephalocele,  928 
circulatory  changes  in,  933 

cyclopia,  325 
cysts  of,  979 
degeneration  of,  940,  942 

neurone,  946 

primary,  955 
secondary,  953 

dissection,  methods  of,  993,  996 
embolism  of,  940 

encephalocele,  928 

examination,  post-mortem,  of,  992 
fixing  and  hardening  methods,  999 
haemorrhage  in,  935 
hernia  of,  928 
holes  in,  979 

hydrencephalocele,  928 
hydrocephalus,  927 
hydromeningocele,  928 

hypersemia  of,  934 
hypertrophy  of,  931 
inflammation  ©f  (see  Encephalitis), 

964 

injuries  of,  930 
lesions  of,  in  Asiatic  cholera,  248 

general  paresis.  972 
malaria,  311,  312 

malformations  of,  324,  927 

mantle,  demonstration  of,  997 
method  of  opening,  993,  996 

Meynert's  method  of  opening,  996. 
microcephalia,  928 

morphology  of,  942 
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Brain,  nov.-horn.  1024 
weight  of,  1025 

opdema  of,  934 

parasites  in,  979 
pigmentation  of,  933 
porencephalus,  979 
preservation  of,  998 

removal,  post-mortem,  of,  992 
in  hydrocephalus,  1024 

sand,  376,  910,  912,  920,  927 
^clerosis  of,  971 

softening  of,  940,  964 
structure  of,    942 

syphilis  of,  975 
thrombosis  of,  940 

tuberculosis  of,  918,  974 
tumors  of,  976 
vascular  changes  in,  933 
ventricles,  nature  and  lesions  of,  924 

tumors  of,  927 

vessel  walls,  lesions  of,  942 
weight  of,  993,  1025 

Branchial  fistulse  and  cysts,  647 
Braurt worthy  on  cysts  of  kidney,  ref.,  774 
Breasts  (see  Mamma),  842 
Breus,  on  cysts  of  uterus,  ref.,  813 
Brewer,    on    infection    of    kidney    after 

injury,  ref.,  152;  on    inversion    of  ap- 
pendix vermiformis,  ref.,  688 

Brieger  and  Ehrlieh,  on  degenerations  in 

spinal  cord,  948 
Bright  s  disease  (see  Nephritis),  753 
Brigidi  and  Piccoli,  on  persistent  thymus 

and  Hodgkin's  disease,  ref.,  511 
Brill  and  Libman,  on  calcification  of  liver, 

ref.,  722 
Brill,     Mandlehaum,     and    Libman,    on 

primary    splenomegaly,    ref.,    508 
Brinckerhoff,   on    leprosy   in  the    United 

States,  ref.,  270 

Brinckerhoff  and  Tyzzer,  on  experimental 
smaIlf)ox  in  monkeys,  ref.,  306 

Bronchi,  586 
calcification  of,  592 
casts  of,  589 
dilatation  of,  589 

examination,  post-mortem,  of,  1009 
luemorrhage  of,  586 
inflammation  of  (see  Bronchitis),  586 
lung  stones  in,  592 
occlusion  of,  591 

preservation  of,   1010 

syphilis  of,  589 

Bronchi,  tuberculosis  of,  589,  591 
tumors  of,  591 

Bronchiectasia,  589 

Bronchiolitis,  exudativa,  589 
acute  catarrhal,  586 

capillary,  587 
chronic  catarrhal,  588 

croupous,  588 
fibrinous,  589 

pseudo-membranous,  588 

purulent,  586 

syphilitic,  589 
tuberculous,  589 

Broncho-pneumonia,  608 
excitants  of,  613 

persistent,  611 
tuberculous,  624 

"  Bronze  skin,"  54 
Brood  capsules  of  tapeworm,  125 
Brooks,  on  acromegalia,  ref.,  438 
Branch,  on  oesophageal  diverticula,  ref., 652 

on  trauma  and  formation  of  malig- 
nant tumors,  ref.,  345 

Brouardel,  on  sudden  death,  ref.,  448 
'*  Brown  atrophy,"  56 

Brown,  on  snake  poisons,  ref.,  424 

Brown  and  Thiry,  on  diphtheritic  septi- 
cemia, ref.,  284 

Brumpt,  on  parasites,  132 
Brunn,  on  peritonitis,  ref.,  696 

Bnms  and  Kayser,  on  agglutinative  reac- 
tions of  colon-typhoid  group,  ref.,  246 

Bubo,  485 
Buboes,  272 

Bubonic  plague,  288 

Buchbinder,    on     entrance    of    bacteria 
through  intestine,  ref.,  694 

Buday,  on  cystic  adenoma  of  mamma, 
ref.,  850 

Buerger,  on  S.  mucous  capsulatus,  ref., 
221 

Bunting,  on  haemolysis,  ref.,  174 
Burn  ham,  on  actinomycosis  of  appendix, 

ref.,  691 
Burns,  death  from,  10 

Busse,  on  tumors  of  kidney,  ref.,  777 
Butler,  on  abnormalities  of  thoracic  duct, 

ref.,  576;  on  membranous  enteritis, 
ref.,  682 

Biittner,  on  peritonitis,  ref.,  694 
Buxton,  on  giant  cells,  ref.,  103 
Buxton  and  Torrey,  on  absorption  from 
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peritoneum,  ref.,  Ill;  694;  on  dis- 
posal of  bacteria  in  blood,  ref.,  151 ; 

on  removal  of  alien  substances 

from  peritoneal  cavity,  ref.,  99 

Cachexia  in  tumors,  343 
strumipriva,  429 

Cadaveric  lividity,  986 
Caecum,  inflammation  of,  682 
Caisson  disease,  11 

congestion  of  brain  in,  934 
Calcareous  infiltration,  50 
Calcification  in  tissues,  51 

of  arteries,  559 
heart,  535 

kidney,  750,  753 
liver,  722 
muscle,  872 

penis,  855 
placenta,  823 
pleura,  639 
veins,  573 

Calcium  carbonate  in  gall-stones,  744 
salts  in  blood,  452 

tissues,  51,  52 
demonstration  of,  52 

Calculi,  ref.,  52,  789 
biliary,  743 

of  appendix,  686 
bladder,  urinary,  789 

composition  of,  789,  790 

gall-bladder  and  -ducts.  743 
intestine,  690 

kidney,  774 

pancreatic  ducts,  707 

prepuce,  855 
prostate,  866 
seminal  vesicles,  863 
tonsil,  ref.,  649 

tonsillar,  52 

Calkhis,  on  protozoa,  ref.,  115;  on  spiro- 
chetes,  ref.,  119;  on  vaccine  bodies, 

307 

Callus  in  healing  bone,  878 
Calmette  andGuerin,  on  intestinal  origin  of 

pulmonary  tuberculosis,  ref.,  264 
Campbell y  on  leptothrix,  ref.,  232 
Cancer  (see  Carcinoma).  395,  400 

bodies,  347 
cell,  402 

Canon,  on  bacteriology  of  blood,  ref.,  470 
Canon     and    Pivlickey     on    excitant    of 

measles,  310 

Cantharides  poisoning,  422 

CappSy  on  aneurism  of  coronary  arteries, 
ref..  570 

Capsules,  blood,  of  tapeworm,  125 
Carbolic  acid  poisoning,  423 

Carbonic-oxide  poisoning,  425 
Carbuncle,  200,  228 

Carcino-adenoma,  398 
Carcinoma,  395,  400 

and  tuberculosis,  ref.,  267 
alveolar,  414 
characters  of,  400 
colloid,  ref.,  412 

cylindrical-celled,  405,  410 
encephaloid,  412 
epitheliomatous  type,  406 
fibro-,  411 

gelatinous,  406,  412 

giant-celled,  410 
medullary,  412 

melano-,  415 
mitosis  in,  402 

molle,  412 

myxomatodes,  414 
neuro-,  410 
of  adrenals,  517 

appendix  vermiformis,  690 
arteries,  571 

bladder,  urinary,  788 
bone,  903 
brain,  977 
bronchi,  591 

dura  mater  spinalis,  922 

gall-bladder  and  -ducts,  743 
Fallopian  tubes,  841 
heart,  556 
int<?stine,  690 
kidney,  777 

larynx,  585 

lips,  645 liver,  736 

lung,  635 

lymph-nodes,  497 mamma,  850 

mamma,  male,  867 
mouth,  645 
muscle,  875 
nerves,  979 

oesophagus,  653 
ovarv,  830 

pancreas,  706 

penis,  855 
pericardium,  522 
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Carcinoma  of  peritoneum,  699 

pharynx,  051 
pleura,  642 
prostate,  866 
salivary  glands,  701 
seminal  vesicles,  863 

spleen,  510 
stomach,  663 

statistics  of,  664 
testicle,  861 
thyroid,  514 
tongue,  646 
urethra,  792 
uterus,  815 

vagina,  797 
veins,  575 
ventricles  of  brain,  927 
vulva,  795 

scirrhus,  411 

serum  injections  in,  356 
simplex,  406,  411 

squamous,  405 
telangiectoides,  412 
transplantation  of,  in  mice,  356 

Caries  of  bone,  891 

Carlisle y  on  relapsing  fever,  292 
Carotid  gland,  517 
Carrelf  on  tissue  transplantation,  78 
Carrel  and  Guthrie,  on  transplantation  of 

organs,  ref.,  78 
Carroll,  on  mosquito  in  yellow  fever,  ref., 

303 

Carter,    on    excretion    of    pigment    by 
kidney,  ref.,  755;  on  mosquito  in  yellow 
fever,  ref.,  303 

Cartilage  in  pia  mater  spinalis,  923 
loose,  in  joints,  907 
regeneration  of,  76 

Cary  and    Lyon,   on   pneumococcus    in- 
flammation, 219 

Caryochromes,  943 
Caseation,  59 

Caatellani,  on  yaws,  293 
Casts  of  kidney,  749 
Catarrh,  dry,  588 

purulent,  199 
Catarrhal  fever,  epidemic,  233 
Cave,  on  pneumococcic  arthritis,  ref.,  904 
Cecil,  on  relation  of  pancreas  to  diabetes, 

ref.,  435 
CelN,  atrophy  of,  36 

•'beaker?'  46 

blood,  red,  (see  Blood  cells),  456 

Cells,  white,  (see  Leucocytes),  459 
changes  in,  35 

chemistry  of,  as  related  to  Ehrlich's 
hypothesis,  166 

degeneration  of,  36,  39 
division,  amitotic,  65,  67 

direct,  65,  67 
indirect,  65 
mitotic,  65 

modes  of,  64 

giant,  in  epithelioma,  410 
inclusions  in  tumors,  347 
"mother,"  586 

necrobiosis,  36 
necrosis  of,  36 

prickle,  406 
regeneration  of,  64,  68,  167 

impulse  to,  79 
regressive  changes  in,  35 
relationship  of,  to  organs,  5 
serous  infiltration  of,  45 
significance  of,  4 

spider,  in  glioma,  387 

spinal,  406 
Celloidin  as  tissue  embedding  medium, 

1031 

Cephalhsematoma,  1024 
Cephalocele,  928 
Cerebellar  ataxia,  963 

Cerebellum,  atrophy  of,  963 
(Cerebrum,  malformations  of,  927 
C^renville,  Tavel,  etc.,  on  necrotic  colitis, 

ref.,  681 

Cervix  uteri,  hyperplasia  of,  805 
Cestoda,  124 

Chalk-stones,  436 
Chalicosis  of  lung,  616 
Chancre,  271 

soft,  228 
Chancroid,  228 

Chantemesse  and  Podwyssotsky,  on  circu- 

latory disturbances,  ref.,  34;  on  condi- 
tions of  disease,  ref.,  14;  on  fever,  ref., 

441 

ChapmaUf  on  kidney  lesions  in  scarlatina, 
ref.,  307 

Charbon,  228 

Charcot-Leyden  crystals,  589,  897 
Cheesman  and  Meltzer,  on  local  predispo- 

sition in  infection,  ref.,  152 

Cheesy  degeneration,  59 
Cheloid,  364 
Chemotaxis,  85,  137 
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Chemo taxis,  negative,  85 

Chiariy   on   auto-digestion   of   pancreas, 
ref.,  702;  on  atypical  typhoid,  ref.,  243; 
on  syphilitic  aortitis,  ref.,  567 

Chibret,  on  adamantinoma,  ref.,  416 
Chittenden  and  Albro^  on  skin  pigment, 

ref.,  55 

Chlamydozoa,  309 
Chloral  hydrate  poisoning,  424 
Chloroform,    in    experimental    cirrhosis, 

730 

liver  degeneration  after  use  of,  716 

poisoning,  424,  716 
Chloroma,  376,  478 
Chlorosis,  471 
Cholaemia,  13 

Cholangitis,  740 
Cholecystitis,  740 
Cholelithiasis,  743 
Cholera,  Asiatic,  247 

''carriers,"  249 
communicability  of,  249 
diagnosis  of,  249 
immunity  in,  170 
lesions  of,  248 

preventive  inoculation  in,  250 
spirillum  of,  247,  249 
chicken,  bacillus  of,  289 

spirillum,  reproduction  of,  135 
Cholesteatoma,  379 

of  pia  mater  cerebralis,  920 

Cholesterin  in  gall-stones,  744 
Chondroma,  383 

of  bone,  900 
bronchi,  591 

choroid  plexus,  927 
clitoris,  795 

dura  mater  cerebralis,  911 

spinalis,  922 
heart,  556 

larynx,  585 

lips,  645 
liver,  737 

lung,  634 

lymph-nodes,  497 
mamma,  848 
mouth,  645 
muscle,  875 

ovary,  829 
peritoneum,  697 
pia  mater  cerebralis,  920 
salivary  glands,  700 
testicle,  860 

Chondroma  of  veins,  575 

uterus,  813 
osteoid,  900 

Chondro-sarcoma,  376 
Chorda  dorsalis,  384 
Chordae  tendinse,  abnormal,  525 
Chordoma,  384 

Chorionepithelioma,  820 

hydatid  moles,  relation  to,  826 
of  pregnancy,  820 

testicle,  822,  863 
with  teratoma,  822 

Chorionic  villi,  820 

wandering  cells,  821 

Choroid  plexus,  brain  sand  in,  927 

cysts  of,  927 
lesions  of  (see  Ependyma),  924 
tumors  of,  927 

Christian  J  on  myeloma,  ref.,  902 

on  pneumonic  exudates,  ref.,  605 
Chromatic  figure  in  mitosis,  66 
Chromatolysis,  947,  949,  950,  958 
Chromophilic  bodies,  943. 
Chromosomes,  65 
Cicatricial  tissue,  93 
Circle  of  Willis,  933 
Circulation,  collateral,  18 

disturbances    of,    favoring    throm- 
bosis, 25 

in  living  animal,  study  of,  34,  111 
of  blood,  83 

Circulatory  system,  518 

Cirrhosis  hepatis  anthrotica,  730 
of  liver  (see  Liver,  cirrhosis  of),  725 

Citron,  on  immunity,  ref.,  165 
Cladothrix,  136 

Clair monty  on  action  of  saliva  on  bacteria, 
ref.,  150 

Clasmatocytes,  366 

C leggy    on    cultures    of    B.    lepra;,    ref., 269 

Clitoris,  anomalies  of,  793 
Cloacae,  668 

Clostridium  forms  of  bacteria,  134 
Clots,  heart,  531 
Club-foot,  326 
Club-hand,  326 

Cloudy  swelling  (see  Degeneration,  albu- minous), 39 

Coagulation  necrosis,  58,  59 
in  tuberculosis,  254 

of  blood,  452 

CoatSy  on  tumor  of  pineal  gland,  983 
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Cohbett    and    Mehomey    on     granulation 
tissue  in  infection,  ref.,  152 

Cocci,  134 
Coccidia,  121 

oviforme,  121 
in  liver  J  740 

Coccus,  diplo-,  135 
strep  to-,  135 

Coco,  on  colorability  of  living  cells,  ref., 
1027 

Cohnheim's     hypothesis     of     origin     of 
tumors,  344,  351 

Colchicum  poisoning,  422 
Cole,  on  typhoid  meningitis,  ref.,  243 
Coleman  and  Buxton,  on  typhoid  bacilli 

in  blood,  244 
Colitis,  675 

acute  catarrhal,  675 
acute  infectious,  675,  677 
amoebic,  676 
chronic,  682 

croupous,  680 
excitants  of,  675,  677,  678,  681 

experimental,  ref.,  678 
membranous,  682 
mucous,  682 
necrotic,  681 
nodular,  680 

pseudo-membranous,  680 
Collateral  circulation,  17 
Collodium  sacs,  ref.,  319 
Colloid  degeneration,  45,  47 

technique  of  staining,  47 
Colocynth  poisoning,  422 
Colon  bacillus  (see  B.  coli  communis),  214 

group,  214 
dilatation  of,  671 
inflammation  of  (see  Colitis),  675 

Complement,  177 
deviation  of,  189 
fixation  of,  189 

in  whooping-cough,  317 
Concretions  in  appendix  vermiformis,  686 

in  intestine,  690 

pancreas,  707 
Concurrent  infection,  157 
Condyloma,  272 

pointed,  of  vulva,  794 
Cone,  on  chronic  gastritis,  658 

on  tuberculous  oesophagitis,  ref.,  653 
Conforti,  on  tumors  of  omentum,  ref.,  698 
Congenital  abnormalities,  320 

infection,  ref.,  151,  157 

Congestion  (see  Hyperaemia),  16,  594 
chronic,  19 

hypostatic,  19,  594 
post-mort«m,  986 
venous,  17 

Conium  poisoning,  425 

Conjunctiva,  trachoma,  308 
Conjunctivitis,  gonorrhceal,  222 
Connective  tissue,  regeneration  of,  73 

tumors,  357 

Connelly  on  fat  embolism,  ref.,  34 
Constitutio  lymphatica,  439 
Contagium,  ref.,  159 
Contrecoup,  injury  by,  930 

Contusions,  post-mortem,  989 
Cooling  of  body,  post-mort«m,  988 
Coplin,  on  branchial  cysts,  ref.,  647;  on 

pulmonary    oedema,    ref.,   595;    on 
tumors  of  oesophagus,  ref.,  654 

Copper  poisoning,  422 
Corner    and  Fairbanks,    on    sarcoma    of 

stomach,  ref.,  663 

Cornet,  on  tuberculosis,  268 
Comet  and  Meyer,  on  tuberculosis,  268 
Comil  and   Carnot,   on   regeneration   of 

mucous  membranes,  ref.,  71 

Corning,  on  cysts  of  appendix,  ref.,  686; 
on    diverticula    of    appendix,    ref., 
668 

Corpora  aliena  articulorum,  907 

amylacea,  50 
in  brain,  941 

ependyma,  927 
prostate,  866 

cavernosa,  inflammation  of,  854 

plates,  fibrous,  in,  854 

Corpuscles,  Gluge's,  941,  966 
Corrosive  sublimate  as  fixative,  1030 

for  blood,  467 

poisoning,  421 
kidney  in,  51,  750,  753 

Councilman,  on  acute  interstitial  nephri- 
tis, ref.,  759;  on  arterio-sclerosis,  565; 

on  cerebro-spinal  meningitis,  ref.,  224; 
on  excitant  of  smallpox,  306;  on 

gonorrhceal  myocarditis,  ref.,  538;  on 
lung  lobule,  ref.,  602;  on  sudden  deaths 
due  to  heart,  ref.,  528 

Cou7icilman  and  Lafleur,  on  amoeba  dy- 
senteriae,  115 

Councilman,    Mallory,    and    Pearce,   on 

bacteriology  and   pathology  of  diph- 
theria, ref.,  283 
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Councilman^  Malloryj  and  W right j  on 

cerebro-spinal  meningitits,  ref.,  225 
Coupland  and  Pasteur^  on  tumors  of 

spinal  cord,  ref.,  977 

Courmont  and  Duffau,  on  spleen  in  in- 
fection, ref .,  151;  ref.,  504 

Cowie,  on  differentiation  of  smegma  and 
tubercle  bacilli,  ref.,  267 

Cowper's  glands,  lesions  of,  867 
Coyne  and  CavaliS,  on  experimental  neph- 

ritis, ref.,  769 

Coyon,  on  bacteria  of  stomach,  ref.,  659 
Craig f  on  entamoeba  histolytica,  ref.,  116 

Cramer,  on  sunstroke,  437;  on  transplan- 
tation of  ovary,  ref.,  78 

Craniopagus,  330 
Craniorrhachischisis  totalis,  324 
Cranioschisis,  324 
Craniotabes,  894 

Craw,  on  agglutination  of  typhoid  bacilli, 
ref.,  246 

Crenothrix,  136 
Cretinism,  430 

Croton  oil  poisoning,  422 
Croup,  583 
Crowder,  on  tuberculous  lymphadenitis, 

ref.,  488 

Cryptorchismus,  856 
Culex,  in  avian  malaria,  314 
Cullen,  on  adenomatous  myoma  of  uterus, 

ref.,  813;  on  calcification  of  heart 
muscle,  ref.,  541;  on  carcinoma  of 

uterus,  815;  on  cysts  of  Bartholin's 
glands,  ref.,  795;  on  cysts  of  vagina, 
ref.,  797;  on  frozen  sections,  1028;  on 

hydrosalpinx,  ref.,  838;  on  myoma  of 

round  ligament,  ref.,  813;  on  peri- 
tonitis, ref.,  694;  on  sarcomatous 

changes  in  myoma  of  uterus,  ref.,  813; 
on  tuberculosis  of  uterus,  ref.,  806; 

Cunningham,  on  death  from  electric  cur- 
rents, ref.,  11;  on  lesions  of  thyroid, 

ref.,  429 
Curare,  use  of,  ref.,  34 
Ciirrie,  Brinckerhoff,  and  H oilman,  on 

cultures  of  B.  leprae,  ref.,  269 
Curschmaiin,  on  B.  typhosus  in  bladder, 

ref.,  786 

Curschmann's  spirals,  589 
Ciishing,  on  gall-bladder  infections,  ref., 

742;   on    gonococcus    peritonitis,   ref., 

694;  on  role  of  micro-organisms  in  gall- 
stones, ref.,  745 

67 

Cyclopia,  325,  927 
Cylmdroma,  380 
Cystadenoma  adamantinum,  415 

of  mamma,  850 
ovary,  830 

glandular,  832 

papillary,  835 
Cysticercus  cellulosae,  124 

in  brain,  979 

heart,  556 
kidney,  781 
muscle,  875 

peritoneum,  699 
pia  mater  cerebralis,  921 

spinalis,  923 
in  spleen,  511 

ventricles  of  brain,  927 
tflenise  mediocanellatse,  124 

Cystitis,  acute  catarrhal,  783 
chronic,  784 

croupous,  785 

emphysematous,  786 
en  plague,  785 
excitants  of,  786 

exudative,  783 

hyperplastic,  785 
necrotic,  784 
nodular,  785 

suppurative,  785 
tuberculous,  786 

with  pyelo-nephritis,  771 
Cystocele,  795 

vaginal,  782 

Cysts,  359 atheromatous,  561 
branchial,  645,  647 
ciliated,  ref.,  361 

congenital,  360 
daughter,  125 
dermoid,  360 

of  bladder,  urinary,  788 

bone,  903 
choroid  plexus,  927 

lungs,  635 
mouth,  645 
muscle,  875 

nose,  581 
ovary,  836 

penis,  855 
peritoneum,  699 
scrotum,  855 

skin,  360 

spleen,  510 
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Cysts,  dermoid  of  thymus,  511 
thyroid,  514 

echinococcus,  125 

follicular,  of  ovary,  836 
foreign  body,  360 

grand-daughter,  125 
hydatid,  125 
of  appendix  vermiformis,  686 

bladder,  urinary,  788 
bone,  903 
brain,  979 

choroid  plexus,  927 
Fallopian  tubes,  841 
intestine,  690 
kidney,  772 
liver,  737 
mamma,  852 

male,  867 

mesentery,  699 

oesophagus,  654 
omentum,  699 

ovary,  360,  830,  836,  837 

pancreas,  706 
parovarium,  837 
j>ericardium,  522 
pia  mater  cerebralis,  921 
placenta,  826 

pleura,  642 
prostate,  866 
spinal  cord,  978 

spleen,  510 
stomach,  666 

tongue,  646 
urethra,  792 

uterus,  822 

vagina,  797 
vulva,  795 

preservation  of,  1039 
retention,  360 

of  Cowper's  glands,  867 
larynx,  585 

retroperitoneal,  699 
retro-ovarian,  841 
sebaceous,  of  penis,  855 
transudation,  360 

Cysto-sarcomata,  375 
Cytase,  179 

Cytolysins,  anti-,  175 
Cytofysis,  60,  171,  174 

Ehrlich's  hypothesis,  application  of, 
to,  176 

in  liver,  715 

phagocytes  in,  178 

Cj'toljrtic  substances.  171,  174 
Cj'toryctes  vaccinae,  305 

variolffi,  116 

Cj'totoxlns,  anti-,  175 

DaCosta,  on  blood,  ref.,  452 

Dagonet,  on  tumors  of  dura  mater,  ref., 
911 

Dahms,  on  differentiation  of  smegma  and 
tubercle  bacilli,  ref.,  267 

Daughter  cysts,  echinococcus,  125 
Davenport,  on  chemotaxis,  ref.,  86 

Davis,  on  adrenals,  ref.,  516;  on  B.  influ- 
enzsB,  ref.,  234;  on  diabetic  gangrene, 

ref.,  434;  on  Ducrey's  bacillus,  228;  on 
excitant  of  whooping-cough,  ref.,  317; 
on  meningococcus  in  blood,  ref.,  225 

Dayton,  on  haemolymph-nodes,  ref.,  498 
Dead  tissues,  disposal  of,  in  body.  98, 103 
Death,  black,  288 

causes  of,  9 

sudden,  446 

and  persistent  thymus,  ref.,  440, 
448 

in  status  lymphaticus,  439, 

448 
lesions  leading  to,  446 

violent,  442 

time  of,  as  determined  post-mortem, 988 

Decalcification  of  tissues,  1031 
Deciduoma  malign um,  820 

Decomposition,  post-mortem,  987 
Degeneration,  39 

acute,  39 
albuminous,  39 

of  heart,  533 
kidney,  751 
liver,  716 

muscle,  871 

pancreas,  703 stomach,  656 

amyloid,  48 
of  adrenals,  515 

arteries,  558 

heart,  535 
intestine,  671 
kidney,  753 
liver,  720 

lymph-nodes,  482 muscle,  872 

pancreas,  703 
placenta,  823 
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Degeneration,  amyloid  of  spleen,  500 
stomach,  656 

thyroid,  512 
uterus,  803 

tests  for,  50,  1012 
ascending,  of  nervous  system,  954 
axonal,  948 
cheesy,  59 
colloid,  45,  47 

of  thyroid,  512 
combined  system,  962 

descending,  in  nervous  system,  953 
diffuse,  of  spinal  cord,  963 
fatty,  40,  41 

of  arteries,  557 
endocardium,  535 
kidney,  752 
heart  muscle,  534 

joints,  903 
liver,  720 
muscle,  871 

pancreas,  703 
placenta,  823 
prostate,  863 
stomach,  656 

uterus,  803 
veins,  593 

glycogenic,  44 
of  kidney,  753 

liver,  721 
granular,  39 
hyaline,  48 

of  arteries,  558 
heart,  535 

lyijiph-nodes,  482 
muscle,  871 

pancreas,  703 
prostate,  863 
thyroid,  512 

hydropic,  45 
in  inflammation,  97 
lardaceous,  48 
mucous,  45 

myelinic,  43 
neurone,  946 

of  dendrites,  946 

ganglion    cells,    ref.,     965, 
966 

neurone  systems,  951 
nerves,  970 
nervous  system,  946 

parenchymatous  (see  Degeneration, 
albuminous),  39 

Degeneration,  neurone  of  kidney,  751 
liver,  716 

primary,  of  nervous  system,  953 
secondary,  of  nervous  system,  953 
waxy,  48 

of  muscle,  872 

Delafieldj  on  colitis,  675 

Delafield's  haematoxylin  solution,  1035 
Delamare,  on  syphilitic  nephritis,  ref.,  770 
Delamare  and  Lecene,  on  giant  cells  in 

carcinoma,  ref.,  410 
Dendrites,  943 

degeneration  of,  947 

Dermacentor  occidentalis  as  agent  of  in- 
fection in  Rocky  Mountain  fever,  301 

Dermatitis,  blastomycotic,  146 
Dermoid  cysts  (see  Cysts,  dermoid),  360 
Desmoid,  565 

De  Witty  on  dysmenorrhoea,  ref.,  804;  on 
islands  of    Langerhans,  ref.,  704;   on 
myositis  ossificans,  ref.,  874 

Diabetes,  bronzed,  435 
mellitus,  434 

internal  secretions  in,  435 

phloridzin,  435 
Diapedesis,  86 

haemorrhage  by,  20 

Diaphragm,  eventration  of,  692 
examination,  post-mortem,  of,  1003 
malpositions  of,  691 
vault  of,  1003 

Diastematomyelia,  928 
Diaster  phase  of  mitosis,  66 
Diathesis,  hemorrhagic,  22 

Dicephalus,  331 

Dieudonncy  on  plague  bacillus,  ref.,  288 
Digestive  system,  643 
Digitalis  poisoning,  425 
Dioxydiamidoarsenobenzol,  119 

Diphtheria,  282 
antitoxin,  164,  285 

theory  of,  165 
bacillus  of,  282,  283 
bacteriology  of,  283 
communicability  of,  285 
concurrent  infections  in,  284 

diagnosis  of,  285 
immunization,  artificial,  in,  ref.,  304 
lesions  in,  282 

of  larynx,  583 
of  pharynx,  648 

pseudo-,  212 
septiccemia  in,  284 
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Diphtheria,  toxin,  164,  285 
Diplobacilli,  135 
Diplococci,  135 
Diplococcus  intracellularis  meningitidis, 

223 

characters  of,  225 

pneumonia?,  217 
character  of,  218 
in  mouths  of  healthy  persons, 

ref.,  219 
occurrence  of,  219 

t  sources  of,  219 
staining  reactions  of,  220 

Diplomyelia,  928 
Diprosopus,  331 

Dipygi,  330 
Disease,  adaptation  to,  8 

characters  of,  4 
conditions  of,  8 

external,  9 
internal,  9 

contagious,  ref.,  159 
disposition  to,  8 
excitants  of,  5 

general,  429 
infectious,  156 

bibliography  of,  319 
classification  of,  197 
communicable,  159 
communicability  of,  158 
definition  of,  160 
endemic,  159 

epidemic,  159 
general  considerations,  197 
non-communicable,  159 
of  animals,  319 

unknown  origin,  318 

pandemic,  159 
occupational,  9 

**  specific,"  197 
Disposition  to  disease,  8 
Distoma  haematobium,  123 

hepaticum,  123 
in  liver,  739 

veins,  575 
lanceolatum,  123 
sinense,  123 

Diverticula,  false,  of  intestine,  668 

Meckel's,  667 
of  bladder,  urinary,  782 

intestine,  667 

oesophagus,  652 

phar>'nx,  647 

Djetvitsky,   on   tumors   of  heart   valves, 
ref.,  556 

Dmochowski  and  Janowski,  on  cysts  in 

liver,  ref.,  736;  on  pyogenic  powers  of 

typhoid  bacilus,  ref.,  244 

Dohrowolskiy  on  lymph-nodules  of  lar>*nx, 
etc.,  ref.,  649 

Dockf  on  chloroma,  ref.,  376;  ref.,  479; 
on  sarcoma  of  stomach,  ref.,  663;  on 
trichomonas,  ref.,  120 

Dock  and  Warthin,  on  chloroma,  ref.,  479 
Donath  and  Landsleiner^  on  paroxysma 

hsemoglobinuria,  ref.,  456 
Dorset,  on  invisible  microbes,  ref.,  319 

Doty,  on  quarantine  in  yellow  fever,  ref. 
303 

Doted,   on   cervical   tuberculous  lymph- 
nodes,  ref.,  487;  on  cysts  of  mesentery, 
ref.,  699 

Dropsy,  22,  518 
Drowning,  death  from,  443 

Drysdale's  corpuscles,  835 
Ducrey's  bacillus,  228 
Duct,  thoracic,  lesions  of,  576 
Dum-dum  fever,  119 

Dunbar,  on  typhoid  fever,  ref.,  244 
r.  Dungern,  on  immunity,  196 
Dura  mater  cerebralis,  908 

bone  in,  911 

haemorrhage  of,  908 

inflammation  of    (see    Pa- 
chymeningitis), 909 

structure  of,  908 

syphilis  of,  911 thrombosis  of,  908 
tuberculosis  of,  911 
tumors  of,  91 1 

examination,   post-mortem,    of, 
992 

methods  of  hardening,  998 

spinalis,  921 
bone  in,  922 
hsemorrhage  of,  922 

inflammation   of    (see   Pa- 
chymeningitis), 922 

parasites  of,  922 
structure  of,  921 
tuberculosis  of,  922 
tumors  of,  922 

Diirck,  on  bacteria  in  lungs  of  children, 
ref.,  614 

Durham,  on   mosquito  in  yellow  fever, 
ref.,  303 
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Dust  infection  in  tuberculosis,  265 
Dutton    and    Todd,    on    tick    fever    in 

monkevs,  293 

Duval,  on  cultures  of  B.  leprae,  ref.,  269 
on  parasites  of  scarlatina,  ref.,  307 

Dysentery  (see  Colitis),  675 
amoebic,  ref.,  116 
bacillus  of,  247,  677 

Dysmenorrhoea,  membranous,  804 

Dyspna?a,  9 
Ear,  internal,  examination,  post-mortem, 

of,  998 
middle,   relation  of,   to  meningitis, 

ref.,  917 
Eber,  on  animal  tuberculosis,  ref.,  263 
Ecchondroses,  384 

Ecchymoses,  21,  989 
Echinococcus,  125 

cysts,  125 
exogena,  126 
in  brain,  979 

heart,  556 
kidney,  781 
liver,  738 
muscle,  875 

peritoneum,  699 

pleura,  642 
prostate,  866 
spleen,  511 
testicle,  863 

thyroid,  514 
uterus,  822 
veins,  575 
ventricles  of  brain,  927 

multilocularis,  126 

scolecipariens,  126 
Eckersdorff,  on  sarcoma  of  lung,  ref.,  634 
Eclampsia,  lesions  of  liver  in,  716,  718 
Ectopia  cordis,  323 
Ectopic  pregnancy,  841 
Ectosarc,  116 

Eden,  on  placenta,  ref.,  822 
Edsall  and  Ghriskey,  on  communicability 

of  pneumonia,  ref.,  606 
Egg  albumen  for  fixing  section  to  slide, 

1028,  1034 

Ehrlich's  hypothesis,  176 
Ehrlich,  on  experimental  tumors  of  mice, 

ref.,  351;  on  immunity,  196;  side  chain 
hypothesis    of,  165;   triacid   stain   for 
blood,  468 

Ehrlich  and  Apolant,  on  tumor  transplan- 
tation, ref.,  354 

Ehrlich  and  Lazarus,  on  diseases  of  blood, 
ref.,  471 

Elaterium  poisoning,  422 
Elbe,  on  calcification  of  kidney,  ref.,  753 

Electricity,  action  of,  on  bacteria,  138 
death  from,  10 

Elephantiasis  of  penis,  855 
scrotum,  855 

vulva,  794 

Eher,  on  cerebro-spinal  meningitis,  ref., 225 

Eher  and  Hunioon,  on  meningococcus  in 
blood,  ref.,  225 

Elting,     on    gonorrhoea,     ref.,    221;    on 
gonococcus,  ref.,  223 

Embedding  tissues,  1031 
Emboli,  28 

air,  34 

fat,  29,  34,  469 
of  lungs,  595 

forms  of,  29 
liver-cell,  ref.,  29 

parenchyma-cell,  ref.,  29 
placental-cell,  ref.,  29 
sources  of,  31 

tumor-cell,  34 
Embolism,  28 

effects  of,  29 
of  arteries,  571 

brain,  940 
cerebral  arteries,  31 
kidney,  748 
mesenteric  vessels,  671 

spinal  cord,  942 

spleen,  502 
paradoxical,  32 
retrograde,  32 

study  of,  in  living  animal,  34 
Emerson,  on  experimental  nephritis,  ref., 

769;  on  pneumothorax,  ref.,  637 

Embryo,  age  of,  to  determine,  1023 
malformations  of,  320 
size  of,  1023 

Emphysema  of  bladder,  urinary,  786 

lung,  597 
interstitial,  599 
vesicular,  597 

Empyema,  199,  638 
excitants  of,  639 

Encephalitis,  in  new-born,  972 
suppurative,  965 
chronic,  971 
hemorrhagic,  965 
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Encephalitis,  acute,  964 
disseminated,  965 

parenchymatous,  ref.,  965 
Encephalocele,  928 
Encephalomeningocele,  325 
Enchondroma  (see  Chondroma),  383 
Endarteritis,  559 

obliterating,  560 

of  coronary  arteries,  537 
Endemic  disease,  159 
Endocarditis,  542 

acute,  543 
bacteria  in,  544 

chronic,  547 
ulcerative,  548 

gonorrhoeal,  ref.,  545 
infective,  ref.,  545,  547 
malignant,  544 

bacteria  in,  544 

mycotic,  544 
stenosis  of  valves  in,  548 
thrombi  in,  546 
tuberculous,  548 
ulcerative,  acute,  543 

chronic,  548 

malignant,  544 
vegetations  in,  543,  546,  548 
verrucous,  543 

Endocardium,  degeneration  of,  535 
lesions  of,  530,  542 

Endometritis,  804 
acute  catarrhal,  804 
chronic,  804 
exfoliative,  804 
membranous,  806 

puerperal,  808 
tuberculous,  806 

syphilitic,  807 
Endometrium,  hyperplasia,  glandular  of, 

805 

inflammation  of  (see  Endometritis), 
804 

Endophlebitis,  573,  574 
Endosarc,  116 
Endothelioma,  377 

of  adrenals,  517 

appendix  vermiformis,  690 
bone,  901 
brain,  977 
dura  mat^r  cerebralis,  911 

spinalis,  922 
kidney,  776 
liver,  735 

Endothelioma  of  lung,  634 

lymph-nodes,  497 
lymph-vessels,  577 
nerves,  979 
ovary,  830 

pericardium,  522 
peritoneum,  698 
pia  mater  cerebralis,  920 

spinalis,  923 

pleura,  641 
salivary  glands,  700 

thymus,  511 

thyroid,  514 
uterus,  813 

vagina,  797 
Endothelium,  regeneration  of,  75 
Endotoxin,  152 

bacterial,  139 

Energy,  cell,  3 
transformations  of,  in  cells,  35 

EngelkeUf    on    adenoma    of    kidney    ia 
children,  ref.,  776 

Enostoses,  899 

Entamoeba  histolytica,  115 
in  colitis,  676 

Enteritis,  acute  catarrhal,  672 
chronic  catarrhal,  672 
exudative,  673 
follicular,  672 
nodular,  672 

phlegmonous,  ref.,  673 
pseudo-membranous,  672 
streptococcus,  ref.,  681 

suppurative,  673 

syphilitic,  674 tuberculous,  673 
Enteroliths,  690 

Enzymes,  bacterial,  139 
proteolytic,  in  phagocytes,  105 

Eosin-hsematoxylin  stain  for  nerve 
tissue,  981 

Eosinophile  cells,  461 

Ependyma,  924 

cysts  of,  927 inflammation  of,  924 
lesions  of,  924 
method  of  hardening,  998 

parasites  of,  927 
tumors  of,  927 

Ependymitis,  924 
Epicardial  nodules,  521 
Epidemic  disease,  159 

Epididymitis,  858 



INDEX 
1063 

EpignathUvS,  332 
Epispadias,  324,  781,  853 
Epistaxis,  21,  579 
Epithelial  bodies,  514 

cell  tumors  395 

pearls,  407 
Epithelioma  (see  also  under  Carcinoma), 

405,  406 
adamantinum,  415 

basal-celled,  408 

giant-celled,  410 
neuro-,  410 
of  mamma,  851 

nose,  581 
scrotum,  855 
uterus,  815 

Epithelium,  growth  of,  following  injec- 
tions of  Scharlach  R,  352 

regeneration  of,  71 

Epulis,  373 
of  mouth,  645 

Erdheim,  on  thyroid,  ref.,  512 

Erlanger,  on  Stokes- Adams'  disease,  ref., 
549 

van  Ermenghem,  on  intestinal  bacteria, 
ref.,  681 

Ernst,  on  cartilage  tumors,  ref.,  383 
on  immunity,  196 
on  metastases  in  chondroma,  ref.,  384 
on  psammoma,  ref.,  912 

Erysipelas,  211 
of  penis,  854 

vulva,  793 

Erythrsemia,  455 
Erythrocytes  (see  Blood  cells,  red),  456 

Erythrocyto-opsonins,  184 
Escherich  and  Pfaundler,  on  B.  coli,  ref., 

214 

Esser,  on  circulatory  changes  in  lungs, 
ref.,  595 

Etat  mamelonne  of  stomach,  657 
Ether  poisoning,  424 
EtiennCy  on  tuberculosis  of  endocardium, 

ref.,  548 

Ewing,  on  adipocere,  ref.,  987;  on  bacteria 
in  smallpox,  ref.,  305;  on  blood,  ref., 
452;  on  blood  changes  in  disease  of 
liver,  ref.,  734;  on  eclampsia,  ref.,  718; 
on  epithelial  cell  changes  in  measles, 
ref.,  310;  on  ganglion  cells,  ref.,  243, 
948;  on  immunity  in  typhoid  fever, 
ref.,  245;  on  lesions  of  goitre,  432;  on 
lymphatic  constitution,  ref.,  440,  448; 

on   malarial    nephritis,   ref.,    761;    on 
sudden   death,    ref.,    448;  on  syphilis, 
ref.,   276;  on  toxic    hypoleucocytosis, 
ref.,  464;  on  vaccine  bodies,  306 

Ewing  and  Strauss,  on  precipitin  test  for 
blood,  ref.,  182 

Examination,  post-mortem,  933 
Exophthalmos,  432 
Exostoses,  386,  899 
Exudates,  23,  199 

autolysis  of,  202 
in  inflammation,  87 
r6le  of,  108 

sterile,  method  of  securing,  195 
Exudation,  study  of,  on  frog,  HI 

Eye,  examination,  post-mortem,  of,  998 
malformations  of,  325,  927 

Face,  malformations  of,  643 

Faeces,  typhoid  bacilli  in,  244,  245 

Fahr,  on  syphilitic  aortitis,  ref.,  567 
Falkson,  on  tumor  of  pineal  gland,  980 

Fallopian  tubes,  838 
absence  of,  838 
closure  of,  838 

cysts  of,  841 
dilatation  of,  838 

ectopic  pregnancy,  841 
examination,  post-mortem,  of,  1020 
haemorrhage  of,  839 

hydrosalpinx,  838 
hyperplasia  of  muscle  wall,  839 
inflammation  of,  839 
malformations  of,  838 

malpositions  of,  838 

preservation  of,  1020 

pyosalpinx,  840 size  of,  1020 

changes  in,  838 

syphilis  of,  840 
tuberculosis  of,  840 
tumors  of,  841 

Falta,  on  senile  gangrene,  ref.,  58 
Faltin,  on  bacteria  of  urinary  passages, 

ref.,  786 

Famine  fever,  292 
Farcin  de  bceuf,  232 
Farcy,  226 

Farmer,  Moore  and  Walker,  on  mitosis  in 
tumors,  351 

Fat-acid  crystals,  technique  of  staining, 
ref.,  44 

emboH,  29,  34 
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Fat-acid  in  blood,  469 
necrosis,  59 
stains  for,  44,  1029 
technique  of  fixation,  44 
tissue,  regeneration  of,  77 

Fatigue,  action  of,  on  neurones,  950 
Fatty  degeneration,  40,  41 

infiltration,  40,  43 
Favus,  148 
Feldmann^  on  chordoma  of  sacrum,  ref., 

385 

FenomenoWf  on  cysts  of  placenta,  ref.,  826 
Fentvickf  on  hair  balls  in  stomach,  ref., 

666;  on  sarcoma  of  stomach,  ref.,  663 
Fermentation  and  yeasts,  146 

bacteria  in,  139 
Ferments,  bacterial,  139 
Fever,  440 

famine,  292 

catarrhal,  epidemic,  233 
hospital,  300 
inflammatory,  ref.,  204 

jail,  300 
Malta,  287 

paratyphoid,  247 
puerperal,  ref.,  204,  808 
relapsing,  292 
Rocky  Mountain  spotted,  301 
scarlet,  307 

seven-day,  292 
ship,  300 
spirillum,  292 

splenic,  228 
spotted,  300 

Rocky  Mountain,  301 
suppurative,  ref.,  204 
surgical,  ref.,  204 
Texas,  122 
tick,  301 
traumatic,  ref.,  204 

typhoid,  234 
typhus,  300 
yellow,  302 

Fibrin,  86 

Fibrinogen,  452 
Fibroblasts,  74,  93 
Fibroma,  362 

diffusum,  794 

of  penis,  855 
durum,  362 
intracanalicular,  365,  847 
molle,  362 
molluscum,  363 

Fibroma  of  appendix  vermiformis,  690 
bladder,  urinary,  786 

bone,  899 
brain,  976 
bronchi,  591 

dura  mater  cerebralis,  91 1 

spinalis,  922 
ependyma,  927 
Fallopian  tubes,  841 

gall-bladder  and  -ducts,  743 
heart,  556 
intestine,  688 

joints,  907 kidney,  776 

larynx,  585 
liver,  735 

lymph-nodes,  497 
lung,  634 
mamma,  847 
mammamale,  867 

mouth,  645 
muscle,  875 

oesophagus,  653 
ovary,  298 

penis,  855 
pericardium,  522 
peritoneum,  696 

pharynx,  650 
pia  mater  cerebralis,  920 

spinalis,  923 
pleura,  641 
sahvary  glands,  700 
scrotum,  855 

spleen,  510 
spinal  cord,  978 
stomach,  662 
testicle,  860 

tongue,  646 
uterus,  809 

vagina,  797 
vulva,  794,  795 

papillare,  809 
pericanalicular,  848 

Fibrosis,  96 

Fibrous  tissue,  hyperplasia  of,  96 

in  pulmonary  tuberculosis,  630 
FickeTf  on  flies  and  typhoid,  ref.,  245 

Fieldf  on  parasites  in  scarlatina,  ref.,  307 
Filaria  medinesis,  130 

sanguinis  hominis,  131 
in  kidney,  781 

lymph-nodes,  497 
lymph- vessels,  576 
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Filarial  lymphatic  varix,  ref.,  131 
Filariasis,  131 
First  intention,  healing  by,  82 

Firihy  on  micro-organisms  in  air,  ref., 
150 

Fischer,  on  atypical  epithelioma,  ref.,  352; 
on  cholera  spirillum,  ref.,  135;  on  false 
diverticula  of  intestine,  ref.,  668 

Fish  poisoning,  425 
Fischl,  on  foetal  infection,  ref.,  158 
Fistula,  90 

branchial,  647 

recto-vaginal,  796 
vesico-vaginal,  796 

Fite,  on  cysts  of  pancreas,  ref.,  707;  on 

dilatation  of  color,  ref.,  671;  on  pan- 
creas, ref.,  706 

Fixateur,  179;  ref.,  184 
Fixation  of  immune,  substance,  173 

tissues,  1029 

rapid,  1028 
tumor  tissue,  362 

Fixative,  179 

Flagella  of  bacteria,  133 
Flechsig,  on  tables  dorsalis,  962 
Fleischer  and  Loeb,  on  experimental 

myocarditis,  ref.,  539 

Flemming's  osmic  acid  mixture,  1030 
Fletcher,  on  tuberculous  cavities  in 

liver,  ref.,  733 
Flexner,  on  abrin  and  ricin  intoxication, 

ref.,  203;  on  autolysis,  106;  on  bubonic 
plague,  ref.,  612:  on  connective  tissue 
in  cirrhosis,  ref.,  727;  on  dysentery, 
ref.,  678;  on  etiology  of  syphilis,  ref., 
276;  on  experimental  pancreatitis,  ref., 
705;  on  experimental  meningitis,  225; 
on  fatty  degeneration  of  heart,  ref., 
535;  on  focal  necroses  in  typhoid  fever, 
ref.,  241;  on  focal  necrosis  of  liver,  ref., 
715;  on  haemolysis,  174;  on  hyperplasia 
of  heart,  ref.,  541;  on  plague,  ref.,  288; 
on  poliomyelitis,  ref.,  299;  on  serum 
therapy  in  meningitis,  226;  on  syphilis 
of  stomach,  ref.,  659;  on  terminal 
infection,  ref.,  158;  on  thrombi,  ref., 
26;  on  toxalbumin  intoxication,  ref., 
153;  on  tuberculous  oesophagitis,  ref., 
653;  on  typhoid  bacilli  in  heart,  ref., 
244 

Flexner  and  Anderson,  on  B.  diphtheriae 
in  lungs,  ref.,  284 

Flexner  and  Jobling,  on  serum  therapy  in 

meningitis,  ref.,  226;  on  transplanta- 
tion of  tumors,  355 

Flexner  and  Lewis,  on  anterior  poliomye- 
litis, ref.,  299 

Flexner  and  NogtLchi,  on  snake  venom, 
ref.,  425 

Flexner  and  Pearce,  on  experimental  pan- 
creatitis, ref.,  705 

Flexner  and  Sweet,  on  experimental  colitis, 
ref.,  678 

Flies,  as  carriers  of  tuberculosis,  ref.,  151 
as  carriers  of  typhoid,  ref.,  151,  245 

Flockemann,  on  pulmonary  syphilis,  ref., 

634 
Flugge,  on  distribution  of  bacteria  in 

sneezing,  etc.,  265 
Focal  necroses,  203 

Flukes,  123 
Foetal  inclusions,  333 

infections,  157 
Foetus  acardiacus,  328 

malformations  of,  320 

size  of,  at  various  periods,  1023 
Ford,  on  bacteria  in  body,  ref.,  150;  on 

intestinal  bacteria,  ref.,  681 

Foreign-body  tubercles,  102 

P'oreign  bodies,  injuries  from,  11 
substances,  disposal  of,  in  body,  98 

disposal  of,  in  body,  experiment- 
al study  of,  1 10 

Formalin  as  tissue  fixative,  1029 

Formaldehyde  (see  Formalin),  1029 
Formative  stimuli,  79,  350 
Formol  (see  Formalin),  1029 

Forsyth,  on  HafTkine  method  in  plague, 

ref.,  289 
Foster,  on  changes  in  aorta,  ref.,  564 
Foulerton,  on  blastomycetes,  146 

Fox,  on  paratyphoid,  ref.,  247 

Fractures,  post-mortem,  990 
Framboesia  tropica,  293 
Frank,  on  chorionepithelioma,  ref.,  820, 

822;  on  secretions  of  corpus  luteum, 
ref.,  822;  on  thyroid  tissue  in  ovary, 
ref.,  836 

Freeborn,  on  picro-acid-fuchsin  stain, 
1036 

Freeman,  on  fatty  infiltration  of  liver  in 
children,  ref.,  720;  on  focal  necrosis  in 
measles,  310;  on  spread  of  typhoid, 

ref.,  245;  on  typhoid  and  oysters,  ref., 
245;  on  vaccination,  ref.,  307 

Frenkel  and  Bassal,  on  chordoma,  ref.,  385 



1066 INDEX 

Frieberger  and  Frohner  on  infectious  dis- 
eases of  animals,  319 

Friedlander  bacillus,  216 

Friedmanriy  on  tonsils  as  portals  of  entry 
for  tubercle  bacilli,  ref.,  650 

Friedrich's  ataxia,  963 
Friedrichy  on  ataxia,  ref.,  963 
Frog,  circulation  in,  study  of,  34 

circulation  of  blood  in,  83 

plates,  Thoma's,  111 
study  of  inflammation  in,  111 

Frosty  on  anterior  poliomyelitis,  ref.,  300 
Frothingham,  on  demonstration  of  Negri 

bodies,  297 
Frozen  section  of  tissues,  1028 
Fuerst,  on  giant  cells,  ref.,  103 
Fungus,  favus,  148 

fission,  133 

mould,  133,  147 

poisoning,  423 

ray,  231 
yeast,  133,  146 

Furuncle,  199 

Futterer,    on    squamous    epithelioma   of 
stomach,  ref.,  666 

Gallaver dirty  on  stricture  of  intestine,  ref., 
671 

Gall-bladder,  bacteria  in,  742 
calculi  of,  743 
dilatation  of,  743 

examination,  post-mortem  of,  1016 
infections  of,  742 
inflammation  of,  740 
lesions  of,  740 

perforation  of,  740 
tumors  of,  743 

Gall-ducts,  abscesses  of,  741 
bacteria  in,  741,  742 
calculi  of,  743 
constriction  of,  742 
dilatation  of,  743 

examination,  post-mortem,  of,  1016 
infection  of,  741 
inflammation  of,  740 
lesions  of,  740 

new-formed,  in  cirrhosis,  727 
occlusion  of,  740,  742 
tumors  of,  743 

Gall-stones,  743 
composition  of,  744 
in  pancreatic  duct,  707 

role  of  micro-organisms  in,  745 

Gamboge  poisoning,  422 
Ganglia,  basal,  blood  supply  of,  ref.,  425 
Ganglion  cells(see  Neurones), 944,  ref.,  948 

degeneration  of,  962,  965,  966 
Gangre;ie,  57 

diabetic,  434 

dry,  58 
emphysematous,  290 moist,  58 

of  appendix  vermiformis,  685 
lung,  599 

pancreas,  705 
vagina,  797 
vulva,  794 

senile,  ref.,  58 

Gappischy  on  actinoniyces-like  structures 
in  tonsillar  crypts,  ref.,  649 

Gas  bacillus,  34,  289 
in  blood,  34 

pleura,  637 
formation,  post-mortem,  987 

B.  aerogenes  in,  290,  987 

phlegmon,  290 Gastritis,  656 
acute  catarrhal,  656 
chronic,  656 

croupous,  658 
diphtheritic,  658 
exudative,  658 
membranous,  658 

phlegmonous,  658 
suppurative,  650 

syphilitic,  659 toxic,  659 

tuberculous,  659 

Gay,  on  complement  fixation,  ref.,  183 
Gay  and  Southardy  on  anaphylaxis,  ref., 190 

Gaylordy  on  origin  of  fibrin,  ref.,  637 
GeissleTy  on  tuberculosis  of  arteries,  ref., 

566 Gemmules,  944 

General  diseases,  429 

Geni  to- urinary      organs,      examination, 

post-mortem,  of,  female,  1019, 
1026 

male,  1018,  1026 
new-born,  1023 

Giraudely  on  changes  in  liver,  ref.,  743 
Germicides,  138 
Germs,  133 

GerulanoSj  on  dermoid  cysts  of  penis,  ref., 
855 
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Ghon  and  Sachs,  on  B.  aerogenes  capsu- 
latus,  ref.,  290 

GiannettasiOj  on  umbilical  tumors,  ref.,  667 
Giant  cells,  67,  102 

in  epithelioma,  410 
Giemsa  stain,  for  blood,  317 

for  blood  and  tissues,  1037 

Gigantism,  438 
Gigantoblasts,  459 

Gilbert  and  Lippmann,   on   gall-bladder 
infections,  ref.,  742 

Gilchrist,    on    blastomycotic    dermatitis, 
ref.,  146;    on  fibroma  molluscum,  363 

Glanders,  226 

diagnosi.s  of,  227 
Glands,  Nabothian,  ectasia  of,  805 
Glegg,  on  hay  fever,  ref.,  580 
Glioma,  387 

of  adrenals,  517 
brain,  976 

ependyma,  927 
Glio-sarcoma,  370,  388 
Glockner,  on  endothelioma,  ref.,  380;  on 

endothelioma  of  pleura,  ref.,  642 

Glomerulo-nephritia,  757 
Glomeruli,  lesions  of,  756 
Glossina  morsitans,  117 

palpalis,  118 
Glossitis,  646 
Glottis,  oedema  of,  582,  1011 

Gluge's  corpuscles,  941,  966 
Glycogen  infiltration,  44 

technique  of  staining,  44 

Glycogenic  degeneration,  (See  Degenera- 
tion, glycogenic),  144 

Glycosuria,  ref.,  435 
Goitre,  513 

exophthalmic,  432 
Goldberger,  on  mosquito  in  yellow  fever, 

ref.,  303 

"Golden"  coccus,  206 
Golgi,  neurone  conception  of,  943 
Gonococcus,  see  M.  gonorrhoeae,  221 

in  inflammation  of  rectum,  683 
peritonitis,  ref.,  694 
salpingitis,  ref.,  840 
vaginitis,  796 

Gonorrhoea,  221 

Goodale,  on  acute  tonsillitis,  ref.,  649 
Goodwin  and  v.  Shelly,  on  meningococcus, 

ref.,  225 

Gordinier  and  Lartigau,  on  B.  typhosus 
in  empyema,  ref.,  639 

Gottstein,  on  micro-organLsms  in  air,  ref., 150 

V.  Gourixntchy  on  cirrhosis,  ref.,  730 
Gout,  435 

joint  lesions  in,  905 
Gowers,  tract  of,  952 
Graafian  follicles,  hemorrhage  in,  827 

Graf,  on  periarteritis  nodosa,  ref.,  566 
Graham,  on  displacements  of  liver,  708 

Graham-Smith,  on  diphtheria  bacillus  in 
mouths  of  healthy  persons,   ref.,  285; 

on  precipitin  test  for  blood,  ref.,  182; 
on  xerosis  bacillus,  ref.,  285 

Gram's  stain  for  bacteria,  144 

Weigert's  modification,  144 
Granulation  tissue,  92 

in  wound  infection,  ref.,  152 
Granulations,  92 

exuberant,  95 

Granuloma,  infectious,  ref.,  251 
Grass  bacillus,  267 

Graves'  disease,  432 
Greenough,  on  cell  inclusions  in  cancer, 

ref.,  350 

Greenough  and  Hartwell,  on  cystic  hyper- 
plasia of  mamma,  ref.,  845 

Greff,  on  trachoma  bodies,  308 
Gregarinffi,  121 

Griffith,  on  aneurism  of  coronary  arteries, 
ref.,  570;  on  dilatation   of  colon,  ref., 
671 

Grippe,  233 
Groher,  on  infection  of  pleura,   ref.,  640; 

on  pleura  as  portal  of  entry  for  bac- 
teria, ref.,  614 

Ground  water,  141 

Group  agglutination,  180 
Guarnieri,  on  smallpox,  305 
Guinea  worm,  130 

Guiteras,   on  mosquito  in  yellow  fever, 
ref.,  303 

Gummata,  273 
of  bone,  881 

heart,  542 
kidney,  770 

pancreas,  706 
ovary,  829 

Gums,  tumors  of,  645 

Gurd,  on  gonorrhoeal  salpingitis,  ref.,  840 
Guthrie,   on    transplantation  of    organs, 

ref.,  78 

Guy  and  Ferrier,  on  forensic  medicine, 426 
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Guyoty  on  formation  of  lymph-vessels  in 
pleurisy,  ref.,  640 

Gxvyrij  on  typhoid  bacilli  in  urine,  ref., 
244 

Haasler,  on  regeneration  of  bone  marrow, 
ref.,  76 

Hemagglutinins,  injection  of,  into  ani- 
mals, 715 

Hemangioma,  393 
Hematemesis,  21,  655 
Hematocele,  857 

uterine,  803 

Hematogenesis,  defective,  457 
Hsematoidin,  53,  457 
Hematolysis,  456 
Hematoma,  21 

of  pia  mater  cerebralis,  919 

polypoid,  of  uterus,  803 
Hematometra,  800 
Hematomyelia,  939 
Hematomyelopore,  939 
Hematoxylin  as  staining  agent,  1035 
Hematozoon  of  Texas  fever,  122 
Hematuria,  21 
Hemochromatosis,  54 

Hemoglobin  index,  474 
Hemoglobinemia.  454,  456 
Hemoglobinuria,  456 

of  cattle,  122 

Hemolymph-nodes,  497,  ref.,  499 
compensatory  hypertrophy  of,  ref., 

73 
Hemolysins,  171 

auto-,  ref.,  176 
bacterial,  ref.,  206 

Hemolysis,  53,  54,  172 

by  Staphylococcus  pyogenes  aureus, 206 

Streptococcus  pyogenes,  209 
test«,  technique  of,  194 

Hemolytic  serum,  171 
Hemopericardium,  518 
Hemophagocytosis,  195 
Hemophilia,  22 

Hem-opsonins,  184 
Hemoptysis,  21 
Hemorrhage,  20 

by  diapedesis,  20 
rhexis,  20 

capillary,  935 
forms  of,  21 

in  new-born,  22 

Hemorrhage     in     organs     (see     various 
organs) 

intermeningeal,  913 

spontaneous,  in  spinal  cord,  938 
Hemorrhagic  diathesis,  22 

infarction,  21 

septicemia,  289 
Hemorrhoids,  684 

urethral,  792 
vesical,  783 

Hemosiderin,  53,  457 

Hemosporidia,  122 
of  malaria,  312 

Hemothorax,  637 
Hemotoxins,  171 

Haffkine,     preventive     inoculation      in 
cholera,  250 

in  plague,  289 
Hair  ball  in  stomach,  667 
HalbersUBdter  and  v.  Prowazeky  on 

trachoma,  ref.,  308 

Haldane  and  Smith,  on  determination  of 
amount  of  blood  in  body,  ref.,  455 

Hall,  on  lesions  of  bronchial  lymph- 
nodes,  ref.,  592 

Halliburton y  on  bacterial  products,  ref., 
152 

Hamburger,  on  lymph  formation,  ref.,  22 

Hamilton^  on  flies  as  carriers  of  tj'phoid, 
ref.,  151;  on  rupture  of  heart,  ref.,  527 

Hamilton  and  Horton,  on  pseudo-diph- 
theria bacilli,  ref.,  285 

Hammar,  on  accessory  lung,  ref.,  593 

Hand,  on  tuberculosis  of  lymph-nodes, 
ref.,  592 

Handmann,  on  weight  of  brain,  ref.,  993 

Hanging,  death  from,  443 
V.  Hansemanny  on  atypical  mitosis  in 

tumors,  350 

Haptines,  ref.,  168 
Haptophorous  group,  167 
HarhitZy  on  lesions  of  bronchial  lymph- 

nodes,  ref.,  592;  on  tuberculosis  of 

lymph-nodes,  ref.,  487;  on  tuberculosis 
of  lymph-nodes,  ref.,  265 

Hardening  of  tissues,  1029 
Hare,  on  medical  complications  of  typhoid 

fever,  ref.,  244;  on* tumors  of  medias- 
tinum, ref.,  636 

Harelip,  321 

H arris y  on  cysts  of  ureter,  ref.,  774 
Hasenfeld,  on  hypertrophy  of  heart,  ref., 

554 
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Hasslauer,  on  bacteria  of  nose,  ref.,  580 
on  meningococcus,  ref.,  225 

Mauser,  on  fibrin  formation,  ref.,  86 

Hay  bacillus,  267 
fever,  ref.,  580 

Hayem's  solution,  467 
Head,  examination,  post-mortem,  of,  991 
Healing  by  first  intention,  82 

second  intention,  94 
of  wounds,  91 

Heart,  522 

hypertrophy  of,  61 
abnormalities  of,  522,  525 
abscess  of,  539 
action,  irregular,  550 
aneurism  of,  529 

dissecting  of,  ref.,  570 
anomalies  of,  522 

aorta,  insuflSciency  and  stenosis  of, 
552 

atrophy  of,  528 
bacteria  in,  539 
beat,  cause  of,  549 
block,  549 
calcification  of,  535 
chordae  tendineae,  abnormal,  of,  525 
circulation,  interference  with,  550 
clots,  531,  1005 
degeneration  of,  533 
dilatation  of,  528,  550,  555 
displacements  of,  526 
embolism  of,  538 

endocardium,  degeneration  of,  535 

inflammation  of  (see  Endocar- 
ditis), 542 

examination,  post-mortem  of,  1004, 
1025 

His  bundle,  550 

hyperplasia,  fibrous,  of,  541 
replacement,  of,  540 

hypertrophy  of,  550,  554,  555 
hypoplasia  of,  439,  526 
infarction  of,  31 
infiltration,  fatty,  of,  535 
inflammation  of,  538 
insuflSciency  of,  553 
lesions  of,  in  typhoid  fever,  242 
malformations  of,  522 

malpositions  of,  525 
muscle,  fatty  degeneration  of,  534 

myocardium,  segmentation  and  frag- 
mentation of,  536 

parasites  in,  556 

Heart,   pericardial    lesions   (see   Pericar- 
dium) 

pigment  in,  529 

polypi,  531 position  of,  1004 
preservation  of,  1009 
relation  of,  to  circulation  of  blood,  15 

reptilian,  523 
ruptures  of,  526 
septa,  abnormal,  525 
size  of,  1004 
stenosis  of,  553 

Stokes-Adams'  disease,  549 
sudden  death  in  lesions  of,  ref.,  528 

syphilis  of,  542 
thrombosis  of,  531,  537 
tuberculosis  of,  542,  548 
tumors  of,  522,  556 

valves,  aneurism  of,  530 
aortic,  insufficiency  of,  552 

stenosis  of,  552 

changes  in,  15,  555 
insufficiency  of,  552 
lesions  of,  529,  552 

mitral,  insuflSciency  of,  553 
stenosis  of,  553 

pulmonary,  lesions  of,  553 
stenosis  of,  552 

tricuspid,  lesions  of,  553 
vegetations,  531 
ventricles,  hypertrophy  of,  552 

left,  hypertrophy  of,  554,  555 
right,  hypertrophy  of,  554,  555 

weight  of,  1008 
wounds  of,  526 

Heat,  damage  from,  9 
exhaustion,  436 

Hedrere,  on  mixed  tumors  of  kidney,  ref., 
776 

Heidenhain's  iron  luematoxylin,  1035 
Heinz,  on    inflammation,   ref.,    110;   on 

origin  of  fibrin,  ref.,  637;  on  phagocytic 
power  of  liver  endothelium,  ref.,  721; 

on   physiology  of    blood-vessels,    ref., 
564:  on  physiology  of  heart,  ref.,  550; 

on  physiology  of  lungs,  ref.,  603 
Hektoen,  on  aortic  aneurism,  ref.,  570;  on 

cardiac  anomalies,  ref.,  524;  on  changes 

in  myocardium,   ref.,  536;   on    endar- 
teritis in  tuberculosis,   ref.,    559;    on 

giant   cells,    ref,,    103;    on    infectious 
diseases  of  unknown  origin,  ref.,  319; 
on  inoculation  of  measles,  ref.,  310;  on 
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opsonins,   185;   on    phagocytosis    and 
opsonins,    ref.,    187;  on    phagocytosis 
of  anthrax  bacilli,  ref.,  230;  on  yeasts 
and  moulds  in  disease,  ref.,  149 

Hektoen  and  Harris,  on  secondary  sar- 
coma of  liver,  ref.,  737 

Hektoen  and  Ruediger,  on  opsonins,  184 
Helbing,  on  rhabdomyoma,  ref.,  390 

Held's  stain  for  nerve  tissue,  982 
Hellebore  poisoning,  422 

Heller,  on  pleural  lymph-nodes,  ref.,  603; 
on  removal  of  viscera,   post-mortem, 
ref.,  990 

Helly,  on  blood-forming  organs,  ref.,  471 
Hemicephalia,  324 
Hepatic  artery,  lesions  of,  711 

Hepatitis,  722 
acute  exudative,  722 

interstitial,  chronic  (see  Liver,  cir- 
rhosis of),  725 

peri-,  733 
purulent,  722 
syphilitic,  730 
tuberculous,  731 

Hepatization,  gray,  of  lung,  605 
red,  of  lung,  604 

Hepatolytic  serum,  174 
Heppner,  on  hermaphroditism,  ref.,  853 
Herdmann  and  Boyce,   on   typhoid  and 

oysters,  ref.,  245 
Heredity,  relationship  of,  to  disease,  13 

relation  of,  to  tumor  growth,  344 

Hermaphroditism,  853 

pseudo-,  853 
Hernia  cerebri,  930 

crural,  of  uterus,  802 

inguinal,  802 
ischiatic,  802 
of  brain,  928 

intestine,  670 

uterus,  802 

vagina,  795 
ventral,  of  uterus,  802 

vesico-vaginalis,  795 
Herpes  tonsurans,  148 

of  prepuce,  854 
Herrick,  on  portal  pressure  in  cirrhosis, 

ref.,  727 
Merrick  and  Janeway  on  trichina,  129 
H taring,   on   development   of  glomeruli, 

ref.,  756 
Herrmann,  on  adrenals,  ref.,  515 
Herter,  on  chemical  pathology,  ref.,  426 

Herter  and  Williams,  on  experimental 
cirrhosis,  ref.,  730 

HerxheimeTf  on  action  of  tubercle  bacillus, 

ref.,  253;  on  adeno-carcinoma  of  liver, 
ref.,  736;  on  dead  tubercle  bacilli,  ref., 

260;  on  fat  stain,  44;  on  primary  car- 
cinoma of  liver,  ref.,  736 

Herzog,  on  insects  as  plague  carriers,  ref., 
289 

Hess,  on  cysts,  ref.,  361 
Heterotopia,  346,  929 

false,  929 

Hewitt,  on  necrosis  of  renal  epithelium, 
ref.,  751 

Hill,  on  potassium  hydroxid  clearing 
method,  ref.,  1039 

Hintz  and  Luharsch,  on  eUmination  of 
bacteria,  ref.,  151 

Hirsch,  on  hypertrophy  of  heart,  ref.,  554; 
on  streptococcus  enteritis,  ref.,  681 

His,  bundle  of,  550 
Hiss,  on  cultivation  of  typhoid  bacilli, 

246;  on  leucocyte  extract,  188;  on 
staining  encapsulated  pneumococci, 
220;  on  staining  streptococcus  capsules, 

209;  on  typhoid  bacillus,  ref.,  235 
Hiss  and  Russell,  on  B.  dysenteriae,  ref., 

677;  on  B.  typhosus,  ref.,  246 
Hiss  and  Zinsser,  on  bacteriology,  133; 

on  immunitv,  196;  on  tuberculitj,  ref., 

262 
Hodenpyl,  on  etiology  of  appendicitis, 

ref.,  688;  on  faucial  ton.sils,  ref.,  649; 
on  actinomycosis  of  lung,  ref.,  230; 

on  frozen  sections.  1028;  on  lung  pig- 
ment, ref.,  616;  on  regression  of  tumors, 

356;  on  spleen,  499;  on  tuberculosis  of 

pleura,  641 
Hodgkin's  disease,  489 
Hoen,  on  uvula  in  abnormal  conditions, 

ref.,  648 
Hoffmann,  on  carbonic  oxide  poisoning, 

ref.,  425;  on  dusty  trades  and  con- 
sumption, ref.,  616;  on  hermaphrodi- 

tism, ref.,  853;  on  myeloma,  ref.,  902 
Hofmeier,  on  placenta,  ref.,  826 
Homin,  on  streptococcus  toxin,  ref.,  211 
Honl,  on  haemorrhagic  infections,  ref.,  439 
Honsell,  on  tumors  of  tonsil,  ref.,  651 
Hookworm,  128 

disease,  129 

Hopkins,  on  phagocytosis  of  red  blood 
cells,  ref.,  185 
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Hormones,  ref.,  435 
Horseshoe  kidney,  325,  746 
Hospital  fever,  300 

Hour-glass  uterus,  799 
Howard,  on  B.  mucosus  capsulatus,  ref., 

216;  on  cardiac  hypertrophy,  ref.,  555; 
on  economic  loss  by  insects,  ref.,  151; 

on  extra-intestinal   lesions  induced  by 

typhoid  bacillus,  ref.,  242;  on  hemor- 
rhagic septicaemia,  ref.,  291 

Howard  and  Hoover,  on  tropical  abscess 
of  liver,  ref.,  723 

Howard   and   Ingersoll,    on    bacteria    in 
nasal  inflammation,  ref.,  580 

Howell,  on  heart  beat,  ref.,  549 

Howland  and  Richards,  on  liver  in  chloro- 
form anaesthesia,  716 

Howship's  lacunae,  883 
Hoyer's  formula  for  thionin  stain,  1038 
Hueter,  on  congenital  tumors  of  intestine, 

ref.,  688 

Huguenin,  on  bacteria  in  smallpox,  ref., 
305 

Hunter,  on  insects  as  carriers  of  plague, 
ref.,  151 

Hurdon,  on  endothelioma  of  cervix  uteri, 
ref.,  813 

Hutchinson,  on  vulnerability  of  apex  of 
lung,  ref.,  631 

Hyaline  degeneration,  48 
substances,  47 

technique  of  staining,  48 

Hydatids,  125 
of  liver,  738 

Hydraemia,  454 
Hydrarthrosis,  23 
Hydrencephalocele,  928 
Hydrocele,  23,  856 
Hydrocephalus,  22,  924,  925 

acute,  918 
chronic,  925 

congenital,  925 
externus,  928 
intemus,  927 

method  of  removing  brain  in,  1024 
primary,  926 
secondary,  926 

Hydrochloric  acid,  418 
Hydrocyanic  acid  poisoning,  423 
Hydromeningocele,  928 
Hydrometra,  799 
Hydromyelia,  929 
Hydronephrosis,  772 

Hydropericardium,  22,  518 
Hydroperitoneum,  23 

Hydrophobia,  294 
animal  inoculations  in,  295 

diagnosis  of,  298 
excitants  of,  295 
immunization,  artificial,  in,  ref.,  304 

Negri  bodies  in,  295 
Pasteur  method  in,  297 

preventive  inoculation  in,  297 
virus  of,  295 

Hydropneumothrax,  637 
Hydropic  degeneration,  44 
Hydrops  cystidis  fellese,  743 
Hydrorrhachis,  929 
Hydrosalpinx,  838 
Hydrostatic  test,  1025 
Hydrothorax,  22,  636 
Hymen,  anomalies  of,  793 

Hyperaemia,  16 
active,  16 
of  bladder,  urinary,  783 

bone,  877 
brain,  934 
kidney,  748 
liver,  709 
lung,  593 
pia  mater  cerebralis,  913 

spleen,  502 
thyroid,  512 
uterus,  802 
vulva,  793 

passive,  16 
Hypernephroma,  777 

of  liver,  735 

Hyperostosis,  900 

Hyperplasia,  61 
cystic,  of  mamma,  845 
fibrous,  of  heart,  541 

glandular,  of  endometrium,  805 
nodular,  of  intestine,  ref.,  672,  679 
of  fibrous  tissue,  96 

liver,  734 

lymph-node^,  488 
neuroglia,  951 

spleen,  504,  508 
thyroid,  513 

replacement,  61,  96 
of  heart,  540 

mascle,  874 

Hypersusceptibility,  190 
Hypertrophy,  61 

compensatory,  61,  62 
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Hypertrophy,  compensatory,  of  heart,  555 
functional,  61 
numerical,  61 

of  brain,  931 
heart,  61,  550 
kidney,  62,  747 
liver,  62 
mamma,  847 
muscle,  62,  871 

pineal  gland,  980 
prostate,  863 
thymus,  511 
tongue,  646 
tonsil,  649 

pseudo-,  61 
simple,  61 

Hyph«,  147 
Hyphomycetes,  133,  147 
Hypoleucocytosis,  463,  464 
Hypophysis  cerebri,  517,  980 

in  acromegalia,  438 
tumors  of,  980 

Hypoplasia,  321 
Hypospadias,  324,  853 

Hypostasis,  post-mortem,  987 

Ice-cream  poisoning,  425 
Ichor»mia,  ref.,  204 
Ichthyosis,  644 
Icterus,  13,  54 

gravis,  716 
Ileo-cffical  tuberculosis,  hyperplastic,  682 
Immune  body,  172 

substance.  170,  172 
Immunity,  160 

acquired,  161,  162 
active,  162 

anti-bacterial,  162,  169 
anti-microbic,  162,  169 
anti-toxic,  162,  163 
artificial,  to  streptococcus,  211 

tumors,  355 
bactericidal,  162,  169 
bacteriolytic,   162,   169 
bibliography  of,  196 
definition  of,  160 

Ehrlich's  hypothesis  of,  165 
hereditary,  161 
natural,  161 
nature  and  forms  of,  160 

passive,  163 
Immunization,  artificial,  161,  162 

artificial,  specific  characters  of,  192 

Immunization,  natural,  161 
of  animals  to  alien  substances,  195 

processes  involved  in,  192 
Incubation  period  of  infection,  156 
Index,  hsemoglobin,  474 

opsonic,  187,  220 
India  ink  stain  for  Treponema  pallidum, 

278 

Infantile  paralysis,  299 
Infarction,  29 

hsemorrhagic,  21 
of  heart,  31 

intestine,  31,  671 

kidney,  31,  748 
liver,  30,  711,  712 

lung,  30,  596 
muscle,  873 

placenta,  823 
spleen,  31,  502 

Infarcts,  29 

absorption  of,  autolytic  processes  in, 
ref.,  30 

anemic,  30 

htemorrhagic,  29 
location  of,  30 
white,  30 

Infection  and  immunity,  156 
communicability  of,  158 
concurrent,  157 

condition  of  body  in,  155 

of  micro-organisms  in,  155 
congenital,  157 
definition  of,  156,  160 
foetal,  157 
forms  of,  157 

haemorrhagic,  ref.,  439 
incubation  period  in,  156 
latent,  ref.,  161 
mixed,  157 

predisposition  to,  155 

proofs  of,  154 
purulent,  ref.,  204 
spleen  in,  ref.,  152 
sub-,  ref.,  151 
terminal,  157 

theory  of,  ref.,  153 
through  granulation  tissue,  ref.,  152 
wound,     experimental    studies    on, 

ref.,  152 
Infectious  diseases,  156,  197 

bibliography  of,  319 
classification  of,  197 

communicability  of,  158 
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Infectious  diseases,  conditions  influencing 
occurrence  of,  155 

definition  of,  156,  159 
general  considerations,  197 
of  animals,  319 

unknown  origin,  318 

protozoa  in,  317 
Infectious  granuloma,  ref.,  251,  348 
Infectious  granulomata,  348,  361 
Infiltration,  calcareous,  50 

fatty,  40,  43 
of  adrenals,  515 

heart,  535 
muscle,  871 

pancreas,  703 

glycogen,  44 
hydropic,  of  muscle,  871 

purulent,  90 
serous,  45 

of  muscle,  872 
Inflammation,  81 

bacteria  in,  152 

cardinal  symptoms  of,  87 
catarrhal,  97 
characterization  of,  110 
degeneration  in,  97 
experimental  study  of,  110 
exudative,  87,  89 

practical  study  of,  111 
fibrinous,  97 

general  survey  of,  107 
haemorrhagic,  97 

in  non-vascular  tissue,  82 
in  organs  (see  various  organs), 
in  vascular  tissue,  83 
interstitial,  96,  98 

micro-organisms  in,  88 
muco-purulent,  97 
mucous,  97 
necrotic,  97 

parenchymatous,  98 
phlegmonous,  200 
practical  study  of.  111 
productive,  97 

pseudo-membranous,  97 
purulent,  97 
reparative,  97 
resolution  in,  90 

resorption  in,  experimental  study  of, 
110 

scrofulous,  487 

sero-purulent,  97 
serous,  97 
68 

Inflammation,  significance  of,  107 

special  phases  of,  97 
suppurative,  97,  198 
tuberculous,  251 

diffuse,  252,  255 
Influenza,  233 

bacillus,  233 
Infusoria,  115,  120 

Insects  as  carriers  of  disease,  151 

of  plague,  ref.,  151 
Insects,  method  of  study  of,  132 
Insolation,  436 
Intermediary  body,  177 
Internal  secretions,  427 
Interstitial  inflammation,  96 
Intestine,  667 

absorption  in,  ref.,  681 
actinomycosis  of,  691 
amoebee  in,  676 
anthrax  in,  691 
bacteria  in,  678,  81 1 
cloacae,  668 

concretions  in,  690 

cysts  of,  690 
degeneration  of,  671 
dilatation  of,  671 
diverticula  of,  667 

dysentery,  675 
embolism  of,  671 

examination,  post-mortem  of,  1002, 
1014,  1026 

hsemorrhage  in,  671 
hernia  of,  670 

hyperaemia  of,  671 
hyperplasia  of,  in  typhoid  fever,  235 

nodular,  672,  679 
incarceration  of,  668 
infarction  of,  31,  671 
inflammation   of   (see  Enteritis  and 

Colitis),  672,  675,  682,  683 
intussusception  of,  669 
invagination  of,  669 
lesions  of,  in  Asiatic  cholera,  248 

in  typhoid  fever,  235,  242 
malformations  of,  667 

malpositions  of,  667 

mycosis  of,  691 

parasites  in,  691 
permeability  of  wall  of,  for  bacteria, 

ref.,  681 

polyps  of,  688 
preservation  of,  1015 
ruptures  of,  671 
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Intestine,  strictures  of,  671 

syphilis  of,  674,  683  , 
transposition  of,  667 
tuberculosis  of,  673,  682 
tumors  of,  688 

ulcers  of,  674,  675,  681,  682 
volvulus  of,  668 
wounds  of,  671 

Intoxication,  auto-,  153 
septic,  153,  156 

Intussusception  of  intestine,  669 
Inversio  vesicae,  324 
Involution  forms  of  bacteria,  134 

lodin  test  for  amyloid,  1012 
Ipsen,    on    intestinal    tuberculosis,  ref., 

674 
Iron  hematoxylin  solution,  1035 

"masked,"  ref.,  53 
reactions  for,  ref.,  53 

Irons  and  Graham^  on  blastomycosis,  ref. 
146 

"Irritation  forms"  of  leucocytes,  462 
Ischsemia,  19 

Ischiopagus,  330 
Isolysins,  176 
Itch  insect,  132 

Jackson,  Porter  and  Quinby,  on  throm- 
bosis of  mesenteric  veins,  ref.,  671 

Jacob  J  on  carcinoma  of  stomach,  ref.,  666 
Jacobt,  on  cysts  of  omentum,  ref.,  699 
Jacobson,  on  hair  balls  in  stomach,  ref., 

666 

Jacobsthalf  on  infantile  scorbutus,  ref., 
438 

Jaeger,  on  cerebro-spinal  meningitis,  225 
Jail  fever,  300 
Jakowski,  on  formation  of  thrombi,  ref., 

25 

Jalap  poisoning,  422 
James,  on  lesions  of  stomach  as  portals 

of  entry  for  bacteria,  ref.,  659;  on 
pneumopericardium,  ref.,  518 

Jamin  and  Merkel,  in  coronary  arteries, 
ref.,  537 

Janeway,  T.  C,  on  hypertrophic  pul- 
monary arthropathy,  ref.,  438 

Janiceps,  330 
Janowski,  on  suppurative  inflammation, 

ref.,  202 
Janus,  330 
Jaundice  (see  Icterus),  13,  54 
Jaw,  malformations  of,  643 

Jaworski  and  Korolevncz,  on  occult  haem- 

orrhage in  gastro-intestinal  canal, 
ref.,  655 

Jelliffe,  on  death  from  electric  currents, 
ref.,  11 

JeUinek,  on  myeloma,  ref.,  902 
Jenner,  vaccination  in  smallpox,  304 

Jessup,  on  carcinoma  of  appendix  vermi- 
formis,  ref.,  690 

Jochmann,  on  bacterisemia  in  pulmonary 
tuberculosis,  ref.,  631 

Joints,  903 

cartilage,  loose,  in,  907 
degeneration  of,  903 
false,  878 

inflammation  of  (see  Arthritis),  903 
tuberculosis  of,  906 
tumors  of,  906 

Jopson  and  White,  on  sarcoma  of  large 
intestine,  ref.,  690 

Jordan,  on  acute  osteomyelitis,  ref.,  887 
Jordan,  Russell,  and  Zeit,  on  typhoid 

bacillus  in  water,  ref.,  245 

J  ores,  on  arterio-sclerosis,  ref.,  561 

Jorgenson,  on  micro-organisms  and  fer- 
mentation, ref.,  146 

Josserand  and  Bonnet,  on  myocarditis, 
ref.,  538 

Jiirgelunas,  on  granulation  tissue  in 
infection,  ref.,  152 

Jiirgens,  on  virulence  of  pneumococcus, 
ref.,  220 

V.  Kahlden,  on  cysts  of  ovary,  ref.,  836 
on  periarteritis  nodosa,  ref.,  566 

Kaiserling's  fluid  for  color  specimen,  1039 
Kala-azar,  119,  480 

Kappis,  on  urogenital  tuberculosis,  ref., 

770 
Karakascheff,  on  adrenals,  ref.,  516 
Karcher,  on  bacteria  in  bronchitis,  ref., 

588 
Karyokinesis,  65,  67 
Karyolysis,  57 
Karyomitosis,  67 
Karyorrhexis,  57 
Kataplasia,  63 

Kedrowsky,  on  emphysematous  cystitis, 
ref.,  786 

Keen,  on  surgical  complications  of  ty- 
phoid fever,  ref.,  244 

Keen  and  Funke,  on  carotid  tumors,  ref., 517  g 
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Keen^    P/ahleTj    and    ElliSf    on    hyper- 
nephroma, ref.,  777 

Keith  and  Flacky  on  His  bundle,  ref.,  550 

Kelly y   on  cirrhosis,  ref.,  730;  on  hyper- 
nephroma, ref.,  777;  on  leuksemia,  ref., 

475;  on  tumors  of  appendix  vermifop- 
mis,  ref.,  690 

Kelly  and  Hurdon  on  vermiform  appen- 
dix, ref.,  688 

Kelynacky    ob    pathology    of   vermiform 
appendix,     ref.,     688;     on    renal 
growths,  ref.,  777 

KerTj  on  statistics  of  lobar  pneumonia, 
ref.,  606 

Keyes,  on  snake  poisons,  ref.,  425 
Kidney,  746 

abscess  of,  754 
absence  of,  746 
albuminuria,  749 
an£Bmia  of,  748 

arterio-sclerosis,  relation  of,  769 
atrophied,  766 
bacteria  in,  755,  761 
calcification  of,  750,  753 
calculi  of,  774 
casts  in,  749 
congestion  of,  748 

cysts  of,  772 
degeneration  of,  751 
dilatation  of,  772 
embolism  of,  748 

examination,  post-mortem  of,  1011, 
1026 

excretion  of  bacteria  by,  755 

pigment  by,  755 
glomeruli,  alterations  in,  756 
granular,  766 
horseshoe,  325,  746 
hyaline  casts  in,  749 
hydronephrosis,  772 

hypenemia  of,  748 
hypertrophy  of,  62   747 
infarction  of,  31,  748 
infection,  ascending,  of,  755 

embolic,  of,   754 

of,  after  injury,  ref.,  152 
inflammation  of  (see  Nephritis),  753 
lesions  of,  in  malaria,  311 

sublimate  poisoning,  51,  750, 
753 

typhoid  fever,  243 
lobulation,  foetal,  of,  747 
lobulated,  326 

Kidney,  malarial  parasites  in,  761 
malformations  of,  746 

malpositions  of,  747 
movable,  747 

necrosis  of,  750 

parasites  in,  781 
pelvis,  lesions  of,  771 
perinephritic  suppuration,  772 
preservation  of,  1013 
red,  large,  761 
regeneration  of,  72,  ref.,  748 
surgical,  755 
regeneration  of,  72 

syphilis  of,  770 
thrombosis  of,  748 
tuberculosis  of,  769 

tubules,  lesions  of,  757 
tumors  of,  776 
wandering,  747 

weight  of,  1012,  1026 
white,  large,  765 

Kinnicutt,  on  orchitis  in  typhoid  fever, 
ref.,    243;   on   phlegmonous   gastritis, 
ref.,  659 

Kirchheim,  on  hypertrophy  of  breast,  ref., 
847 

Kisskalty  on  cooling  of  body  and  pneu- 
monia, ref.,  614;  on  natural  immunity, 

ref.,  161 

Kilt,  on  comparative  pathology,  319;  on, 
haemorrhagic  infection,  ref.,  289 

Klebs,   on   malformations  of  generative 

organs,  ref.,  853 
V.  Kleckiy  on  elimination  of  bacteria  by 

kidney,  ref.,  761 

Kleine  and  Mollers,  on  inherited  immun- 
ity, ref.,  161 

Klimenko,  on  permeability  of  intestinal 
wall  for  bacteria,  ref.,  681 

Klipstein,  on  bacteria  in  lung,  ref.,  614 

Klotz,  on  arterio-sclerosis,  ref.,  565;   on 
calcareous   degeneration,    ref.,   52;  on 
formation  of  fat  in  cells,  ref.,  40 

KnoXy    on   epicardial    nodules,    521;    on 

lipomyoma  of  uterus,  ref.,  813 
Knox  and  Schorer,  on  rhabdomyoma  of 

heart,  ref.,  556 

Kober,  on  tuberculosis  in  cattle,  ref.,  266 
Kobert,  on  poisons,  426 
Koch,  on  B.  tuberculosis,  268 
Koch- Weeks  bacillus,  234 

Kolisko,  on  blood  supply  of  basal  gan- 

glia, ref.,  425 
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KoUe,  on  cholera  spirillum,  ref.,  249;  on 
specificity  of  infectious  agents,  ref., 
165 

KoUe  and  Hetsch,  on  animal  inoculations 

in  hydrophobia,  ref.,  295;  on  experi- 
mental bacteriology,  196;  on  tubercu- 

losis, 268 
Kolle  and  Wassermannj  on  immunity,  196 
Kossel,  on  Texas  fever,  122 
KoUar,  on  cardiac  Mirombi,  ref.,  532 

Koplik  and  Van  Aradale,  on  acute  osteo- 
myelitis in  childhood,  ref.,  887 

Kratts,  on  regeneration  of  fat  tissue,  ref., 
77 

Kraus  and  Levadttiy  on  immunity,  ref., 
165 

Krehl,  on  fever,  ref.,  439,  on  heart  lesions, 
ref.,  553 

Krompecher,  on  basal-celled  carcinoma, 

ref.,  410;  on  epithelium  and  endothe- 
lium, ref.,  396 

Kruse  and  Pasquale,  on  abscess  of  liver, 
ref.,  724;  on  necrotic  colitis,  ref.,  681 

KuhnaUy  on  bacteriology  of  blood,  ref., 
470 

Kiilble,  on  bacteria  in  lymph-nodes,  ref., 
481 

Labia,  lesions  of,  793,  794 

Lachner-Sandoval,  on  ray  fungi,  ref.,  232 
La  grippe,  233 
Lambert,  on  sunstroke,  ref.,  437 
Lamy  and  Mayer,  on  renal   secretions, 

ref.,  748 

Lando,   on   pancreas   lesions   in   hepatic 
cirrhosis,  ref.,  728 

Landsteiner,    on    sweat-gland    adenoma, 
ref.,  399 

Landsteiner   and   Stoerk,    on    cystitis  en 

plaque,  ref.,  785 

Landry's  paralysis,  969 
Lang  and  VUmann,  on  syphilis,  ref.,  274 

Lang's  solution,  formula  for,  1030 
Langerhans,  islands  of,  degeneration  of, 

703 
development  of,  ref.,  704 

hypertrophy  of,  ref.,  704 

Langhans'  cells,  820 
Langmann,   on    hsemosporidia,    122;    on 

snake  poisons,  ref.,  424 
Lam  and  Taiel,  on  appendicitis,  ref.,  688 
Lardaceous  degeneration,  48 
Larkhi,  on  multiple  neuroma,  ref.,  393 

Lartigau,  on  atypical  typhoid,  ref.,  243; 
on  B.   coli,   214;    on    B.   pyocyaneus, 
215;  on  bacteriology   of   angina,  ref., 

649;  on  concurrent  infection  in  tuber- 
culosis of  lungs,  ref.,  631;  on   gonor- 

rheal endocarditis,  ref.,   545;  on  ileo- 
caecal    tuberculosis,    ref.,    683;    on   M. 

tetragenus,  216;  on  pulmonary  com- 
plications in  typhoid  fever,  ref.,  243; 

on  tuberculosis,  268;         • 
Lartigau  and  Nicoll,   on   adenoids,   ref., 

581;  on  tuberculosis  of  tonsil,  ref.,  650 

Laryngitis,  acut«  catarrhal,  582 
chronic  catarrhal,  583 

croupous,  583 

phlegmonous,  584 
pseudo-membranous,  583 

syphilitic,  584 
tuberculous,  584 

Larynx,  581 
amyloid  masses  in,  586 

cysts  of,  585 
examination,  post-mortem,  of,  1010, 

1025 
foreign  bodies  in,  442 
haemorrhage  from,  582 

inflammation  of    (see    Larv-ngitis), 
582 

malformations  of,  581 
oedema  of,  582 

preservation  of,  1011 

syphilis  of,  584 
tuberculosis  of,  584 
tumors  of,  585 

Lasio,  on  regeneration  of  mucous  mem- 
brane of  bladder,  ref.,  785;   on  repair 

of  bladder  mucosa,  ref.,  71 

Lavenson,  on  pernicious  ansemia,  ref.»  475 
Ldwen,  on  sarcoma  of  uterus,  ref.,  813 
Lead  poisoning,  421 
Le  Count,  on  lymphoma,  ref.,  497 
Leers,  on  precipitin  test,  ref.,  182,  194 

Legry,  on  lung  stones,  ref.,  639 
Lehndorff,  on  chloroma,  ref.,  376,  479 
Leiomyoma,  388 

of  oesophagus,  653 
ovary,  829 
veins,  575 

Leishman,  on  opsonins,  183 
Leishman-Donovan  bodies,  119 
Leishmania  donovani,  480 

infantum,  480 

Leith,  on  phlegmonous  gastritis,  ref.,  659 
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Lentz,  on  dysentery,  ref.,  678 
Leo7ihardt,  on  myxoma  of  heart,  ref.,  556 
Leopold  and  Levi,  on  moulds,  ref.,  147 

Lepra,  269 
ansesthetica,  976 
bacilli,  269 

Leprosy,  269 
of  nervous  system,  976 
orchitis  in,  860 

Leptomeningitis,  914 
Leptothrix,  136,  232 

in  vagina,  797 
Lesser,  on  action  of  poisons,  426 
Leucocyte  extract,  188 
Leucocvtes,  459 

abnormal,  461 
amitosis  in,  68 

as  phagocytes,    100,    104,    108,    161, 
178,  463 

as  pus  cells,  201 
basophile,  461 
classification  of,  459 
degenerative  changes  in,  464 
development  of,  77 
emigration  of,  83 
eosinophile,  461 
ferments  of,  87,  475 
formation  of,  77 
in  abscess,  89 

cytolysis,  178 
exudates,  108 
inflammation,  108 
leukaemia,  475 
malaria,  310 

pus,  201 
suppuration,  198 

irritation  forms,  462 

lymphocytes,  459 
large,  462 

method  of  securing,  195 
mononuclear,  large,  459 
myeloblasts,  462 
myelocytes,  461 
normal,  459 

plasma  cells,  462 
polynuclear  neutrophile,  461 
proportions  of,  in  normal  blood,  461 
regeneration  of,  77 
transitional,  459 

Leucocythffimia,  475 
Leucocytolysis,  465 
Leucocytosis,  462 

cachetic,  464 

Leucocytosis,  hypo-,  463,  464 
in  acute  lobar  pneumonia,  220 
in  infection,  463 
mixed,  462 

polynuclear  eosinophile,  464 

pathological,  463 

physiological,  463 
Leucolysis,  179 
Leucolytic  serum,  174 
Leucomains,  ref.,  139 

Leucoplakia  buccalis,  644 
Leuco-protease,  105 
Leukaemia,  475 

bone  marrow  in,  897 
liver  lesions  in,  734 

lymph-node  lesions  in,  475 
lymphatic,  acute,  475 

chronic,  475 

myelogenous,  acute,  476 
chronic,  477 

pseudo-,  489 
spleen  in,  509 

Levaditi  and  Manouelian,  on  silver  im- 
pregnation method,  ref.,  277 

Levaditi  and  Roche,  on  syphilis,  ref.,  276 
Levene,  on  autolysis,  ref.,  107 
Lewin,  on  toxicology,  426 

Lewis,    on    acromegalia,    ref.,    438;    on 

anaphylaxis,  ref.,  191;  on  types  of  B. 
tuberculosis,  ref.,  266 

Lewis  and  Rosenow,  on  portal  thrombosis, 
ref.,  712 

Lexokowicz,    on    bacteria    in    mouths    of 
nurslings,  ref.,  647 

Lexer,  Kidiga,  and  Turk,  on  blood  supply 
and  tuberculous  lesions  in  bone,  ref.,  888 

Libman,  on  bacteria  in  blood,  ref.,  547;  on 

paratyphoid,  ref.,  247;  on   sarcoma  of 
small  intestine,  ref.,  690 

Lice  as  agents  of  infection  in  Mexican 

typhus,  301 Liefmann,  on  hay  fever,  ref.,  580 
Life,  chemistry  of,  3 

Lightning,  death  from,  10 
Linck,  on  chordoma,  ref.,  385 
V.  Lingelsheim,  on  dysentery,   ref.,  678; 

on  streptococci,  ref.,  211;  on  tetanus, 
ref.,  287 

Lip,  hare,  321,  643 
Lipaemia,  469 
Lipoma,  382 

angio-,  382 
arborescens,  907 
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Lipoma,  molle,  382 
of  appendix  vermiformis,  690 

bone,  901 
brain,  976 
bronchi,  587 
dura  mater  cerebralis,  911 

spinalis,  922 
ependyma,  927 
Fallopian  tubes,  841 
heart,  556 
intestine,  688 

joints,  907 
kidney,  776 

larynx,  585 
liver,  735 
mamma,  848 
mouth,  645 
muscle,  875 

oesophagus,  653 

penis,  855 
pericardium,  522 
peritoneum,  696 
pia  mater  cerebralLs,  920 
scrotum,  855 
stomach,  662 
testicle,  860 

tongue,  646 
uterus,  813 
vulva,  795 

Lipomatosis,  43 
Liposis,  43 
Lipo-sarcoma,  376 
Lissauer,  zone  of,  degeneration  of,  958 
Lithopedion,  842 

LUile,  on  B.  a^rogenes  capsulatus  in  puer- 
peral infections,  ref.,  290 

Liver,  708 
abscess  of,  722 

amoebic,  723 
bacteria  in,  723 
metastatic,  724 

multiple,  724 
tropical,  722 

absence  of,  708 
accessory,  708 
adrenal  tissue  in,  515,  736 
agglutinative  thrombi  in,  715 
anemia  of,  709 

atrophy  of,  714 
acute  yellow,  716 

experimental,  718 

biliary  passagevS,  lesions  of  (see  Gall- 
ducts),  740 

Liver,  bronze,  722 
calcification  of,  722 

capsule,  inflammation  of,  734 
chloroform,  effect  of,  on,  716 
cirrhosis  of,  725 

anthracotic,  730 
ascites  in,  728 
associated  lesions  in,  727 

atrophic,  726 
biliary,  729 

congenital,  729 
experimental,  730 

hypertrophic,  728 
nature  of,  730 

portal  circulation  in,  727 
congestion  of,  710,  748 

cysts  of,  737 
cytolysis  in,  715 
degeneration  of,  716 
displacements  of,  708 

examination,  post-mortem,  of,  1002, 
1016,  1026 

fluke,  575 

foamy,  738 
focal  necrosis  of,  241,  714 

gall-duct«,     lesions    of     (see     Gall- 
bladder and  -ducts),  740 

gall-ducts,  new-formed,  in  cirrhosis, 
727 

gas  in,  738 
gumma  in,  731 
hsemorrhage 'in,  709 
hobnail,  725 

hydatids  of,  738 

hyperemia  of,  709 
hyperplasia  of  lymphatic  tissue  in, 

734 

hypertrophy  of,  62 
infarction  of,  30,  711,  712 
infiltration,  fatty,  of,  719 

inflammation  of  (see  Hepatitis),  722 

jaundice  with  necrosis  of,  715 
lesions  of,  in  eclampsia,  716,  718 

in  malaria,  311,  721 

lesions  of,  in  typhoid  fever,  241 

in  yellow  fever,  302 
malformations  of,  708 

malpositions  of,  708 
metabolism,  disturbances  of,  718 
movable,  708 
necrosis  of,  714 
nutmeg,  710 

parasites  of,  738 
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perihepatitis,  733,  734 
pigmentation  of,  714,  721,  730 
preservation  of,  1017 
regeneration  of,  72,  ref.,  717 
reversion  of  cells,  in  cirrhosis,  727 

rupture  of,  709 
size  of,  1016 

changes  in,  708,  1016,  1026 

syphilis  of,  730 
thrombosis  of,  711,  714,  715 
tubercles,  solitary,  of,  733 
tuberculosis  of,  731 
tumors  of,  734 
vessels,  lesions  of,  711 
weight  of,  1016,  1026 
wounds  of,  708 

Lividity,  cadaveric,  986 
Livingood,  on  sarcoma  of  oesophagus,  ref. , 

653 

Lobelia  poisoning,  425 
Lochte,  on  hyperplasia  of  spleen,  ref.,  511 
Locke,    on    visceral    changes    following 

burns,  ref.,  10 
Lockjaw  (see  Tetanus),  286 
Locomotor  ataxia,  957 

Loe6,  on  artificial  parthenogenesis,  ref., 
79 

Loebj  Leo,  on  corpus  luteum  secretion, 
ref.,  822;  on  mixed  tumors  of  thyroid, 
ref.,  514 

LoflSer,  diphtheria  bacillus  of,  283 

LoflSer's  stain  for  bacteria,  145 
Lohleiny  on  opsonins,  ref.,  184 
Lohrischy  on  mediastinum,  ref.,  636 

Lommely   on  ciliated  epithelium  of  res- 
piratory organs,  ref.,  587 

Longcope,  on  bone-marrow  in  infections, 

ref.,    243;    on   Hodgkin's  disease,  ref., 
495;  on  reduction  of  complement,  192 

Longcope  and  Donhauser,  on  lymphatic 
leukemia,  462 

Lonicer,  on  congenital  syphilis,  ref.,  731 
Loomis,  on  gumma  of  heart,  ref.,  542 
Lord,  on  B.  influenz£e,  ref.,  234;   on   flies 

and  tuberculosis,  ref.,  151 

Lossen,  on  exudative  peritonitis,  ref.,  693; 
on  splenic  ansemia,  ref.,  479 

Lothrop  and  Pratt,  on  filaria,  ref.,  131 
Louse,  132 

Low,  on  appendicitis,  ref.,  688 
Lowit,  on  hypoleucocytosis,  ref.,  464 
Lubarsch  on  B.  tuberculosis,  ref.,  257;  on 

bone  in  tonsils,   ref.,  649;  on  emboli, 

29;  on  endothelioma,  ref.,  380;  on  foetal 
infection,  ref.,  158;  on  portal  of  entry 
of  B.  tuberculosis,  ref.,  264;  on  tumors, 
416 

Lubarsch 's  grouping  of  tumors,  359 
Liidke,  on  tubercle  bacilU  in  blood,  ref., 

618 
Lithe,  on  malaria,  ref.,  316 

Lungs,  593 
abscess  of,  611 
absence  of,  593 
accessory,  593 

actinomyces  in,  612 
anffimia  of,  593 
anthracosis  of,  601,  616 

apical  vulnerability  of,  ref.,  631 
atelectasis  of,  596 

autolysis  in  exudates,  606 
B.  diphtherisB  in,  284 
bacteria  in,  601,  614 

broncho-pneumonia,  608 
brown  induration  of,  594 
calcification  in,  639 
"carnified,"  597 

cavity  formation  in,  628 
chalicosis  of,  616 

circulation  in,  study  of,  113 

circulatory  changes  in,  593,  595 
congestion  of,  593,  594 

cysts  of,  635 
dust  particles  in,  600 
embolism  of,  34,  595,  596 

emphysema  of,  597 
epithelium,    inflammation    of,    601, 

615 
examination,  post-mortem,  of,  1009, 

1025 

exudation  in  ,601,  605 

gangrene  of,  599 
haemorrhage  of,  595 

hepatization  of,  604,  605 

hypersemia  of,  593 
hypostatic  congestion  of,  612 
infarction  of,  30,  596 

inflammation   of   (see   Pneumonia) 

600 
injuries  of,  593 
lesions  of,  in  asphyxia,  442 

in  typhoid  fever,  243 
lobule,  ref.,  602 

lymph-vessels  of,  601 
malformations  of,  593 
oedema  of,  595 
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Lungs,  perforation  of,  593 
phthisis,  627 
pigmentation  of,  601,  616 
pneumokoniosis,  616 
portal   of   entry  for   bacteria,   600; 

ref.,  614 
tubercle  bacilli,  618 

preservation  of,  1010 
reaction  of  tissue  in,  618 
resolution,  commencing,  in,  605 
siderosis  of,  616 
stones,  592;  ref.,  639 

streptothrix  in,  612 
structure  of,  600 

syphilis  of,  633 
thrombosis  of,  596 

transposition  of,  544 
tuberculosis    of    (see    Tuberculosis, 

pulmonary),  618 
tumors  of,  634 

Lupus,  267 
LiLsk,  on  metabolism  in  diabetes,  ref.,  434; 

on  nutrition,  ref.,  9 

Lymph,  transudation  of,  22 

Lymph-follicles,  481 
Lymph  formation,  ref.,  22 

Lymph-nodes,  481 
atrophy  of,  481 
bacteria  in,  fef.,  481 
bone  in,  487 

bronchial,   as   portals   of  entry   for 
bacteria,  592 

lesions  of,  592 

pigmentation  of,  592 
tubercle  bacilli  in,  592 

degeneration  of,  482 
general  characters  of,  481 
germicidal  action  of,  ref.,  151 
haemo-,  497,  ref.,  499 

Hodgkin's  disease,  489 
hyperplasia  of,  488 
in  leukaemia,  475 

scrofula,  487 

status  lymphaticus,  440 

typhoid  fever,  240 
inflammation  of,  483 
mesenteric,   lesions    of,   in    typhoid 

fever,  240 
oedema  of,  482 

parasites  in,  497 
pigmentation  of,  483 
pseudo-leukaemia,  489 
regeneration  of,  76,  ref.,  486 

Lymph-nodes,  scrofula  of,  487 
suppuration  of,  485 

syphilis  of,  488 
tracheal,  lesions  of,  592 
tuberculosis  of,  265,  486 
tumors  of,  497 

Lymph-nodules,  481 
lesions  of,  in  typhoid  fever,  235 

Lymph-vessels,  576 
dilatation  of,  576 
formation  of,  76 
inflammation  of,  577 
of  nose,  ref.,  580 

syphilis  of,  577 
thrombosis  of,  28,  576 
tuberculosis  of,  577 
tumors  of,  577 

Lymphadenitis,  483 
tuberculous,  generalized,  488 

Lymphangiectasis,  576 
Lymphangioma,  395,  576 

of  liver,  737 

Lymphangitis,  577 
Lymphatic  constitution,  439 

tissue  in  liver,  hyperplasia  of,  734 

Lympho-adenoma  of  mediastinum,  636 

Lympho-protease,  105 
Lympho-sarcoma   of   mediastinum,    636 

Lymphocytes,  459 
large,  462 

Lymphocytoma,  370 
Lymphocytosis,  464 
Lymphoma,  361,  488,  495 

of  intestine,  688 

lung,  634 
mediastinum,  636 

Lymphorrhagia,  576 
Lymphosarcoma,  370 
Lynch,  on  congenital  infection,  ref.,  151 
Lyoiiy  on  lipomatosis,  ref.,  43 
Lytic  substances,  171,  174,  176 

MacCallum,  on  angioma  of  intestine,  ref., 
688;  on  changes  in  myocardium,  ref., 
536;  on  hsematozoan  infection  of  birds, 

315;  on  hypertrophy  of  islands  of  Lan- 
gerhans,  ref.,  704;  on  lesions  of  goitre, 
432;  on  metabolism  in  fever,  ref.,  441; 

on  phlegmonous  enteritis,  ref.,  673;  on 
regenerative  changes  in  liver,  ref.,  717; 
on  reparative  phases  of  cirrhosis,  ref., 
730;  on  tumors  of  parathyroids,  ref., 
515 
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MacCdUum  and  Voegtliny  on  parathyroids 
514 

Mace  J  on   bacteria    in    body,  ref.,   647; 
on  typhoid  bacilli,  ref.,  244 

Macjadyen,  on  toxic  products  of  pneu- 
mococcus,  ref.,  219 

Macfadyen  and  MacConkey,  on  tubercle 

bacilli  in  mesenteric  lymph-node,  ref., 
674 

Machard,  on  perforation  of  gall-bladder, 
ref.,  740 

Macrocytase,  179 
Macrogametes,  314 
Macroglossia,  646 
Macrophages,  93,  104 
Maculae  tendinae,  520 

MacWiUiamSy  on  carcinoma  of  appendix 
vermiformis,  ref.,  690 

Madura  foot,  232 
Madzar,  on  bacteria  in  mouth,  ref.,  647 
MaLadie  pyocyafiiq^ie,  215 
Malakoplakie,  785 
Malaria,  310 

Malaria,  aestivo-autumnal  type,  313 
avian,  315 

bibliography  of,  ref.,  316 
blood,  lesions  of,  in,  310,  312 

methods  of  examination  of,  316 
chronic,  311 

excitant  of,  312 

mosquitoes    as    intermediary    host, 
in,  314 

parasite  of,  312 
crescent  bodies  of,  313 

flagellate  bodies  of,  313 
pigmentation  of  liver  in,  721 
quartan  type,  312 
tertian  type,  312 
visceral  lesions  of,  310 

Malformations,  320 
involving  single  individuals,  321 
involving  two  individuals,  327 

Malignant  pustule,  228 
Mallein,  227 

Malloryy  on  excitant  of  scarlet  fever,  307; 
on  lesions  of  typhoid  fever,  239;  on 
myoglia  fibrils,  ref.,  389;  on  necrosis  of 
liver,  ref.,  715;  on  neuroglia  fibrils,  388; 
on  staining  amoebae,  ref.,  116 

Mallory  and  Wright^  on  staining  fat-acid, 
ref.,  44 

Mallory   and   Wright  anilin  blue  stain, 
1036 

Mallory's  aniiin-blue  stain,  1036 
Malta  fever,  287 
Mamma,  842 

abscess  of,  844 
absence  of,  842 
accessory,  842 

cysts  of,  852 
hsBmorrhage  in,  842 

hyperplasia,  cystic,  of,  845 

hypertrophy  of,  847 
inflammation  of  (see  Mastitis),  843 
male,  lesions  of,  867 
malformations  of,  842 

nipple,  inflammation  of,  843 
regeneration  of,  72 

syphilis  of,  846 
tuberculosis  of,  845 
tumors  of,  847 
ulcers  of,  846 

ManassCf  on   amyloid  masses  in  larynx, 
ref.,  586 

Mandlebauniy  on  teratoma  of  mediasti- 
num, ref.,  636 

Man/redi,  on  germicidal  action  of  lymph- 
nodes,  ref.,  151 

Mankowsky,    on    preparation    of     brain 
sections,  ref.,  1038 

Manriy  on   melanin,   ref.,  55;  on  micro- 
chemical  reactions  for  iron,  ref.,  53 

Marchand,   on   classification   of  tumors, 
ref.,  357;  on  endothelioma,   ref.,  380; 
on  malformations,  ref.,  320;  on  tissue 

regeneration,  ref.,  77 
Marchi,  on  degeneration  of  nerve  fibres, 

ref.,  954 

Marchi 's  method  of  staining  nerve  fibres, 
981,  999 

Marchiafava  and  Bignami,  on   malaria, 
314,  ref.,  316 

MarcuSj  on  entrance  of  bacteria  through 
intestine,  ref.,  694 

Marfan  J  on  concurrent  infection  in  pul- 
monary  tuberculosis,     ref.,     631;      on 

bronchial  lymph-nodes,  ref.,  592 
Marie,  on  spastic  paraplegia,  956 
MarinescOj  on  chromatolysis,  950 
Marrow,  bone,  in  anaemia,  897 

leukaemia,  897 
malaria,  311 

pigmentation  of,  877 
Martins,  on  auto-intoxication,  ref.,  417 
Martin,  on  flies  as  carriers  of  typhoid, 

ref.,  151 
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Martin  and  Rennie^  on  cardiac  throm- 
bosis, ref.,  532 

Marx,  on  primary  sarcoma  of  liver,  ref., 
737 

Maschka,  on  poisons,  426 
Mastigophora,  115,  117 
Mastitis,  843 

acute  exudative,  843 
chronic,  845 

suppurative,  844 
tuberculous,  845 

Maximow,  on  amyloid  degeneration,  ref.,  ' 50 

McCampbeU,  on  Mexican  typhus,  301 
McCrae,  on  collodium  sacs,  ref.,  319; 

on  mycotic  aneurisms,  ref.,  567;  on 
visceral  charges  following  burns,  ref., 
10 

McCrae,  Fyshe  and  Ainley,  on  acute  lobar 
pneumonia,  ref.,  606 

McCrae  and  Klotz,  on  fat  in  liver,  ref.,  720 
McFarlandf  on  vaginitis,  796 
McNeal  and  Novy,  on  cultivation  of 

trypanosomes,  122 
McWeeny,  on  rupture  of  oesophagus,  ref., 

651 

"Measle/'  124 
Measles,  309 

inoculation  of,  310 

Meat  poisoning,  291 

Meckel's  diverticulum,  323,  667 
Mediastinitis,  636 
Mediastinum,  inflammation  of,  636 

tumors  of,  636 

Medico-legal  autopsies,  1022 
Megaloblasts,  459 
Megalocytes,  458 
Melanffimia,  470 
Melanins,  55 

Melano-carcinoma,  415 
Melano-sarcoma,  370 
Melanuria,  55 

in  melano-sarcoma,  ref.,  372 
MellzcTy  on  cardiac  arrhythmia,  ref.,  550; 

on  functional  provision,  ref.,  69;  on 
oedema,  ref.,  22;  on  protection  of  body 

against  bacteria,  ref.,  151;  on  pul- 
monary oedema,  ref.,  595;  on  pyloric 

stenosis,  ref.,  655 
Membranes  and  ventricles  of  brain,  908 
Membranous  dysmenorrhoea,  804 
Mendelsouy  on  apoplexy  of  thymus,  ref., 

511 

Menetrier,  on  epithelial  metaplasia,  ref., 63 

Meningitis,  914 
acute,  914 
basilar,  917 
cellular,  acute,  914 

cerebro-spinal,  acute,  223 

epidemic,  223 
serum  therapy  in,  226 

chronic,  917 
exudative,  acute,  914 
relation  of  middle  ear  to,  ref.,  917 

spinal,  923 
syphilitic,  919 
tuberculous,  918,  923 

typhoid,  ref.,  243 
Meningocele,  324 

Meningococcus    (see   Diplococcus  intra- 
cellularis  meningitidis),  223,  225 

Merismopedia,  135 
Merkelj  on  angioma  of  liver,  ref.,  735 

Merkel,    on    bone  in  lymph-nodes,  ref., 
487 

Merozoites  in  malaria,  312 

Mesentery,  circulation  in,  study  of.  111 

cysts  of,  699 
study  of  inflammation  in,  83 

Meslay  and  Parent,  on  tuberculosis  of  par- 
otid, ref.,  700 

Mesothelioma,  377 

Metachromatic  granules  in  bacteria,  134 
Metamorphosis,  reversionary,  63 

Metaplasia,  62 
Metastasis  of  tumors,  341,  350 
Metazoa,  123 

Metcalf  and   Safford,   on   carcinoma    of 
ureter,  ref.,  788 

Metchnikoff,  on  cytolysis,  178;  in  inflam- 
mation,   108;    on   immunity,    196;    on 

phagocytosis,   104,   106;  on  protective 
action  of  skin,  ref.,  150 

Metchnikoff  and  Rotix,  on  animal  inocu- 
lations in  syphilis,  274 

Methvlene  blue  stain,  1037 
for  bacteria,  145 

polychrome,  1037 
Metritis,  acute,  807 

chronic,  808 

para-,  808 

peri-,  808 Metrorrhagia,  21 

Mexican  typhus,  300 

Meyer,  on  obstruction  of  venae  cavse,  ref., 
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573;  on  regeneration  of  lymph-nodes, 
ref.,  76 

Meynert's  method  of  opening  brain,  996 
Micrencephalus,  325 
Microbes,  133 

Microcephalia,  928 
Micrococci,  134 
Micrococcus  catarrhalis,  226 

'    gonorrhoeae,  221 
characters  of,  222 

melitensis,  288 

pyogenes,  209 
aureus,  205 

tetragenus,  216 
Microcytase,  179 
Microcytes,  457 
Microgametes,  314 
Microgametocytes,  314 
Micron,  ref.,  134 

Micro-organisms,  forms  of,  133 
communicability  of,  158 
in  disease,  150 

fermentation,  ref.,  146 
inflammation,  88 
mouth,  646 
tumors,  347 

relation  of,  to  infection,  156 
role    of,    in    formation    of    venous 

thrombi,  ref.,  25 

ultra-microscopic,  317 
Microphages,  104 
Microsporon  furfur,  148 
Microtomes,  1035 

Mieczkowskif  on  role  of  micro-organisms 
in  gall-stones,  ref.,  745 

Miescher,  tubes  of,  121 

Mignoty  on   role  of  micro-organisms   in 
gall-stones,  ref.,  745 

Miller^    on    bacteria    of    non-pregnant 
uterus,    ref.,    804;    on    dead    tubercle 
bacilU,  ref.,  260 

Milne,  on  repair  of  liver,  ref.,  717 
Minot,  on  cell  development,  ref,  69;  on 

embryological  basis  of  pathology,  ref., 
357;  on   regressive  processes,  ref.,  35; 
on  relation  between  endothelium  and 

mesothelium,  ref.,  377 
Misick,  on  teratoma  of  liver,  ref.,  737 
Mitchell,  on  foreign  bodies  in  appendix 

vermiformis,  ref.,  686 
Mitosis,  65 

abnormal  phases  of,  66 
in  carcinoma,  402 

Matosis  in  tumors,  339 

significance  of,  67 
Mitotic  figure,  66 
MitiUescu,  on  tubercle  bacilli  on  books, 

ref.,  266 

Moles,  hydatid,  of  placenta,  826 

,       of  placenta,  824 
pigmented,  of  skin,  372 

MoUuscum  contagiosum,  415 
Monaster,  65 

Monomorphism  in  bacteria,  136 
Monsters,  320 

double,  328 

Montgomery,  on  lung  pigment,  ref.,  592 
Monti    and    Berggrun,    on    Von   Jaksch 

ansemia,  ref.,  479 

Moore,  on  diseases  of  animals,  ref.,  157; 
on  vaccination,  ref.,  307 

Morbus  maculosus  neonatorum,  22 

Morf,  on  sarcoma  of  thyroid,  ref.,  514 
Morgan,  on  regeneration,  ref.,  69 
Morphin  poisoning,  422 
Morrow,  on  leprosy,  ref.,  270 

Morris,  on  cysts  of  mediastinum,   ref., 
636 

Morse,  in  cirrhosis  in  childhood,  ref.,  729 
Moschcovoitz,  on  carcinoma  of  appendix 

vermiformis,  ref.,  690;  on  non-parasitic 
cysts   of  liver,    ref.,  737;  on  tetanus, 
ref.,  287  . 

Moser,  on  tuberculosis  of  heart,  ref.,  542 
Moser  and  v.  Pirquet,  on  agglutination  of 

streptococci,  ref.,  210 
Mosny,  on  typhoid  and  oysters,  ref.,  245 
Mosquitoes  in  malaria,  314 

in  yellow  fever,  303 

Most,    on    lymph-vessels    of    nose    and 
pharynx,  ref.,  580 

Mouisset  and  Mouriquand,  on  sublimate 

poisoning,  ref.,  421 
Moulds,  133,  147 

as  excitants  of  pneumonia,  613 

higher,  148 
methods  of  study  of,  149 

Mouth,  643 

bacteria  in,  646;  ref.,  647 

cysts  of,  645 
disinfection  of,  ref.,  219 
inflammation  of  (see  Stomatiti;?),  643 
malformations  of,  643 

micro-organisms  in,  646 

syphilis  of,  644 
tuberculosis  of,  644 
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Mouth,  tumors  of,  645 

Mucin,  technique  of  staining,  47,  1038 
Mucous  degeneration,  45 

membranes,  inflammation  of,  pseudo- 
membranous, 212 

membranes,  regeneration  of,  ref.,  71 

patches  in  syphilis,  272  ^ 
of  mouth,  645 

Muhlmann,  on  body  changes,  ref.,  36 
Muir,  on  repair  of  liver,  ref.,  717 
Mailer,  on  abrin  and  ricin  intoxication, 

ref.,  203;  on   compartive  histology   of 
lungs,  ref.,   602;   on    hypertrophy    of 
heart,  554;  on  lipoma  of  kidney,  ref., 
776;  on  natural  immunity,   ref.,    161; 
on  thyroid,  ref.,  512 

Mailer's  fluid,  1029 
Mummification,  58 

Mumps,  699 
Muscle,  868 

atrophy  of,  868,  871 
lipomatous,  871 
progressive,  869,  955 

spinal,  955 
bone  in,  874 

degeneration  of,  871 
embolism  of,  873 
haemorrhage  of,  873 

hyperplasia  of,  874 
hypertrophy  of,  62,  871 

pseudo-,  871 
infarctions  of,  873 
infiltration,  fatty,  of,  871 

hydropic,  of,  872 
inflammation  of  (see  Myositis),  873 
injuries  of,  873 
necrosis  of,  868 
ossification  of,  874 

parasites  of,  875 
pigmentation  of,  868 
regeneration  of,  70 
relation  of,  to  circulation,  16 

rupture  of,  873 

syphilis  of,  875 
trichinia  in,  examination  of,  131 
tuberculosis  of,  875 
tumors  of,  875 

Muscles,    relation    of,    to   circulation   of 
blood,  16 

Musgrave  and  Clegg,  on  amoebfie,  116;  on 
trypanosomiasis,  ref.,  118 

Musser,    Pearce,  and  Givyn,   on   actino- 
mycosis, ref.,  232 

Myasthenia  gravis,  873 

MyceUum,  147 
Mycetoma,  232 
Mycosis,  intestinal,  229,  691 

pharyngis,  647 
Myelin  bodies,  43 

degeneration,  43 
Myelitis,  acute  disseminated,  966 

anterior  horn,  967 
central,  967 

chronic,  972,  973 

parenchymatous,  ref.,  966 

peripheral,  967 
polio-,  anterior,  967 
transverse,  966,  973 
unilateral,  967 

Myeloblasts,  462 
Myelocytes,  461,  477,  897 
Myelogenous  substances  in  cells,  ref.,  40 
Myeloma,  376,  902 
Myelomeningocele,  324 

Myeloplaxes,  901 
Myocarditis,  538 

chronic  interstitial,  539 

gonorrhceal,  ref.,  538 
interstitial,  538 

suppurative,  538 

syphilitic,  542 tuberculous,  542 

Myocardium,    lesions  of,   in   diphtheria, 
ref.,  283 

lesions  of  (see  Heart) 

segmentation  of,  536 

MyogHa  fibrils,  389 

Myoma,  388 
levicellulare,  388 

of  appendix  vermiformis,  690 
bladder,  urinary,  788 
intestine,  688 

kidney,  776 
mamma,  848 
stomach,  662 
testicle,  861 
uterus,  810 

vagina,  797 
striocellulare,  390 

Myomalacia,  ref.,  538 
Myo-sarcoma,  376 
Myositis,  chronic,  873 

interstitial,  873 
ossificans,  386,  874 

poly-,  874 suppurative,  873 
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Myositis,  syphilitic,  875 
tuberculous,  875 

Mvxo-chondroma,  383 
Myxcedema,  429 

internal  secretions  of  thyroid  in,  430 
Myxoma,  365 

gelatinosum,  365 
medullare,  366 
molle,  365 
of  bone,  899 

brain,  976 
dura  mater  spinalis,  922 
Fallopian  tubes,  841 
heart,  556 

larynx,  585 
liver,  737 

lymph-nodes,  497 
mamma,  848 
mamma   male,  867 
muscle,  875 

oesophagus,  653 
peritoneum,  697 
pia  mater  cerebralis,  920 

spinalis,  923 
salivary  glands,  700 
testicle,  860 

Myxo-sarcoma,  376 
Myxosporidia,  121 

Nabothian  glands,  805 
Naegeliy  on  blood,  ref.,  452 

on  diseases  of  blood,  ref.,  471 
on  statistics  of  tuberculosis,  ref.,  263 

Nffivi,  vascular,  394 

Nagana,  117 
NebelthaUf  on  intestinal  tuberculosis,  ref., 

674 

Neck,   appearance  of,   in  strangulation, 
443,  989,  1024 

cysts  of,  647 
Necker,  on  statistics  of  tuberculosis,  ref., 

263 

Necrobiosis,  36 
Necrosis,  36,  56 

coagulation,  58,  59 
fat,  59 

of  pancreas,  704 
focal,  58,  203 
in  inflammation,  97 

litjuefaction,  56 
of  appendix  vermiformis,  685 

bone,  889 
kidney,  750 

Necrosis  of  liver,  241,  714 
muscle,  868 

phosphorus,  of  bone,  890 
zonal,  of  liver,  715 

Negri  bodies,  116,  295 
staining  methods  for,  296 

impression  method,  297 
Neisser,     on     animal     inoculations     in 

syphilis,  274 
Neisser  and  Baermann,  on  animal  inocu- 

lations in  syphilis,  274 
Neisser  and  Lipstein,  on  Staphylococcus 

pyogenes  aureus,  ref.,  208 
Neisser  and  SachSj  on  hsemolysis  tests, 

ref.,  182 
Neisser  and  Scholtz,  ref.,  on  gonococcus, 

223 

Nematoda,  127 

Nephritis,  diffuse,  acute,  756 
degenerative  type,  759 
excitants  of,  760 
exudative  tyj>e,  759 

glomerular  type,  757 
hemorrhagic  type,  759 
interstitial  type,  758 

parenchymatous  type,  759 
productive  type,  759 
variations  in  type,  759 

chronic,  762 
consideration  of,  762 
excitants  of,  768 
indurative  type,  766 
interstitial  type,  766 

parenchymatous  type,  763 
variations  in  type,  768 

experimental,  ref.,  769 
exudative,  759 

general  considerations,  753 

glomerulo-,  757 
interstitial,  759,  766 
malarial,  ref.,  761 

peri-,  772 
productive,  759 

pyelo-,  771 suppurative,  754 

syphilitic,  770 tuberculous,  769 

Nephrolytic  serum,  174 
Nerve  cell,  degenerations  of,  946 

nature  of,  943 

pigment  in,  943 structure  of,  943 

fibres,  degeneration  of,  946 
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Nerve  fibres,  Marchi's  method  of  staining, 
981 

myelin  sheath,  944 
Schwann  sheath,  944 

tissue,  eosin-haematoxylin  stain  for, 
981 

Held's  method  of  staining,  982 
Marchi's  method  of  staining,  981 
Nissl's  method  of  staining,  982 
preparation  and  study  of,  980 
regeneration  of,  69,  951 

Weigert's  method  of  staining, 
981 

tracts,  crossed  pyramidal,  952 
degeneration  of,  953 

direct  pyramidal,  952 
degeneration  of,  953 

Nerves,  degeneration  of,  946,  970 
degeneration  of  neurone,  946 
in  tumors,  338,  362 
inflammation  of  (see  Neuritis),  970 

injuries  of,  931 
leprous  inflammation  of,  976 
lesions  of,  in  diphtheria,  ref.,  283 
morphology  of,  942 
preservation  of,  1001 
regeneration  of,  951 
relation  of,  to  circulation,  16 
sclerosis  of,  971 
tumors  of,  979 

Nervous  system,  908 
artefacts  of,  ref.,  928 

degeneration,  primary,  of,  955 
secondary  of,  953 

degenerations  of,  946,  951 
neurone  theory  of,  943 

preparation  and  study  of,  980 
regeneration  of,  951 
relations  of,    to   circulation   of 

blood,  16 

syphilis  of,  975 
tuberculosis  of,  974 
tumors  of,  976 

Netter,   on  bacteria  in  exudative   pleu- 
ritis,   ref.,   638;   on    pneumococcus   in 

empema,  ref.,  640;  on  preventive  in- 
oculation in  plague,  ref.,  289 

NeuhergeTj  on  calcification  of  kidney,  ref., 
753 

Neufeld,  on  agglutination  of  streptococci, 
ref.,  210 

Neufeld  and  Rimpau,  on  opsonins,  184 
Neufeld  and  Topfer,  on  opsonins,  ref.,  184 

Neumann,  on  bacteria  of  nose,  ref.,  580 
Neurilemma,  946 
Neuritis,  acute,  918 

chronic,  973 
exudative,  918 

multiple,  918 

optic,  957 
Neuro-epithelioma,  388,  410 
Neuroglia,  945 

cells,  genesis  of,  ref.,  357 

hyperplasia  of.  951 nature  of,  945 

types  of,  945 fibrils,  ref.,  388 

in  glioma,  387 
Neuroglioma  ganglionare,  976 
Neurolytic  serum,  174 
Neuroma,  390 

amputation,  391,  931 
false,  391,  931 
fibrillar,  391. 

ganglioniforme,  390 
of  adrenals,  517 

liver,  735 
nerves,  979 

plexiform,  391 
Neurone,  degenerations  in,  946,  953,  955, 

970 

nature  of,  943 

theory  of  nervous  system,  943 
Neurones,  action  of  fatigue  on,  950 

toxins  on,  948,  970 

degeneration,  primary,  of,  955 
secondary,  of,  953 

motor,  cortico-spinal,  952 
degeneration  of,  955,  956 

motor,  peripheral,  952 
degeneration  of,  955,  956 

upper,  952 nutritional  disturbance  of,  948 
sensory,  lower,  952 

peripheral,  952 
degeneration  of,  957 

upper,  952 systems  of,  951 
Neuroryctes  hydrophobise,  116,  296 
New-born,  encephalitis  of,  972 

examination,  post-mortem,  of,  1023 
size  and  characters  of,  1023 

tissues,  preservation  of,  1026 
N^wmafi,  on  maUgnant  disease  of  tonsils, 

ref.,  651 

Newton,  on  rupture  of  heart,  ref.,  527 
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Nicolas  and  Beau,  on  spleen  in  infection, 
ref.,  152 

Nichols,  on  experimental  yaws,  ref.,  293; 
on  ganglion  cells  in  typhoid  fever,  ref., 
243;  on  transplantation  of  organs,  ref., 
78;  on  tumor  transplantation,  ref.,  354 

Nicolle,  on  infective  agent  in  typhus  fever, 
ref.,  300 

Nichols    and    Richardson,    on    arthritis 
deformans,  ref.,  905 

Nipple,  absence  of,  842 
eczema  of,  843 
inflammation  of,  843 

NissFs  stain  for  nerve  tissue,  982 
Nitric  acid,  418 
Nitrobenzol  poisoning,  423 
Nocard    and    Leclainche,    on    infectious 

diseases  of  animals,  319 

Nocard  and  Roux,  on  ultra-microscopic 
organism,  319 

Nocardia,  136,  232 

Noguchi,    modification    of   Wassermann 
reaction,  281 

Noguchi  and  Cohen,  on  trachoma  bodies, 
ref.,  309 

Noma,  644 
of  vulva,  794,  797 

von  Noorden  on  diseases  of  blood,  ref,  471 
Normoblasts,  458 

Norris,  C.  C,  on  carcinoma  of  apj>endix 
vermiformis,  ref.,  690 

Norris,  Charles,  on  bacterial  precipitins, 
182;  on  myeloma,  ref.,  902 

Norris,  G.  W.,  on   tuberculous  pericar- 
ditis, ref.,  521 

Norris     and     Larkin,     on     streptothrix 

pneumonia,  ref.,  232 
Norris,  Pappenheimer,  and  Flournoy,  on 

relapsing  fever,  292 
Northrup,  on  emphysema  of  lung,  ref., 

598;  on  reptilian  heart,   ref.,  523;  on 

tuberculous    bronchial     lymph-nodes, 
ref.,  487 

Northrup    and   Crandall,    on    scurvy    in 
infants,  ref.,  438 

Norton,  on  |>ersivStent  thymus,  ref.,  511 
Nose,  579 

adenoids,  581 
bacteria  in,  580 

cysts  of,  581 
haemorrhage  from,  579 
hay  fever,  ref.,  580 
inflammation  of  (see  Catarrh),  579 

Nose,  lymph- vessels,  of,  ref.,  580 
malformations  of,  579 
mucous  membranes  of,  579 

polyps  of,  581 tumors  of,  581 

Novy,  on  pathogenic  trypanosomes,  ref., 
118;  on  protozoa,  ref.,  115 

Novy  and  Knapp,  on  relapsing  fever,  ref., 
293 

Novy    and    McNeal,    on    Trypanosoma 
lewisi,  117 

Noyes,  on  accessory  adrenals,  ref.,  515 
Nutmeg  liver,  710 
Nutrition,  disturbances  of,  9 

relationship  of,  to  disease,  9 
NuUaU,  on  blood  relationships,  172,  ref., 

181;  on   r61e   of   insects  in  infection, 

ref.,  151 
NuttaU    and  Shipley,    on   anopheles   in 

malaria,  ref.,  316 
Nux  vomica  poisoning,  424 

Nymphse,  anomaUes  of,  793 

Obermeier,  spirochsete  of,  292 
Occupation,  relation  of,  to  disease,  9 
Ochronosis,  55 
Odontoma,  387 
(Edema,  22 

malignant,  291 
of  brain,  934 

glottis,  582,  1011 
labia,  793 

larynx,  582 
lung,  593 

lymph-nodes,  482 
pia  mater  cerebralis,  913 
uterus,  802 

purulent,  200 
Oertel,  on  echinococcus  in  liver,  ref.,  739: 

on  necrosis  of  liver,  ref.,  715 

oesophagitis,  653 
(Esophagus,  651 

abscesses  in,  653 

cysts  of,  654 
dilatation  of,  651 
diverticula  of,  652 

examination,  post-mortem,  of,  1010 
foreign  bodies  in,  652,  653 
hsemorrhage  in,  651 
inflammation  of,  653 
malformations  of,  651 

perforation  of,  651 
rupture  of,  651 
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(Esophagus,  stenosis  of,  652 

syphilis  of,  653 
tuberculosis  of,  653 
tumors  of,  653 
ulcer  of,  651 
varices  in,  651 

Oidiomycosis  cutis,  146 
Oidium,  147 

albicans,  in  mouth.  147,  644 

vagina,  797 
Oligocythffimia,  454,  456 
Omentum,  cysts  of,  699 

examination,  post-mortem,  of,  1002 
hernia  of,  670  , 
tumors  of,  ref.,  698 

Oophoritis,  827 
acute  exudative,  827 
chronic  interstitial,  828 

syphilitic,  829 
tuberculous,  829 

OphulSf  on  "acid-proof"  bacilli  in  gan- 
grene, ref.,  600;  on  atypical  typhoid, 

ref.,  243;  on  corpora  amylacea,  ref.,  50 
Opie,  on  experimental  atrophy  of  liver 

cells,  718;  on  filarial  lymphatic  varix, 
ref.,    131;    on   haemochromatosis,   ref., 
54;  on   lesions  of  pancreas,  ref.,  704; 

on    leucocytic    exudates    after    intra- 
peritoneal  injection    of  bacteria,  ref., 

694;  on  proteolytic  enzymes  in  phago- 
cyte, 105;   on   relation  of  pancreas  to 

diabetes,   ref.,  435;  on  zonal  necroses 
of  liver,  ref.,  715 

Opie  and  Meakins,  on  hsemorrhagic  necro- 
sis of  pancreas,  ref.,  705 

Opitz,  on  entrance  of  bacteria  through 
intestine,  ref.,  694 

Opium  poisoning,  422 
Oppenheim,  on  multiple  sclerosis,  ref.,  972 
Oppenheimer,  on  bacterial  poisons,  ref., 

152 

Opsonic  index,  187 
in  acute  lobar  pneumonia,  220 

power,  determination  of,  186 
substances,  183 

Opsonins,  183 
clinical  significance  of,  186 
fixation  of,  185 

in  typhoid  fever,  246 
Orchitis,  857 

acute  exudative,  857 
chronic,  858 

leprous,  860 

Orchitis,  syphilitic,  860 
tuberculous,  858 

Oriental  plague,  288 
Ornithodorus  moubata,  293 

Orthmann,   on  retro-ovarian  cysts,   ref., 
841 

Orth's  fluid,  1029 
Oshima,  on  bacteria  in  mouths  of  healthy 

children,  ref.,  647;  on  malignant  tumors 
of  kidney  in  children,  ref.,  777 

Osier y  on  cretinism,  ref.,  430;  on  hair  balls 
in  stomach,  666;  on  Madura  foot,  ref., 
232 

Osier  and  McCraey  on  carcinoma  of  stom- 
ach in  young,  ref.,  664 

Osmic  acid,  as  fixative,  1029 

Ossification,  irregular,  in  rickets,  892 

syphilis,  888 of  bronchi,  592 
Osteitis,  882 

condensing,  885 
ossifying,  883 

rarefying,  883 

suppurative,  885 

syphilitic,  888 tuberculous,  887 
ulcerative,  891 

Osteoblasts,  876,  881 

Osteo-chondroma,  383 
of  mamma,  848 

Osteoclasts,  60,  103,  876,  883 
Osteoid  tissue,  878 
Osteoma,  385 

of  brain,  976 

bone,  899 
dura  mater  cerebralis,  911 

lung,  634 
mamma,  848 

peritoneum,  697 
pia  mater  cerebralis,  920 
muscle,  874 

penis,  855 testicle,  860 
Osteomalacia,  896 

Osteomyelitis,  886 
chronic,  887 
infectious,  acute,  886 

malignant,  887 
Osteophytes,  386,  881,  889 
Osteo-porosis,  883 
Osteo-sarcoma,  373 
Osteo-sclerosis,  885 

OtL<<  and  Evans,  in  blastomycosis,  ref.,  146 
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OttOy  on  cysts  of  spleen,  ref.,  510 

Ottolenghi,   on  bacteria  in  blood  of  ca- 
daver, ref.,  987 

Ovarian  pregnancy,  842 
Ovaries,  826 

absence  of,  826 

cystadenoma  of,  830 
cysts  of,  830,  836,  837 
displacements  of,  826 
ectopic  pregnancy,  842 

examination,  post-mortem,  of,  1020, 
1026 

haemorrhage  of,  827 
hernia  of,  826 

hyperaemia  of,  826 
hypertrophy  of,  62 
inflammation    of    (see    Oophoritis), 

827 

malformations  of,  826 

malpositions  of,  826 
preservation  of,  1020 
regeneration  of,  73 
size  of,  1020 

changes  in,  826 

syphilis  of,  829 
teratoma  of,  836 

thyroid  tissue  in,  ref.,  836 
transplantation  of,  ref.,  78 
tuberculosis  of,  829 
tumors  of,  829 

weight  of,  1020 
Ovula  Nabothi,  805,  822,  1020 
Oxalic  acid,  419 

Oxyuris  in  vagina,  797 
vermicularis,  128 

Oysters  and  typhoid  fever,  245 

Pacchionian  bodies,  912,  992 
Pachydermia  diffusa,  583 

verrucosa,  583 

Pachymeningitis,  909,  922 
acute  externa,  909,  922 

interna,  909 
chronic,  909,  922 

interna  hsemorrhagica,  910,  922 

syphilitic,  911 
tuberculous,  911,922 

Packardy  on  faucial  tonsils,  ref.,  649 

Paget 's  disease,  843 
Palate,  cleft,  643 
Pancreas,  701 

absence  of,  701 
accessory,  701 

69 

Pancreas,  atrophy  of,  702 
autodigestion  of,  702 
bacteria  in,  705 
calculi  in  ducts  of,  707 
cholelithiasis,  effect  of,  on,  705 

concretions  in  ducts  of,  707 

cysts  of,  706 
degeneration  of,  703 
diabetes,  relation  of,  to,  435,  703 

displacement's  of,  701 
ducts,  dilatation  of,  706 

examination,  post-mortem,  of,  1017 
fat  necrosis  of,  704 

foreign  bodies  in  ducts  of,  707 

gangrene  of,  705 
gummata  in,  706 
haemorrhage  in,  705 
infiltration,  fatty,  of,  703 
inflammation  of,  705 

Langerhans'    islands,    degeneration 
of,  703 

lesions  of,  in  diabetes,  435,  703 
cirrhosis  of  liver,  728 

malformations  of,  701 
necrosis  of,  704 

parasites  of,  707 
preservation  of,  1018 
size  and  weight  of,  1017 

syphilis  of,  706 
tuberculosis  of,  706 
tumors  of,  706 

Pancreatic  duct,  malformations  of,  701 
Pancreatitis,  705 

Pancreolytic  serum,  174 
Pandemic  disease,  159 

Papilloma,  364 
of  bladder,  urinary,  786 

Fallopian  tubes,  841 

gall-ducts,  743 
kidney,  776 

larynx,  585 
mouth,  645 

oesophagus,  653 
ovary,  829,  835 

penis,  854 stomach,  662 

vagina,  797 
vulva,  794 

Pappenheimer,  on  thymus,  ref.,  511 

Pappenheim's  method  of  staining  tubercle baciUi,  258 

Paraffin  embedding,  1033 

Paralysis,  acute  ascending,  969 
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Paralysis,  infantile,  299 

Landry's,  969 
spinal,  infantile,  967 

spastic,  955 
Parametritis,  808 

Paraphimosis,  854 
Paraplegia,  ataxic,  962 

spastic,  955 
Parasite,  332 
Parasites,  animal,  114 

in  blood,  470 

plant,  133 
Parathyroid  glands,  514 
Paratyphoid,  247 
Parenchymatous  degeneration,  39 
Paresis,  general,  lesions  of  brain  in,  972 
Paris  green  poisoning,  421 
Parky  /?.,  on  osteomyelitis,  ref.,  887 
Park,   W.  //.,  on  agglutination  tests  in 

classification,  ref.,  181 ;  on  B.  influenzsB, 
ref.,  234;  on  serum  therapy,  ref.,  165 

Park   and  Krumweide,    on   types   of    B. 
tuberculosis,  ref.,  266 

Park  and  Williams,  on  B.  dysenteric 
ref.,  677;  on  bacteriology,  133;  on 
diphtheria  antitoxin,  285;  on  infection 
of  children  with  bovine  tuberculosis, 

ref.,  266;  on  preventive  inoculations  in 
hydrophobia,  ref.,  298;  on  protozoa, 
ref.,  115;  on  typhoid  carrier,  ref.,  245 

Parotid  gland,  699 
inflammation  of,  699 
tuberculosis  of,  700 
tumors  of,  700 

Parotitis,  699 

Parovarium,  cysts  of,  837 
Parsons,    on    bone    lesions    in    typhoid 

fever,  ref.,  243 
Pdssler  and  Heineke,  on  hypertrophy  of 

heart,  ref.,  554;  on  relation  of  hyper- 
trophy of  heart  to  kidney  disease,  ref., 

768 

Pasteur  method  in  hydrophobia,  297 

Pathological    morphology,   characteriza- 
tion of,  5 

physiology,  characterization  of,  5 
specimens,  preservation  of,  1027 

Patliology,  classifications  of,  6 
comi)arative,  319 
definitions  of,  3,  5 
divisions  of,  5 

general  introduction  to,  3 

special,  451 

Pawlowsky,  on  elimination  of  bacteria  in 

body,  ref.,  151 
Payr,  on  transplantation  of  thyroid,  ref., 

78 
Pearce,  on  cytolysins,  175;  on  degenera- 

tion   of    heart   muscle,   ref.,   541;    on 

experimental    cirrhosis,    ref.,  730;    on 
h^Bmagglutinins  and  liver  necroses,  ref., 
715;  on  islands  of  Langerhans,  ref.,  704; 
on    leptothrix,    ref.,   232;  on  oedema, 
ref.,   22;    on   pancreas   in     congenital 

syphilis,  ref.,  706;   on  regeneration  of 
kidney,   ref.,   72;    on   regeneration    of 
liver,  ref.,  717;  on  thrombi,  ref.,  26 

Pearce   and    Winne,   on   hsemagglutinins 
and     liver     necroses,     ref.,     715;     on 
thrombi,  ref.,  26 

Pearce,   Hilly  and  Eisenbrey,  on  experi- 
mental nephritis,  ref.,  769 

Pearls,  epithelial,  407 
Pearson,  on  animal  immunization  against 

tuberculosis,  ref.,  262 
Pediculus  capitis,  132 

vestamenti  in  Mexican  typhus,  301 
PelleWy  on  arsenic  poisoning,  ref.,  421 
Penis,  853 

absence  of,  853 
balanitis,  854 

calcification  of,  855 
calculi  of,  855 

condyloma  of,  854 
corpora  cavernosa,  inflammation  of, 

854 

cysts  of,  855 
elephantiasis  of,  855 
enlargement  of,  853 

epispadias,  853 
erysipelas  of,  854 
examination,  post-mortem,  of,  1018 
furuncles  of,  854 

haemorrhage  in,  854 

herpes  of,  854 

h>T>ospadias,  853 indurations  of,  854 
inflammation  of,  854 

injuries  of,  854 
malformations  of,  853 
ossification  of,  855 

paraphimosis,  854 
phimosis  of,  854 

congenital,  853 

syphilis  of,  854 
tuberculosis  of,  854 
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Penis,  tumors  of,  854 
ulcers  of,  854 

Pentastomum  denticulatum  in  liver,  739 

lymph-nodes,  497 
spleen,  511 

Periarteritis,  559 
nodosa,  566 

Pericarditis,  518 
acute,  519 
bacteria  in,  520 
chronic,  520 
exudative,  519 
fibrinous,  519 
obliterative,  520 

purulent,  520 
sero-fibrinous,  519 

suppurative,  520 
tuberculous,  521 

Pericardium,  518 
air  in,  518 
calcification  of,  520 

cysts  of,  522 
dropsy  of,  518 

examination,  post-mortem,  of,  1004 
fibroid  nodules  in,  521 

gas  in,  518 
haemorrhage  in,  518 

hydro-,  518 
inflammation  of,  518 

pneumo-,  518 
tuberculosis  of,  521 
tumors  of,  522 

Perihepatitis,  733 
Perimetritis,  808 

Perinephritic  suppuration,  772 
Periosteum,  haemorrhage  in,  877 

hypersBmia  of,  877 
inflammation  of  (see  Periostitis),  878 
tumors  of,  899 

Periostitis,  878 
exudative,  879 
fibrous,  880 

ossifying,  880 

suppurative,  879 
syphilitic,  881 
tuberculous,  882 

Periphlebitis,  573 
Peripneumonia  of  cattle,  organism  of,  319 
Perisplenitis.  507 
Peritoneum,  691 

absorption  from,  ref.,  Ill,  694 
ascites  of,  692 

cysts  of,  699 

Peritoneum,  haemorrhage  in,  692 
inflammation  of  (see  Peritonitis),  692 
malformations  of,  691 

parasites  of,  699 
tuberculosis  of,  695 
tumors  of,  696 

Peritonitis,  692 

acute,  692 
bacterial  excitants  of,  694 
cellular,  692 

chronic,  695 

chronic,  694,  695 
exudative,  693 

gonococcus,  ref.,  694 

suppurative,  693 
tuberculous,  695 

Perkins  J  on  B.  mucosus  capsulatus,  ref., 216 

Perkins  and  Pay,  on  bacteria  in  smallpox, 
ref.,  305 

Perroney  on  appendicitis,  688 
Pertussis,  317 
Pest  (see  Plague),  288 
Petechiae,  21 

Peterson^  on  non-malignant  rectal  stric- 
tures, ref.,  684 

Peterson  and  Haines,  on  legal  medicine, 

426 
Petruschky,  on  ray  fungi,  ref.,  232 

Peyer's  patches  in  typhoid  fever,  235 
Pfaff,   on   oesophageal   diverticula,    ref., 

652 
Pfeiffer,  on  bacteriolysis,  170 

phenomenon,  170 
Phagocytes,  99,  161 

action  of,  105,  111 
counting,  187 

enzymes  in,  105 
forms  of,  103 

in  cytolysis,  178 
Phagocytic  count,  187 

Phagocytosis,  98,  183 
by  leucocytes,  463 
experimental  study  of,  110 

Phagolysis,  179 
Pharyngitis,  648 

adenoids  in,  648 
catarrhal,  648 
tuberculous,  649 

Pharyngo-mycosis  leptothrica,  232 
Pharynx,  647 

abscess  in,  648 

adenoids,  648,  649,  650 
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Pharynx,  as  portal  of  entry  for  tubercle 
bacilli,  650 

cysts  of,  647 
diverticula  of,  647 

examination,  post-mortem,  of,  1010, 
1025 

fistulse  of,  647 

inflammation   of   (see  Pharyngitis), 
648 

lesions  of,  581 
malformations  of,  647 

mycosis  of,  647 

polyps  of,  650 
preservation  of,  1011 
tuberculosis  of,  649 
tumors  of,  650 

Phimosis,  854 
congenital,  853 

para-,  854 
Phlebectasia,  572 
Phlebitis,  573 

acute  infective,  573 
chronic,  574 

endo-,  574 

peri-,  574 
syphilitic,  575 
tuberculous,  575 

Phleboliths,  27,  533 
Phlegmon,  200 

gaseous,  290 
Phloridein  diabetes,  ref.,  435 
Phloroglucin     as     decalcifying      agent, 

1031 

Phosphorus  necrosis  of  bone,  890 
poisoning,  419 

fat  embolism  in,  34 
Phthisis,  627 
Pia  mater  cerebralis,  912 

blood  in,  913 
bone  in,  921 

cysts  of,  921 
hemorrhage  in,  913 

hypersemia  of,  913 
inflammation    of    (see 

Meningitis),    914 
oedema  of,  913 
Pacchionian  bodies  in,  912 

parasites  of,  921 
pigmentation  of,  914,  921 
structure  of,  912 

syphilis  of,  919 
tuberculosis  of,  918 
tumors  of,  919 

Pia  mater  cerebralis,  examination,  post- 
mortem, of,  992 

methods  of  hardening,  998 

spinalis,  922 
bone  in,  923 
cartilage  in,  923 
haemorrhage  in,  922 
inflammation    of    (see 

Meningitis,  spinal),  923 

parasites  of,  923 
tuberculosis  of,  923 
tumors  of,  923,  977 

Pic  and  Bonnamour^  on  arterio-sclerosis, 
ref.,  565 

Pic  J  on  hydatid  moles,  ref.,  826;  on  ochro- 
nosis, ref.,  55 

Picro-acid-fuchsin  stain,  1036 
Pierson  and  Ravenel,  on  moulds,  ref.,  147 
Pigment,  anthracotic,  53,  616 

extraneous,  53,  56 

h^Bmatogenous,  53 

hepatogenous,  53,  54 
in  blood,  470 
metabolic,  55 

of  red  blood  cells,  456 
skin,  ref.,  55 

Pigmentation,  53 
of  adrenals,  516 

bone  marrow,  877 
brain,  933 
heart,  529 
liver,  714,  721,  730 

lungs,  601,  616 

lymph-nodes,  483 
muscle,  868 
nerve  cells,  943 

pia  mater  cerebralis,  914,  921 

pleura,  641 
spleen,  501 

Piles,  684 
Pilocarpin  exudates,  195 
Pineal  gland,  lesions  of,  980 
Pinworm,  128 

Piroplasma  bigeminum,  122 
Pituitary  body,  517,  980 
Pityriasis  versicolor,  148 
Placenta,  822 

apoplexy  of,  823 
calcification  of,  823 

cysts  of,  826 
degenerations  of,  823 
haemorrhage  in,  823 
infarction  of,  823 



INDEX 
1093 

Placenta,  inflammation  of,  823 
lesions  of,  822 
moles  of,  824 

polyps  in,  824 
structure  of,  ref.,  822 

syphilis  of,  823 
tuberculosis  of,  823 
tumors  of,  824 

Plague,  bacillus  of,  288 
bubonic,  288 

lobular  pneumonia  of,  612 
insects  and,  289 
insects  as  carriers  of,  ref.,  151 
oriental,  288 

preventive  inoculation  in,  289 
pulmonary,  288 
rats  and  squirrels  and,  289 

septicemic,  288 
swine,  bacillus  of,  289 

Plant  parasites,  133 
Plasma  cells,  74,  93,  462 
Plasmodium  malarise,  312 

Plaulj  on  yeasts  and  moulds  in  disease, 
ref.,   149 

Pleomorphism,  in  bacteria,  136 
Plethora,  16,  455 
Pleura,  636 

air  in,  637 

as  portals  of  entry  for  bacteria,  ref., 
614 

calcification  of,  639 

cysts  of,  642 
echinococcus  of,  642 

empyema,  638 
gas  in,  637 
haemorrhage  in,  637 

hydro-pneumothorax,  637 
hydro  thorax,  636 
inflammation  of  (see  Pleuritis),  637 
pigmentation  of,  641 

pyo-pneumothorax,  637 
tuberculosis  of,  640 
tumors  of,  641 

Pleural  cavities,  air  in,  637 
tests  for,  1003 

examination,   post-mortem,   of, 
1003,  1009,  1025 

gas  in,  637 
Pleurisy  (see  Pleuritis),  637 
Pleuritic  adhesions,  640 
Pleuritis,  637 

acute,  637 
chronic,  640 

Pleuritis,  dry,  637 

exudative,  637 
fibrinous,  simple,  637 
sero-fibrinous,  637 

excitants  of,  638 
sicca,  637 

suppurative,  638 
tuberculous^  640    . 
with  effusion,  637 

Plimmer  bodies,  348 
Pneumococcal  vaccines,  220 

Pneumococco-opsonic  index,  220 
Pneumococcus     (see   Diplococcus   pneu- 

moniae), 218 
lanceolatus,  217 
of  Frankel,  217 

Friedlander,  216 
Pneumonia,  600 

aspiration,  611 
broncho-,  608,  609 

excitantsof,  612,  613 
exudates  in,  61 1 
tuberculous,  624 

cheesy,  627 
classification  of,  603 

cooling  of  body  as  determining,  614 
crisisin,  219,  606 

croupous,  603 
excitants  of,  218 

experimental,  ref.,  614 
in  animals,  ref.,  614 

exudative,  603 
fibrinous,  603 

htematogenous,  611 

hypostatic,  612 
interstitial,  614 
lobar,  acute,  603 

associated  lesions  in,  606 
bacteria  in,  607 

complications  of,  606 
concurrent  infection  in,  607 

delayed  resolution  in,  607 

diplococcus  of,  218 
experimental,  218,  614 
mixed  infection  in,  607 
statistics  of,  606 

suppurative    inflammation 

in,  607 
lobular,  608 

excitants  of,  613 
exudate  in,  61 1 

"organizing,"  607 
"patchy,"  608 
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Pneumonia,    "purulent  infiltration"   in, 
608 

py«mic,  611 
reversion  of  epithelium  in,  615 

septic,  611 
syphilitic,  633 
tuberculous,  618 

Pneumokoniosis,  5t6,  616 
Pneumonitis  (see  Pneumonia),  600 
Pneumonomycosis,  ref.,  147 
Pneumopericardium,  518 
Pneumothorax,  637 
Poikilocytes,  457 

Poisoning,    examination,    post-mortem, 
in  cases  of,  1014, 1016,  1022 

meat,  291 
Poisons,  417 

abrin,  153,  ref.,  203,  425 
aconite,  425 
alcohol,  423 
aloes,  422 
ammonia,  419 
animal  venom,  etc.,  424 
arsenic,  420 
bacterial,  139,  152 

bibliography  of,  426 
cantharides,  422 
carbolic  acid,  423 
carbonic  oxide,  425 
chloral  hydrate,  424 
chloroform,  424,  716 
colchicum,  422 
colocynth,  422 
conium,  425 

copper,  422 
corrosive  sublimate,  421 
croton  oil,  422 

cyanide  of  potassium,  423 
digitalis,  425 
elaterium,  422 

endogenous,  417,  426,  427 
ether,  424 
exogenous,  417 
fungi,  423 

gamboge,  422 
hellebore,  422 

histogenic,  427 
hydrochloric  acid,  418 
hydrocyanic  acid,  423 

jalap,  422 
lead,  421 
lesions  induced  by,  417 
lobelia,  425 

Poisons,  morphin,  422 
nitric  acid,  418 
nitrobenzol,  423 
nux  vomica,  424 

opium,  422 
oxalic  acid,  419 

Paris  green,  421 

phosphorus,  419 

potash,  419 
potassium  nitrate,  419 
potassium  oxalate,  419 

ptomain,  425 
ricin,  153;  ricin,  ref.,  203,  425 
savin,  422 
scammony,  422 

Scheele's  green,  421 
soda,  419 
stramonium,  425 

strychnin,  424 
sulphuric  acid,  417 
tartar  emetic,  422 
tartaric  acid,  419 

turpentine,  422 
vegetable  irritants,  422 
venom,  animal,  153,  424 
veratria,  422 

Polailloriy  on  lung  stones,  ref.,  639 
Polar  body,  65 

Poliomyelitis,  acute  anterior,  299,  967 
communicability  of,  300 
immunity  in,  300 

Polycythsemia,  454 
Polymyositis,  acute  primary,  874 

Polyps,  adenoid,  650 
of  bronchi,  592 

heart,  531 
intestine,  688 

nose,  ref.,  580,  581 

pharynx,  650 
placenta,  824 
urethra,  792 
uterus,  803,  810 

Popon,  on  arsenic  poisoning,  421 
Porciky  on  plasma  cells  in  liver,  ref.,  74 
Porencephalus,  979 
Portal  vein,  lesions  of,  711 

Porter,  on  coronary  arteries,  ref.,  537 
Posselt,  on  echinococcus  in  liver,  ref.,  739 

Post-mortem  changes  in  blood  distribu- 
tion, 986,  990 

in  cholera,  248 

pysBmia,  204 septicaemia,  204 
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Post-mortem  contusions,  989 
cooling  of  body,  988 
cultures,  1021 

decomposition,  987 
discoloration  of  viscera,  1002 
examination,  985 

after  asphyxia,  442 
drowning,  444 
strangulation,  443 

closure  of  body  after,  1021 
external  inspection,  986 
for  bacteria,  1021 
internal  inspection,  990 
lividity,  cadaveric,  986 
medico-legal,  1022 
method  of  making,  986 
of  abdomen,  1001,  1025 

adrenals,  1013,  1026 
aorta,  1018 
base  of  cranium,  998 

bladder,  1018,  1019,  1026 
bones,  1026 
brain,  992,  1024 
bronchi,  1009 

diaphragm,  1003 
dura  mater,  992 

ear,  988 

eyes,  998 
Fallopian  tubes,  1020 

gall-bladder,  1016 
-ducts,  1016 

genito-urinary   organs,    fe- 
male, 1019,  1026 

male,  1018,  1026 

haBmolymph-nodes,  1018 
head,  991,  1024 
heart,  1004,  1025 
internal  ear,  998 
intestine,  1002,  1014,  1026 
kidney,  1011,  1026 
larynx,  1010,  1025 
liver,  1002,  1016,  1026 

lung,  1009,  1025 
new-born,  1023 
oesophagus,  1010 
omentum,  1002 
ovaries,  1020 

pancreas,  1017 
pericardium,  1004 
pharynx,  1010,  1025 
pia  mater,  992 
pleural  cavities,  1009,  1025 
prostate  gland,  1018 

Post-mortem  examination  of  solar  plexus, 
1018 

spinal  cord,  999 
spleen,  1013,  1026 
stomach,  655,    1003,  1015, 

1026 

testicles,  1018 
thoracic  duct,  1018 
thorax,  1001,  1024 

thymus,  1025 
thyroid,  1010,  1025 
trachea,  1011 
umbilical  cord,  1026 

urethra,  1018 
uterus,  1019 

vagina,  1019 
vesicuke  seminales,  1018 
vulva,  1019 

putrefactive  changes,  987 
fractures,  990 

gas  formation,  987 

hypostasis,  986 
identification,  986 
lividity,  986 

marks  gf  violence,  989 

putrefaction,  987 
rigidity,  988 
rise  of  temperature,  988 
softening  of  viscera,  1002 
wounds,  990 

Potash  poisoning,  418 

Potassium  bicarbonate  in  Miiller's  fluid, 
1029 

nitrate  poisoning,  419 
oxalate  poisoning,  419 

Potter,  Ditmany  and  Bradley y  on  opsonins, 
ref.,  187 

Powersy  on  carcinoma  of  branchial  cleft, 
ref.,  651 

Pratt,  on  coronary  arteries,  ref.,  537;  on 
histology   of  acute   lobar    pneumonia, 
ref.,    606;   on  paratyphoid,    ref.,    247; 
on  typhoid  bacillus,  ref.,  244 

Preble,  on  gastro-intestinal  haemorrhage 
in  cirrhosis,   ref.,  728;  on    oesophageal 

varices,   ref.,   651;    on    pneumococcus 
endocarditis,  ref.,  544 

Preble  and  Hektoen,  on  multiple  neuroma, 
ref.,  393 

Precipitating  substances,  181 
Precipitin  test  in  forensic  medicine,  181 

technique  of,  194 
Precipitins,  181 
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Precipitins,  anti-,  182 
in  typhoid  fever,  246 
nature  of,  182 

Pregnancy,  abdominal,  842 
chorionepithelioma  of,  820 
extra-uterine,  841 
interstitial,  842 
ovarian,  842 
toxaemia  of,  liver  in,  718 
tubal,  841 

tubo-abdominal,  842 
vomiting,  pernicious,  in,  718 

Prepuce,  absence  of,  853 
lesions  of,  854 

Preservation  of  tissues,  1029 

Pribram,   on  bacterial  hsemolysins,  ref., 
153 

Proescher   and   Reddy,    on    paratyphoid, 
ref.,  247 

Proglottides  of  tapeworm,  124 
Prolapsus  uteri,  801 
Prosopothoracopagus,  330 
Prostate,  863 

abscess  of,  866 

atrophy  of,  863  , 
concretions  of,  866 

cysts  of,  866 
degenerations  of,  863 
examination,  post-mort<^m,  of,  1018 

hyperplasia  of,  864 
hypertrophy  of,  863 
inflammation  of,  864 

parasites  in,  866 
tuberculosis  of,  866 
tumors  of,  866 

Prostatitis,  864 
Proteids,  defensive,  161 

protective,  109 
Proteins,  3 

Proteus  group  of  bacilli,  216 
Prothrombin,  452 

Protoplasmic  processes,  944 
Protozoa,  114 

classification  of,  115 
cultivation  of,  115 
effects  of,  115 
in  infectious  diseases,  317 

tumors,  347 
methods  of  study  of,  122 
modes  of  transmission  of,  114 

Proud  flesh,  95 
Prudden,     on     bacteria     in     exudative 

pleuritis,  ref.,    638;  on    dead  tubercle 

bacilli,  ref.,  260;  on  experimental  tu- 
lx»rculosis,  ref.,  631;  on  malignant 
endocarditis,  ref.,  545;  on  multiple 

neuroma,  ref.,  393;  on  pseudo-hyper- 
trophy of  muscle  in  multiple  neuroma, 

ref.,  871;  on  pseudo-membranous  in- 
flammation, ref.,  212;  on  rhabdo- 

myoma of  parotid  gland,  ref.,  390; 
Prudden  and  Hodenpyl,  on  dead  tubercle 

bacilli,  ref.,  260 
Psammoma,  376 

of  dura  mater  cerebralis,  912 

spinalis,  922 
pia  mater  cerebralis,  920 

Pseudo-diphtheria,  212 
bacillus,  285 

Pseudo-hermaphrodites,  793 
Pseudo-hermaphroditism,  853 

Pseudo-hypertrophy  of  muscle,  871 
Pseudo-leukffimia,  489 

granulomatous,  491 
infantum,  479 

spleen  in,  509 
Ptomain  poisoning,  425 
Ptonuuns,  bacterial,  139 

Puerperal  fever,  808 
Purpura  hsemorrhagica,  438 
Pus,  89,  201 

cells,  201 
Pustules,  199 

malignant,  228 
Putnam,    on    haemorrhagic   encephalitis, 

ref.,  965 

Putnam,  and  Taylor,  on  spinal-cord  de- 
generation, ref.,  963 

Putrefaction,  post-mortem,  987 

PyBBmia,  203 

crypto-genetic,  204 
post-mortem  changes,  204 

septico-,  204 
Pycnosis,  57 
Pyelitis,  771 
Pyelo-nephritis,  chronic,  771 

suppurative,  771 

Pygopagus,  331 
Pylorus,  stenosis  of,  662 

congenital,  654 
Pyogenic  bacteria,  205 
Pyo-pneumothorax,  637 
Pyosalpinx,  840 
Pyo-septicaemia,  ref.,  204 
Pyramids,  anterior,  952 

Pyrexia,  440 
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Quarter-evil,  291 
Quenu  and  Branca^  on  regeneration  of 

intestinal  epithelium,  ref.,  682 

Quinsy,  649 

Rabies  (see  Hydrophobia),  294 
Race,  relationship  of,  to  disease,  13 
Rachitis,  891 

foetal,  896 

Radium,  injuries  from,  11 
Radziewsky,  on  bacterial  infection,  ref., 

153 

Rainey,  tubes  of,  121 
Ramsay,  on  tumors  of  adrenals,  ref.,  517 
Ranula,  646,  700 
Raschkes,    on   endothelioma    of    vagina, 

ref.,  797 
Ravenelj  on  bovine  tubercle  bacillus,  ref., 

260;  on  entrance  of  bacteria  through 
intestine,  ref.,  694;  on  human  and 
bovine  tuberculosis,  ref.,  266;  on  portals 
of  entry  of  B.  tuberculosis,  ref.,  264 

Ravenel   and    McCarthy,    on    lesions    of 

hydrophobia,  ref.,  294 
Raviart,  on  tuberculosis   of   heart,    ref., 

542 

Ray  fungus,  231 
Receptors,  166 
Rectocele  vaginalis,  796 
Rectum,  683 

examination,  post-mortem,  of,  1018 
haemorrhoids,  684 
inflammation  of,  683 
strictures  of,  684 

Reed,  on  focal  necrosis  in  typhoid  fever, 

ref.,  241 ;  on  Hodgkin's  disease,  ref.,  495 
Reed  and  Carroll,  on  excitant  of  yellow 

fever,  ref.,  302;  on  mosquito  in  yellow 
fever,  ref.,  303 

Reed,    Carroll  and  Agramonte,   on   mos- 
quito in  yellow  fever,  ref.,  303 

Reed,     Vaiighan    and    Shakespeare,     on 
typhoid  fever  in  army  camps,  ref.,  245 

Regeneration,  64 
of  bladder  mucosa,  ref.,  71 

blood,  77 

blood-vessels,  75 
bone,  76 

bone-marrow,  76 
cartilage,  76 
cells,  68 

impulse  to,  79 
connective  tissue,  73 

Regeneration  of  endothelium,  75 

epithelium,  71 
fat  tissue,  77 
kidney,  72 

liver,  72 

lymph-nodes,  76 
lymph-vessels,  76 
mammary-glands,  72 
mucous  membranes,  ref.,  71 
muscle  tissue,  70 
nerve  tissue,  68,  951 
ovary,  73 

salivary  glands,  72 
testicle,  73 

thyroid,  72 
Regression  In  cells,  35 

Reinba^h,  on  colloid,  ref.,  513;  on  granula- 
tion tissue,  ref.,  95 

Reineboth  and  Kohlhardt,  on    cooling  of 

body  and  pneumonia,  ref.,  614 
Relapsing  fever,  292 

in  animals,  292 

Renon,  on aspergillus,  ref.,  147 
Reproductive  organs,  female,  793 

male,  853 
Resolution  in  inflammation,  90 
Resorption,  23 

in  inflammation,  experimental  study 

of,  110 
Respiration,   relation   of,   to   circulation 

of  blood,  16 

Respiratory  system,  lesions  of,  579 
Reversion,  63 

Rhabdomyoma,  390 
of  heart,  556 

muscle,  875 

parotid,  701 testicle,  861 

Rliabdonema  strongyloides,  131 
Rheumatism,  acute,  318 

articular,  904 
Rhexis,  haemorrhage  by,  20 
Rhinitis,  579 

acute  catarrhal,  579 
chronic  catarrhal,  580 

pseudo-membranous,  580 

syphilitic,  580 tuberculous,  580 
Rhinoscleroma,  281 
Rhizopoda,  115 
Rhodes,  on  haemorrhage  of  larynx,  ref., 

582 

Ribbert,  on  appendicitis,  ref.,  688;  on  cell 
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regeneration,  79;  on  cholesteatomata, 
ref.,  379;  on  chordoma,  ref.,  385;  on 

compensatory  hypertrophy,  ref.,  80; 
on  fatty  degeneration,  41;  on  liver 
cirrhosis,  ref.,  730;  on  metaplasia,  ref., 
63;  on  miliary  tubercles,  ref.,  252;  on 

regeneration  of  lymph-nodes,  ref.,  486; 
on  reversion,  ref.,  63;  on  tissue  trans- 

plantation, ref.,  78;  on  tuberculosis  of 
pleura,  ref.,  641;  on  tumors,  416 

Ribbert's  hypothesis  of  origin  of  tumors, 
351 

Richter,  on  ilio-csecal  tuberculosis,  ref.,  683 
Ricin  poisoning,  153,  ref.,  203,  425 
Richer,  on  relationship  of  yeasts  and 

moulds  to  human  disease,  ref.,  149 
Rickets,  891 

foetal,  896 

Ricketts,  on  blastomycosis,  ref.,  146; 
on  immunity,  196;  on  infection  in 
Rocky    Mountain  fever,  301 

Rickett8  and  Oomez,  on  Rocky  Mountain 

spotted  fever,  301 
Ricketts  and  Wilder ^  on  Mexican  typhus, 

301 
Richelmann,  on  statistics  of  carcinoma, 

ref.,  404 
Rieder,  on  leucocytosis,  ref.,  464 

Riesman,  on  Meckel's  diverticulum,  ref., 
667;  on  pulmonary  oedema,  ref.,  595 

Rigor  mortis,  988 
Ring  worm,  148 
Ritchie y  on  bacteria  in  bronohitia,  ref.,  588; 

on  cystic  kidney,  ref.,  774;  on  im- 
munity, 196 

V.  Ritodk,  on  arterial  hypoplasia,  ref., 
1018 

Rixford  and  Gilchrist,  on  protozoan 
infection,  121 

Robertson,  on  tonsillar  calculi,  ref.,  649 

Robin,  on  precipitin  test,  ref.,  182 
Robinson,  on  pulmonary  complications 

in  typhoid  fever,  ref.,  243 
Rocky  Mountain  spotted  fever,  301 
Rodet,  Lagriffoul,  and  Aly  Wahby,  on 

soluble  poisons  of  typhoid  bacillus, 
ref.,  235 

Roentgen  rays,  injury  from,  1 1 
Roger,  on  conditions  of  disease,  ref.,  14 
Roger  and  Gamier,  on  tuberculosis  of 

thyroid,  ref.,  512 
RoUeston,  on  carcinoma  of  intestine,  ref., 

690;  on  diseases  of  liver,  ref.,  725 

RoUeston  and  Crofton  Atkins,  on  pyloric 
stenosis,  ref.,  655 

RoUeston     and    Hayne,     on     congenital 
cirrhosis,  ref.,  729 

RoUy    and    Liebermeister,    on    death    of 
bacteria  in  small  intestine,  ref.,  681 

Rosenau,  on  collodium  sacs,  ref.,  319;   on 

viability  of  B.  tuberculosis,  ref.,  257 
Rosenau  and  Anderson,  on  anaphylaxis, 

ref.,  190 

Rosenber^er,  on  acid-fast  bacteria,  ref., 
267;  on  bacteriology  of  blood,  ref.,  470; 
on   tuberculosis  of  mesenteric   nodes, 

ref.,  674 
Rosenow,  on  blood  cultures  in  pneumonia, 

ref.,  606;  on  D.  pneumoniae  in  blood, 
218;  on  leucocytosis  in  pneumonia,  220; 
on  pneumococcus  serum,  219 

Ross,  on  method  of  counting  phagocytes, 
ref.,  187 

Ross  and  Milne,  on  tick  fever,  ref.,  293 
Round  worms,  127 

Rotix,  on  invisible  microbes,  ref.,  319 

Ruckert,  on  bone  in  tonsil,  ref.,  649 

Ruediger,  on  destruction  of  streptococci, 211 

Russell  bodies,  347 

Russell,  on  ovarian  cysts,  ref.,   836;  on 

preventive  inoculation  in  typhoid  fever, 
ref.,  246 

Russell  and  Fuller,  on  typhoid  bacillus 
in  water,  ref.,  245 

Russell,   Batten,  and  Collier,  on  spinal- 
cord  degeneration,  ref.,  963 

Rutimeyer,  on  Friedrich's  ataxia,  ref.,  963 
Ruzicha,  on  theory  of  vital  staining,  ref., 

1027 

Saccharomyces,  146 

Sacerdotti,  on  hypertrophy  of  kidney,  ref., 
747 

Sachs,  on  indurations  of  corpora  caver- 
nosa penis,  ref.,  854 

Sacral  region,  tumor  of,  359 
teratomata,  333 

Sago  spleen,  500 
Sailer  and  Rhein,  on  eventration  of  dia- 

phragm, ref.,  692 
Saliva,  action  of,  on  bacteria,  ref.,  150 
Salivary  glands,  699 

calculi  in  ducts  of,  700 
ducts  of,  700 

inflammation  of,  699 
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Salivary  glands,  regeneration  of,  72 
tumors  of,  700 

mixed,  700 

Salpingitis,  839 
Salvetti,  on  congenital  rickets,  ref.,  891 
Sanarelli,  on  B.  icteroides,  ref.,  302 
Sand,  intestinal,  691 

Saprophytes,  141 
Sarcina,  135 
Sarcodina,  115 
Sarcoma,  366 

adeno-,  376 
alveolar,  375 

angio-,  374 
chondro-,  376 

cysto-,  375 
fibro-,  376 

giant-celled,  372 
glio-,  370,  388 
lipo-,  376 
lympho-,  370 
melano-,  370 
mixed  forms,  375 

myelogenic,  901 
myeloid,  372 

myo-,  376 
myxo-,  376 
of  adrenals,  517 

appendix  vermiformis,  690 
arteries,  571 
bladder,  urinary,  786 
bone,  900 
brain,  977 
bronchi,  591 
dura  mater  cerebralis,  911 

spinalis,  922 
ependyma,  927 
Fallopian  tubes,  841 
heart,  556 
intestine,  690 
kidney,  776 
larynx,  585 
liver,  737 

lung,  634 

lymph-nodes,  497 
mamma,  850 

male,  867 
muscle,  875 
nerves,  979 

nose,  581 

oesophagus,  653 
ovaries,  829 

pancreas,  706 

Sarcoma  of  penis,  855 

pericardium,  522 
peritoneum,  697 

pharynx,  651 
pia  mater  cerebralis,  921 

spinalis,  923 

pleura,  641 
prostate,  866 
salivary  glands,  700 

spinal  cord,  977,  978 

spleen,  510 
testicle,  861 

thymus,  511 
thyroid,  514 
tongue,  646 
uterus,  813 

vagina,  797  . 
veins,  575 
vulva,  795 

osteo-,  373 
osteoid,  901 

parosteal,  901 
periosteal,  900 
round-celled,  369 

spindle-celled,  368 
transplantation  of,  in  mice,  356 

Sarcoptes  hominis,  132 
Sarcosporidia,  121 
Sauerbeck^  on  aggressins,  ref.,  153 
Savin  poisoning,  422 

Sayer,  on  pneumonomycosis,  ref.,  147 
Scagliosi,  on  lesions  of  myocardium  in 

diphtheria,  ref.,  283 
Scammony  poisoning,  422 
Scarlach  oil,  injections  of,  effect  of,  352 
Scarlatina,  307 

excitants  of,  307 
Scarlet  fever,  307 

Scars,  post-mortem  examination  of,  990 
Schaffer,  on  islets  of  gastric  mucosa  in 

oesophagus,  ref.,  651 
Schaiidinn,  on  entamoebahistolytica,  115; 

on  Treponema  pallidum,    119 

Schaudinn    and    Hoffmann^    on    Spiro- 
chsete  pallida,  274 

Scharlach  R  stain  for  fat,  44 
V.  Scheibner,  on  tonsils  as  portals  of  entry 

for  tubercle  bacilli,  ref.,  650 

Schilder,  on  glioma  of  adrenal,  ref.,  517 
Schizomycetes,  133 

Schlagenhaufer,    on    sarcoma    and     car- 
cinoma in  same  breast,  ref.,  850 

Schlegel,  on  actinomycosis,  ref.,  232 
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Schlesinger^  on  streptococcus  haemolysis, 
ref.,  209 

Schmidt,  on  amyloid  tumors,  ref.,  646;  on 

pathology  of  bone,  ref.,  903;  on  squa- 
mous epithelium  in  prostate,  ref.,  866 

Schmidtmann,  on  carbonic  oxide  poison- 
ing, ref.,  425 

Schmoll,  on  Stokes-Adams'  disease,  ref., 
550 

Schmorl,  on  embolism  of  chorionic  cells, 
ref.,  821 

Schnarrwyler ,  on  phlegmonous  gastritis, 
ref.,  659 

Schorr,   on   complex   tumors  of  mouth, 
ref.,  645 

Schottmuller,  on  S.  mucosus  capsulatus, 
ref.,  221 

SchriddCy  on  congenital  absence  of  ap- 

pendix, ref.,   667;  on  Giemsa's  stain, 1037 

Schridde  and  Xaegeli,  on  fixation  of  blood, 
ref.,  467 

Schxdize,  on  crypts  of  Liel)erkuhn,  ref., 
682;  on  cyst  of  stomach,  ref.,  666;  on 
degeneration  of  nervous  system,  954; 
on  lymphatic  leuksemia,  462 

Schxdze,  on  B.  tuberculosis,  ref.,  257 
SchwcUbe,  on  malformations,  ref.,  320 
Schwann,  sheath  of,  944 

Schwarz,   on   disappearance  of   bacteria 
from  blood,  ref.,  151 

Scirrhus,  411 

ScUrose  en  plaque,  971 
Sclerosis,  amyotrophic  lateral,  956 

multiple,  of  brain,  971 
spinal  cord,  973 

of  brain,  971 

coronary  arteries,  537 
spinal  cord,  957 

posterior  spinal,  957 
Scolex,  124 
Scorbutus,  437 

infantile,  437 
Scrofula  487 

Scrotum,  cysts  of,  855 
elephantiasis  of,  855 
malformations  of,  853 
teratoma  of.  855 

tumors  of,  855 
varicocele  of,  856 

Scudder,  on  tuberculosis  of  breast,  ref., 
846 

Scurvy,  437 

Sebileau,  on  orchitis,  860 
Secretions,  internal,  427 

internal,  in  acromegalia,  438 

Addison's  disease,  433 
diabetes,  435 

exophthalmic  goitre,  432 

myxcedema,  430 
Section  cutting,  1034 

Seiffert,  on  rhabdomyoma  of  heart,  ref., 556 

Selective  filtration,  86 
Seminal  vesicles,  lesions  of,  863 

tumors  of,  863 
Seller,  on  bacteria  in  healthy  bodies,  ref., 

150 
Senility,  ref.,  36,  38 
Sensibilizing  substance,  179 

Septiccemia,  152,  156,  203 
hemorrhagic,  289 

in  diphtheria,  284 

plague,  288 post-mortem  changes,  204 

Septico-pysemia,  204 
Sequestrum,  59 

of  bone,  890 
Serum,  86 

antitoxic,  164 
collection  of,  for  tests,  195 

diagnosis  of  syphilis,  278 
haemolytic,  172 
hemotoxic,  172 

hepatolytic,  174 
inactivate^,  172 

injections  of,  in  carcinoma,  356 
leucolytic,  174 

nephrolytic,  174 
neurolytic,  174 
of  exudation,  86 

pancreolytic,  174 
reactivated,  172 

spermatolytic,  174 
therapy,  191 

therapy  in  diphtheria,  164 
therapy  in  meningitis,  226 
thyreolytic,  174 

Serum-sickness,  190 

Seven-day  fever,  292 
Sex,  relation  of,  to  disease,  13 

relation  of,  to  tumor  growth,  344 
Shaw,  on  chyliform  ascites,  ref.,  692 
Sheath  of  Schwann,  944 

Sherrington,  on  elimination  of  bacteria 
in  secretions,  ref.,  151 
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Shiga,  bacillus  of,  677 
Ship  fever,  300 
Shipley    and   FearnsideSj    on    parasites, 

ref.,  123 
Shober,  on  displacements  of  colon,  ref., 

667 

Side-chain  hypothesis  of  Ehrlich,  165 
Siderosis  of  lung,  616 
Silbermann,  on  sudden  death   following 

bums,  ref.,  10 
Silber Schmidt,  on  peritonitis,  ref.,  694 

Simmons,    on    Hodgkin's    disease,    ref., 
495 

Simon,  on  blood,  ref.,  470;  on  resolution 
of  exudate  in  pneumonia,  ref.,  606 

Sinus  pocularis,  dilatation  of,  792 
Sittmann,  on  elimination  of  bacteria  bv 

kidney,  ref.,  761 
Skin,  blastomycosis  of,  146 

bronzed,  433 

in  yellow  fever,  302 
melano-sarcoma  of,  372 

pigmentation  of,   in  Addison's  dis- 
ease, 433 

protective   action   of,    against   bac- 
teria, ref.,  150 

tuberculosis  of,  267 

Slaughter,  on  Haffkine  method  in  plague, 
ref.,  289 

Sleeping  sickness,  118 
Smallpox,  303 

bacteria  in,  305 
excitant  of,  305 
immunization,  artificial,  in,  304,  ref., 

305 

protozoa  in,  305 
vaccination  in,  304 

Smegma  bacillus,  267 
Smith,  A.  H.,  on  carcinoma  of  thoracic 

duct,  ref.,  576 
Smith,   Th.,  on  adaptation  of  bacteria, 

ref.,   160;  on  bacterial    association   in 
infection,  ref.,  157;  on  bovine  tubercle 

bacillus,  260;  on  parasitism  of  B.  tuber- 
culosis, ref.,  262;   on  sarcosporidia  in 

mice,  ref.,  122;  on  transmitted  immu- 
nity, 196 

Smith  and  Kilbourne,  on  Texas  fever,  122 
Soaps,  r6le  of,  in  formation  of  fat  in  cells, 

ref.,  40 
Sobernheim,  on  anthrax,  229 
Soda  poisoning,  419 

Sodium  sulphate  in  Mailer's  fluid,  1029 

Sokoloff,    on   adeno-carcinoma   of   liver, 
ref.,  736 

Solar  plexus,  examination,  post-mortem, 

of,  1018 
Somatochromes,  943 

Soor,  644 
Specimens,    preservation    of,    in    gross, 

1038 

Spengler,    on    concurrent    infection    in 
tuberculosis,  ref.,  267 

Spermatocele,  857 
Spermolytic  serum,  174 
Spider  cells  in  glioma,  387 
Spina  bifida,  326,  929 
Spinal  apoplexy,  938 

cord,  928 
absence  of,  928 

amyelia,  928 
apoplectic  clots  in,  938 
artefacts  of,  928,  999 
arteries  of,  933 

asymmetries  of,  929 
atelomyelia,  928 
atrophy  of  muscle  of,  955 
blood-vessels,  lesions  of,  942 
circulatory  changes  in,  933 

cysts  of,  978 
degeneration  of,  942 

diffuse,  963 

neurone  in,  946 

primary,  955 
secondary,  953 

diastematomyelia,  928 

diplomyelia,  928 
distortions  of,  929 
embolism  of,  942 

examination,  post-mortem,    of, 

999,  1025 
hsemorrhage  in,  938 
haematomyelia,  939 
hsematomyelopore,  939 
heterotopia,  929 

false,  929 

hydromyelia,  929 
hydrorrhachis  externa,  ref.,  929 

interna,  929 

inflammation  of  (see  Myelitis), 

966 
injuries  of,  931 

post-mortem,  999 
lesions  of,  in  tabes,  958 
malformations  of,  928 

morphology  of,  942 
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Spinal    cord,    post-mortem    changes   in, 
999 

preservation  of,  1001 

removal,  post-mortem,  of,  999 
sclerosis  of,  971,  973 

segments  of,  1001 
spina  bifida,  929 
structure  of,  942 

syphilis  of,  975 
syringomyelia,  978 

false,  940 
thrombosis  of,  942 
tuberculosis  of,  974 
tumors  of,  977 

vascular  changes  in,  933 
vessel  walls,  lesions  of,  942 

weight  of,  1000 
nerve  roots,  anomalies  of,  929 

paralysis,  spastic,  955 
infantile,  967 

Spiremes,  65 
Spirillum,  118,  134 

cholene  asiaticsp,  247,  249 

reproduction  of,  ref.,  135 
toxic  products  of,  250 

fever,  292 
of  Finkler  and  Prior,  250 

sputigenum,  251 
tyrogenum,  251 

Spirochete,  118 
duttoni,  293 
in  tumors,  119 
obermeieri,  119,  292 

in  spleen,  511 
pallida   (see  Treponema   pallidum), 

119,274 

pertenuis,  294 
recurrentis,  292 

refringens,  275 
Spleen,  abscess  of,  504 

accessory,  499,  1014 
anaemia  of,  501 

atrophy  of,  500 

cysts  of,  510 
degeneration  of,  500 
displacements  of,  499 
embolism  of,  502 

examination,  post-mortem,  of,  1013, 
1026 

hspmorrhage  in,  500 

hyperaemia  of,  502 
hyperplasia  of,  504,  508 
hypertrophy  of,  62 

Spleen  in  infection,  ref.,  152 

leukaemia  and  pseudo-leuksemia, 
509 

malaria,  311 

relapsing  fever,  292 
infarction  of,  31  502, 

inflammation  of  (see  Splenitis)  504 
lesions  of,  in  cirrhosis  of  liver,  728 

in  typhoid  fever,  240 
malformations  of,  499 

parasites  of,  511 

pigmentation  of,  501 
preservation  of,  1014 
rupture  of,  500 

sago,  500 
size  of,  1014 

syphilis  of,  506 
thrombosis  in,  503 
tuberculosis  of,  506 
tumors  of,  510 

weight  of,  1014,  1026 
wounds  of,  500 

Splenectomy,  in  splenic  anaemia,  480 
Splenic  fever,  228 
Splenitis,  chronic  indurative,  505 

hyperplastic,  504 

peri-,  507 
suppurative,  504 

syphilitic,  507 
tuberculous,  507 

Splenomegaly,  primary,  508 

Sporangium,  147 
Spores,  in  bacteria,  136 

yeast,  146 
Sporozoa,  115,  120 
Spotted  fever,  300 

Rocky  Mountain,  301 
Sputum,  methods  of  staining,  258 
Staining  methods,  1035 

Staphylococcus  cereus,  208 
epidermis  albus,  208 

pyogenes  albus,  208 
pyogenes  aureus,  205 
salivarius  pyogenes,  208 

Starck,  on   oesophageal  diverticula,  ref., 
639 

Starling,  on  internal  secretions,  ref.,  427 
St.   Arnold,  on  bony  tumors  of  breast, 

ref.,  848 
Stasis,  19 

Status  lymphaticus,  439 
Stdiibli,  on  animal  parasites  in  blood,  ref., 

470 
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Steele^  on  sarcoma  of  peritoneum,   ref., 
698 

Stegomyia  calopus,  303 
Steinhaus,  on  liver  infarcts,  ref.,  713 

Stengel,  on  Stokes- Adams'  disease,  ref., 
550 

Stenosis  of  aorta,  552 
mitral  valve,  553 

pylorus,  654,  662 
right  heart,  553 

Stepanow,  on  celloidin  embedding,  1032 
Sterling,     Anderson,    and    Rosenan,     on 

anaphylaxis,  ref.,  190 
Stern,  on  malignant  tumors  in  childhood, 

416 

Sternberg  on  "  Bacillus  X,"  ref.,  302;  on 
blastomycosis,  ref.,  146;  on  chloroma, 

ref.,  376;  on  lesions  of  bronchial  lymph- 
nodes,  ref.,  592;  on  tuberculosis  of 

lymph-nodes,  ref.,  491 
Stiles,  on  dissemination  of  carcinoma  of 

the  breast,  ref.,  851 
Stimson,  on   preventive  inoculations   in 

hydrophobia,  ref.,  298 
Stimulins,  181 
St4)kes,  on  cysts  of  vagina,  ref.,  797 

Stokes-Adams'  disease,  549 
Stomach,  654 

absence  of,  654 
atrophy  of,  656 
bacteria  of,  ref.,  659 
cadaveric  changes  in,  655 

cysts  of,  666 
degenerations  of,  656 
dilatation  of,  662 
displacement  of,  662 
erosions,  hemorrhagic  of,  662 
etat  mamelonni,  657 

examination,  post-mortem,  of,  655, 
1003,  1015,  1026 

foreign  bodies  in. -667 
haemorrhage  in,  655,  662,  728 
hair  balls  in,  667 
inflammation  of  (see  Gastritis),  656 
injuries  of,  655 
malformations  of,  654 
malpositions  of,  654 
preservation  of,  1016 
rupture  of,  655 

syphilis  of,  659 
tuberculosis  of,  659 
tumors  of,  662 
ulcers  of,  660 

Stomatitis,  aphthous,  644 
catarrhal,  643 

chronic,  644 

croupous,  644 

gangrenous,  644 
parasitic,  644 
phlegmonous,  644 

syphilitic,  644 tuberculous,  644 
ulcerative,  644 

Stones,  lung,  592 
Stramonium  poisoning,  425 
Strangulation,  9 

death  from,  443 
Straus,  on   infantile  paralysis,  ref.,  969; 

on    tuberculosis,    268;    on   eclampsia, 
ref.,  718 

Strawberry  marks,  394 

Streptobacilli,  135 
Streptococci,  135 

anaerobic,  ref.,  210 

Streptococcus  antitoxin,  211 
brevis,  209 

conglomeratus,  209 
erysipelatis,  ref.,  212 
in  intestine,  678 

longis,  209 
mucosus  capsulatus,  221 

in  pneumonia,  221 

phagocytosis  of,  211 

pyogenes,  209 agglutination  of,  ref.,  210 
artificial  immunity  to,  211 

bibliography  of,  ref.,  211 
in  inflammation,  88 

Streptothrix,  136 
Stricture  of  appendix,  686 

rectum,  684 
urethra,  790 

Stroebe,   on   tuberculosis    of    aorta,   ref., 

567 
Strong,  on  ama^bic  dysentery,  ref.,  116; 

on  preventive  inoculations  in  Asiatic 
cholera,  ref.,  250 

Strongylus  gigas,  128 
in  kidney,  781 

longevaginatus,  128 
subtilis,  128 

Strouse,  on  pneumococcus  infections,  ref., 
219 

Struma,  513 
ovarii,  836 

Stiumitis,  512 
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V.  Strumpelj  on  primary  acute  polymyo- 
sitis, ref.,  874 

Strychnin  poisoning,  424 
Stuhlern,    on    B.    mucosus   capsulatus, 

ref.,  216 
Subinfection,  ref.,  151 
Sublimate,  corrosive,  as  fixative,  1030 

poisoning,  kidney  in,  51,  750,  753 
Sublingual  gland,  inflammation  of,  700 

tumors  of,  700 

Submaxillary  gland,  inflammation  of,  700 
Stibstance  sens^ihUisatricey  179,  183 
Sudan  III,  stain  for  fat,  44 
Suffocation,  9,  442 

Suggillations,  21 
Sulphuric  acid,  417 
Sunstroke,  436 

Suppuration,  89,  94,  198 
Suprarenal  bodies  (see  Adrenals),  515 

capsules  (see  Adrenals),  515 
Surra,  117 
Susceptibility  to  disease,  14 

Sutton,   introduction   to  general  pathol- 

ogy, 416 
Swelling,  cloudy,  39 

white,  25 

Symbiosis,  142 
Symmers,  on  necrosis  of  liver,  ref.,  715 

Syncytium,  820 
Synophthalmia,  325 
Synotia,  321 

Syphilis,  270 
and  tabes  dorsahs,  962 
animal  inoculations  in,  274 

congenital,  273 
of  bone,  888 

constitutional,  272 

diagnosis  of,  274 
dioxydiamidoarsenobenzol  in,  119 
etiology  of,  ref.,  276 
immunization  in,  276 
of  adrenals,  516 

arteries,  567 
bone,  881,  888 
brain,  975 
bronchi,  589 

dura  mater  cerebralis,  911 
endometrium,  807 
Fallopian  tubes,  840 
heart,  542 
intestine,  674 
kidney,  770 

larynx,  584 

Syphilis  of  liver,  730 
lung,  633 

lymph-nodes,  488 
lymph-vessels,  577 
mamma,  846 
mouth,  644 
muscle,  875 

nervous  system,  975 
nose,  580 

oesophagus,  653 
ovary,  829 

pancreas,  706 

penis,  854 
periosteum,  881 
pia  mater  cerebralis,  919 

placenta,  823 
rectum,  683 

spinal  cord,  975 
stomach,  659 

testicle,  860 

thymus,  511 
thyroid,  512 
urethra,  792 

vagina,  797 
veins,  575 

primary,  271 
secondary,  272 

serum  diagnosis  of,  278 

spirochetes  in,  119  274 
Spirochete  pallida  in,  119,  274 
tertiary,  272 

Treponema  pallidum  in,  274 
Wassermann  reaction,  278 

Syringomyelia,  978 
false,  940 

Tabandillo,  301 

Tabes  dorsalis,  957 
lesions  of  nerves  in,  957,  958 

syphilis,  relation  of,  962 
Taenia  cucumerina,  127 

echinococcus,  125 

flavopunctata,  127 
madagascariensis,  127 
mediocanellata,  124 
nana,  127 

saginata,  124 
solium,  124 

Talipes,  326 
Talipomanus,  326 

Tape  worms,  124 
Tartar  emetic  poisoning,  422 
Tartaric  acid,  419 
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Tattoo  marks,  990 
Tawara,  on   abnormal   chordae  tendinse, 

ref.,  525 
Tavel    and    Lam,    on    peritonitis,    ref., 

694 

Taylor,  on  auto-intoxication,  ref.,  426;  on 
fatty  degeneration,  ref.,  40;  on  poisons, 

426;  on  volvulus  of  Meckel's  diverticu- 
lum, ref.,  667 

Tchistovitch,  on  crisis  in  pneumonia,  ref., 
606 

Tendeloo,     on     retroperitoneal     lymph- 
nodes,  ref.,  697 

Teratoids,  333 
Teratoma,  ref,  345,  358 

of  liver,  737 
muscle,  875 

ovary,  836 

pineal  gland,  980 
scrotum,  855 
testicle,  863 

vagina,  797 
sacral,  333 

Terminal  infection,  158 

Terry,  on  chemical  therapy  in  trypano- 
somiasis, ref.,  118 

Testicle,  855 
abscess  of,  857 
absence  of,  855 

atrophy  of,  857 
chorionepithelioma  of,  822,  863 

cryptorchismus,  856 
cysts  of,  861,  863 
epididymitis,  858 

examination,  post-mortem,  of,  1019 
haematocele,  857 

hydrocele,  856 
hypertrophy  of,  62 
inflammation  of  (see  Orchitis),  857 
leprosy  of,  860 
malformations  of,  855 
malpositions  of,  856 
parasites  of,  863 
regeneration  of,  73 
spermatocele,  857 

syphilis  of,  860 
teratoma  of,  863 
tuberculosis  of,  858 
tumors  of,  860 
varicocele,  856 

weight  of,  1019 
Tetano-toxin,  286,  287 
Tetanus,  286 

70 

Tetanus,  antitoxin,  165 
theory  of,  165 

diagnosis  of,  287 
in  animals,  286 
lesions  of,  286 

Tetany     following     removal     of     para- 
thyroids, 514 

Tetrads,  135 
Texas  fever,  hsematozoon  of,  122 
Thacher,  on  melanuria,  372 

Thayer,  on  malarial  nephritis,  ref.,  761 ;  on 
venous   thrombosis  in  typhoid  fever, 
ref.,  243 

Thayer  and  Hewetson,  on  malaria,  ref., 316 

Thionin  stain,  1038 

Thoma,  on  arterio-sclerosis,  ref.,  554,  565; 
.  on  conditions  of  disease,  ref.,  14;  on 
fissures  in  cervical  region,  ref.,  647;  on 

hypertrophy,  ref.,   747;  on  inflamma- 
tion, ref.,  110;  on  malformations,  ref., 

320;  on  waxy  degeneration  of  muscle, 
ref.,  872 

Thoma's  frog  plates.  111 
Thomas  and  Hibbard,  on  lesions  of  myo- 

cardium in  diphtheria,  ref.,  283 

Thompson,  on  parathyroids,  ref.,  514 

Thompson  and  Leighton,  on  transplanta- 
tion of  parathyroids,  ref.,  515 

Thoracic   duct,   examination,    post-mor- 
tem, of,  1018 

lesions  of,  576 

Thoracopagus,  329 

Thorax,   examination,   post-mortem,    of, 
1001,  1024 

Thorel,  on  experimental  nephritis,   ref., 
769;  on  lesions  of  oesophagus,  ref.,  654; 
on  lesions  of  salivary  glands,  ref.,  700; 

on  lesions  of  stomach,  666;  on  regenera- 
tion of  kidney  epithelium,  ref.,  748. 

Thorndike  and  Cunningham,   on  hyper- 
nephroma, ref.,  777 

Threadworm,  128 
Thrombi,  24 

agglutinative,  26 in  liver,  715 

alterations,  in,  27 
arterial,  26 

canalized,  26 
causes  of,  24 

degeneration  of,  27 
forms  of,  24,  26 

hyaline,  27,  48 
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Trombi,  infective,  26 
marasmatic,  of  liver,  711 
marantic,  25 

micro-organisms    in    formation    of, 
ref.,  25 

mixed,  24 
obstructing,  26 

organization  of,  27,  95 

parietal,  26 
primary,  26 

propagated,  26 
red,  24 
secondary,  26 

simple,  26 
softening  of,  27 
solid,  26 

stagnation,  25 
venous,  26 

role  of  micro-organisms  in,  ref.,  25 
white,  24 

Thromboarteritis,  559 
Thrombokinase,  452 
Thrombosis,  24 

causes  of,  24,  25 
effects  of,  27 
of  adrenals,  516 

brain,  940 
coronarv  arteries,  537 
dura  mater  cerebralis,  908 

heart,  531 
kidney,  748 
liver,711,  714,  715 

lung,  596 

lymph-vessels,  28,  576 
spinal  cord,  942 
splenic  vein,  503 
veins,  573 

Thrush,  147,  644 

Thymus,  511 
accessory,  511 

examination,  post-mortem,  of,  1025 
haemorrhage  in,  511 

hypertrophy  of,  511 
inflammation  of,  511 

in  status  lymphaticus,  440 
malformations  of,  511 

new-born,  size  and  weight  of,  1025 
sy{)hilis  of,  511 
tuberculosis  of,  511 
tumors  of,  511 

Thyreolytic  serum,  174 
Thyroid.  512 

accessory,  512 

Thyroid,  degeneration  of,  512 
examination,  post-mortem,  of,  1010, 

1025 

extract  in  myxoedema,  430 

goitre,  513 
hypersemia  of,  512 

hyperplasia  of,  513 
hypertrophy  of,  62 
in  Graves'  disease,  432 
in  myxcedema,  429 
inflammation  of,  512 
malformations  of,  512 

para-,  514 parasites  in,  514 
regeneration  of,  72 

syphilis  of,  512 
tissue  in  ovary,  ref.,  836 

transplantation  of,  ref.,  78,  429 
tuberculosis  of,  512 
tumors  of,  514 

weight  of,  1011,  1025 
Tic  douloureux,  974 
Tick  fever,  293,  301 

of  cattle,  hsematozoon  of,  122 

Tidy,  on  post-mortem  examination,  ref., 
989 

Tilger,  on  cysts  of  pancreas,  ref.,  707 
Tinea  circinata,  148 

Tischner,    on    experimental    closure    of 

hepatic  artery  and  gall-ducts,  ref.,  711 
Tissue,  calcification  in,  51 

changes,  regressive,  35 
cicatricial,  93 

fixation  of,  1029 

rapid,  1028 
fresh,  method  of  staining,  1027 
frozen  section  of,  1028 

method  of  preparation  and  staining, 

980,  1027 

granulation,  92 
necrotic,  disposal  of,  59 
non-vascular,  injury  to,  82 
tension,  79 

transplantation  of,  77 
vascular,  injury  to,  83 

Tongue,  645 
absence  of,  645 

cysts  of,  646 
"furred,  '  646 

hypertrophy  of,  646 
inflammation  of,  646 
malformations  of,  645 
tumors  of,  646 
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Tonsil,  calculi  of,  ref.,  649 

hypertrophy  of,  649 
inflammation  of,  649 

leptothrix  in  crypts  of,  232 
portal  of  entry  for  tubercle  bacilli, 

ref.,  650 
tuberculosis  of,  ref.,  650 

Tonsillitis,  649 

Toothy  on  degeneration  of  spinal  cord, 
954 

Tophi,  436 
Toxemia,  153,  202 
Toxalbumins,  152 
Toxalbumose,  152 
Toxin,  binding  of,  ref.,  167 

diphtheria,  164 
fixing  of,  ref.,  167 
molecule,  character  of,  167 
of  Asiatic  cholera,  250 

diphtheria,  285 
tetano-,  286,  287    . 

Toxins,  152 
action  of,  on  neurones,  948 
bacterial,  139 
cellular,  ref.,  152 

hffimo-,  171 
Toxoids,  ref.,  167 
Toxophorous  group,  167 
Trachea,  581 

amyloid  masses  in,  586 
death  from  pressure  on,  592 

examination,  post-mortem,  of,  1011 
lesions  of,  585 
malformations  of,  581 

preservation  of,  1011 
tumors  of,  585 

Trachoma,  308 
bodies,  309 

granules,  309 
Tracy,    on   microchemical   reactions   for 

iron,  ref.,  53 

Transplantation  of  tissue,  77 
autoplastic,  78 
heteroplastic,  78 

Transudates,  23 

Transudation,  22 
Trauma,  11 
Trematoda,  123 

Trepinskij  on  tabes  dorsalis,  962 

Treponema  pallidum,  119,  274 
demonstration  of,  276 
India  ink  stain,  278 

staining  methods,  277 

Treponema,  pertenuis,  294 
Trichina  spiralis,  129 

in  lymph-nodes,  497 
muscle,  875  . 

examination  of,  131 
Trichiniasis,  130 

Trichocephalus  dispar,  129 
Trichomonas  vaginalis,  120,  797 
Trichophyton  tonsurans,  148 
Triplets,  327 

Trypanosomes,  117 
brucei,  117 

evansi,  117 

gambiense,   118 
lewisi,  117 

pathogenic,  117 
Trypanosomiasis,  117 
Tsetse-fiy  disease,  117 
Tubal  pregnancy,  841 
Tubercle,  251 

bacillus  (see  B.  tuberculosis),  251, 257 

conglomerate,  ref.,  251 
development  of,  254 
diffuse,  255 

foreign-body,  102 
forms  of,  255 

granulum,  ref.,  251 
"healed,"  622 

miUary,  251,  252,  621,  640 

polyhedral-celled,  255 
solitary,  of  liver,  733 
tissue,  ref.,  252 

Tuberculin,  diagnostic  use  of,  261 
therapeutic  use  of,  262 

Tuberculosis,  251 

agglutination  in,  261 
and  cancer,  ref.,  267 
animal,  263 

autopsy  findings  in,  ref.,  263 
bacillus  of,  251,  257 

bibliography  of,  268 
bovine,  infection  of  children  with, 

ref.,  266 

complex  factors  in,  262 
concurrent  infection  in,  266 
diffuse,  252,  255 
dust  infection  in,  265 

frequency  of,  263 
immunity  in,  262 
lesions  of,  251 

"localized,"  251 

lymphoid,  255 
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Tuberculosis,  miliary,  generalized,  252 
localized,  251 

necrosis,  coagulation  in,  254 
of  adrenals,  516 

appendix  vermiformis,  68(i 
arteries,  566 
bladder,  urinary,  786 
bone,  882,  887 
brain,  974 
bronchi,  589,  591 
dura  mater,  cerebralis,  911 

spinalis,  922 
Fallopian  tubes,  840 
heart,  542 

ileo-c»cal  region,  682 
intestine,  673 

joints,  906 
kidney,  769 

larynx,  584 
liver,  731 

lungs,  618 

experimental,  631 

lymph-nodes,  486,  265 
lymph- vessels,  577 
mamma,  845 
mouth,  644 
muscle,  875 

nervous  system,  911,  922,    923, 
974 

nose,  580 

oesophagus,  653 
ovary,  829 

pancreas,  706 

parotid,  700 
penis,  854 
pericardium,  521 
peritoneum,  695 
periosteum,  882 

pharynx,  649 
pia  mater  cerebralis,  918 

spinalis,  923 
pleura,  640 
prostate,  866 
seminal  vesicles,  863 
skin,  267 

spinal  cord,  974 
stomach,  659 
testicle,  858 

thymus,  511 
thyroid,  512 
urethra,  792 
uterus,  806 

vagina,  797 

Tuberculosis  of  veins,  575 

predisposition  in,  ref.,  252 

pulmonary,  618 
and  pigmentation,  641 

apex  in,  631 
broncho-,  624 
cavities  in,  626,  628 
classification  of,  619 

complex  forms  of,  627 
concurrent  infection  in,  631 
diffuse,  627 
distribution,  of  lesions  in,  630 

experimental,  631 
exudative,  627 

fibrous   tissue  formation  in,  630 
flies,  as  carriers  of,  ref.,  151 
focal  619 

healing  in,  630 
miliary,    acute,  619 

chronic,  622 
modes  of  infection,  in,  618,  620 

641 
secondary  lesions  in,  629 

statistics  of,  ref.,  263 

tuberculin,  261 
Tubes  of  Miescher,  121 

Rainey,  121 

Tubo-abdominal  pregnancy,  842 
Tumors,  336 

age  as  factor  in  growth  of,  344 
anaplasiain,  351 
autonomy  of,  337 
bacteria  in,  347 

benign,  342 
bibliography  of,  416 
biological  origin  of,  347,  350 
cachexia  of,  343 
cell  anarchy  in,  337 
cell  inclusions  in,  347 
characters  of,  336 
classification  of,  357 

Lubarsch's,  359 
congenital,  358 
connective-tissue  type  of,  357 
degenerative  processes  in,   339 
diagnosis  of,  343 
dissemination  of,  341 

epithelial  tissue  type,  358 

etiology  of,  344 
excitants  of,  347 

intrinsic,  350 
extensions  of,  340 
fixation  of  tissue,  362 
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Tumors,  heredity,  bearing  of,  on,  344 
immunity,  artificial,  to,  355 
local  predisponents  to,  345 
malignancy  of,  342 
malignant,  342 
metastasis  of,  341,  350 
metastatic,  341 

micro-organisms  as  excitants  of,  347 
mixed,  of  parotid  gland,  700 
muscle  tissue  type,  357 
nature  and  characters  of,  336 
occurrence  and  growth  of,  344 
origin  of,  344 

Cohnheim's  hypothesis,  346, 
351 

Ribbert's  hypothesis,  351 
parasitic,  347 

protozoa  in,  347 
seats  of  (see  under  various  tissues 

and  viscera,  and  types  of  tumors) 
serum  injections  in,   356 
sex  factor  in  growth  of,  344 
shape  of,  340 
size  of,  340 

splenic,  504 
technique  of  fixation  of,  362 
tissue  types  in,  338 
transplantation  of,  354 
trauma  as  factor  in  occurrence  of, 

345 

vascular  tissue  type,  358 

yeasts  in,  349 

Tunnicliff,  on  Vincent's  angina,  ref.,  293 
Turk^  on  "irritation  forms"  of  leucocytes 

462 ;  on  leucocytosis,  464 
Turner  J  on  sarcoma  of  pia  mater  and 

spinal    cord,    ref.,    977;    on  tumor  of 
pineal  gland,  980 

Turpentine  poisoning,  422 
Tuttle,  on  strep tothrix  pneumonia,  ref., 

232 
Twins,  327 

Typhoid  carriers,  245 
fever,  234 

bacillus  of,  235 

bibliography  of,  247 
blood  in,  463 

experimental,  235 
flies  as  carriers  of,  ref.,  151,  245 
immunity  to,  245 
lesions  of,  235 

appendix  vermiformis 
in,  685 

Typhoid    fever,    lesions    of,    circulatory 

organs  in,  242 
digestive  organs  in,  242 
geni to-urinary    organs 

in,  243 
intestines  in,  235 
liver  in,  241 

lymph-nodes,     mesen- 
teric, in,  240 

lymph-nodules  in,  235 
nervous  system  in,  243 

Peyer's  patches  in,  235 
respiratory  organs  in, 

243 

spleen  in,  240 
mixed  infections  in,  244 

para-,  247 preventive  inoculations  in,  245 
secondary  lesions  in,  242 
septicemic  forms  of,  243 
toxsemia  in,  241 

ulceration  of  intestine  in,  237 
meningitis,  ref.,  243 

Typhus  fever,  300 
Mexican,  300 

lice  as  agents   of  infection   in, 
301 

mouse,  bacillus  of,  289 
recurrens,  292 

Tyzzer,  on  Coccidium  oWforme,  ref.,  121 

Vffenheimer,  on  permeability,  of  intestine 
wall  for  bacteria,  ref.,  681 

Uhlenhuth   and    Weidanz,    on    precipitin 
tests,  ref.,  182 

Ulceration,  58 

of  intestine  in  typhoid  fever,  237 
IHcers,  58 

of  intestine,  674,  675,  681,  6S2 
mamma,  846 

mouth,  644 

cesophagus,  651 

penis,  854 stomach,  660 
urethra,  792 

phagedenic,  of  uterus,  803 
i'llmann,  on  tonsils,  ref.,  650 
Clrich,  on  lipoma  of  kidney,  ref.,  776 
Umbilicus,  tumors  of,  699 
Uncinaria  americana,  128 

duodenaHs,  128 

Uncinariasis,  129 

Unna's  glycerin-ether  mixture.  278 
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Unna's  polychrome    methylene-blue 
stain,  1037 

Urachus,  malformations  of,  782 
Ureter,  carcinoma  of,  ref.,  788 

cysts  of,  774 
inflammation  of,  771 
malformations  of,  746 

Urethra,  cysts  of,  792 
dilatation  of,  790 

examination,  post-mortem,  of,  1018 
gonorrhoea  of,  792 
hsemorrhoids  of,  792 

inflammation  of  (see  Urethritis),  791 
malformations  of,  790 
malpositions  of,  790 
perforations  of,  792 

polyps  of,  792 
prolapse  of,  791 
rupture  of,  791 
strictures  of,  790 

syphilis  of,  792 
tuberculosis  of,  792 
tumors  of,  792 
wounds  of,  791 

Urethritis,  catarrhal,  791 
chronic,  792 

croupous,  792 

syphilitic,  792 
tuberculous,  792 

Urinary  organs,  746 
Urine,  typhoid  bacilli  in,  244,  245 
Uterus,  797 

absence  of,  797 

atrophy  of,  803 
bacteria  in,  ref.,  804,  809 
bicornis,  798 

chorionepithelioma  of,  820 
chorionic  villi,  820 

cysts  of,  822 
degenerations  of,  803 
dilatation  of,  799 
displacements  of,  800 
double,  798 

elevation  of,  801 
enlargement  of,  799 

examination,  post-mortem  of,  1019, 
1026 

flexions  of,  800 
hspmatocele,  803 

hsematoma,  polypoid,  of,  803 
hfematometra,  800 

haemorrhage  of,  802 
hernia  of,  802 

Uterus,  hour-glass,  799 
hydrometra,  799 

hypersemia  of,  802 
hyperplasia  of  mucous  membrane, 

glandular,  805 
infantile,  1020 

inflammation  of   (see  Endometritis 
and  Metritis),  804,  807 

inversion  of,  802 

Langhans'  cells,  820 
malformations  of,  797 

malpositions  of,  800 

parasites  of,  822 
perforation  of,  802 
placenta,  lesions  of,  822 

polyps  of,  803,  810 
position  of,  1019 
pregnant,  inflammation  of,  808 

prolapse  of,  801 
rupture  of,  802 
size  of,  1020 

changes  in,  798 

syncytium,  820 
syphilis  of,  807 
tuberculosis  of,  806 
tumors  of,  809 

ulcer,  corroding,  of,  803 
versions  of,  800 

weight  of,  1020 

Vaccination,  304 
Vaccine  bodies,  305 
Vaccines,  bacterial,  186 

in  acute  lobar  pneumonia,  220 

pneumococcal,  220 
Vaccinia,  304 
Vacuole,  45 

Vacuolization,  45 

Vagina,  795 
absence  of,  795 

bacteria  in,  79;  ref.,  804 
closure  of,  795 

cystocele,  795 
cysts  of,  797 
dilatation  of,  795 
double,  795 

examination,  post-mortem,  of,  1019 
fistuke  of,  796 

gangrene  of,  797 
hernia  of,  795  • 
inflammation  of  (see  Vaginitis),  796 
lengthening  of,  795 
malformations  of,  795 
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Vagina,  malpositions  of,  795 
narrowing  of,  795 

parasites  in,  797 
perforation  of,  796 
prolapse  of,  795 
syphilis  of,  797 
tuberculosis  of,  797 
tumors  of,  797 
wounds  of,  796 

Vaginitis,  796 
catarrhal,  796 

gangrenous,  797 
suppurative,  797 
syphilitic,  797 
tuberculous,  797 

Valsalva,  sinus  of,  aneurism  of,  530 
Van  Gehuchien,  on  nervous  system,  ref., 

942 

Van  Gieson,  on  artefacts  of  nervous 

system,  ref.,  928;  on  death  from  electric 
currents,  ref.,  1 1 ;  on  haematomyelopore, 

ref.,  939;  on  post-mortem  examination 
of  brain,  ref.,  998;  on  sunstroke,  437 

Van  Gieson's  picro-acid-fuchsin  stain, 
1036 

stain  for  Negri  bodies,  ref.,  297 
Varices,  oesophageal,  651 
Varicocele,  856 
Variola,  303 
Varix  aneurismal,  569 

lymphatic,  filarial,  ref.,  131,  576 
Vaughany  on  alkaloidal  poisons,  ref.,  426; 

on  spread  of  typhoid,  ref.,  245 
Vaughan  and  Novy  on  cellular  toxins,  ref., 

152 
Vaughan  and  WheeleVy  on  anaphylaxis, 

191 

de  Vecchi,  on  tuberculosis  of  adrenals,  ref., 
434 

Vein  stones,  27 

Veins,  572 
anastomosis  of,  18 
calcification  of,  573 
degeneration  of,  573 
dilatation  of,  572 

about    umbilicus,    in    cirrhosis, 
728 

hepatic  lesions  of,  714 
inflammation  of  (see  Phlebitis),  573 
obstruction  of,  18 

parasites  of,  575 
perforation  of,  573 
portal  lesions  of,  711 

Veins,  rupture  of,  573 

syphilis  of,  575 
thrombosis  of,  573 
tuberculosis  of,  575 
tumors  of,  575 

umbilical,  lesions  of,  712 
varicose,  in  labia,  793 
wounds  of,  573 

Veit,  on  chorionic  cells,  ref.,  821 
Vena  cava,  thrombosis  of,  573 
Venom,  animal,  153,  424 
Ventricles  of  brain,  lesions  of,  924,  925 

tumors  of,  927 

Veratria  poisoning,  422 
Vibrio  cholerae  asiaticse,  247,  249 

Massawah,  251 
Metschnikovi,  251 

proteus,  250 
Vierordty  on  weight  of  viscera,  etc.,  ref., 

990 
Vincent,  on  angina,  ref.,  293 

Vincent's  angina,  293 
V ir chow j' on  tumors,  416 
Virus,  fixed,  295,  297 

of  hydrophobia,  295 
Viscera,  changes  in,  following  extensive 

burns,  ref.,  10 

weight  of,  ref.,  990 
VogeU  on  accessory  lung,  ref.,  593 
Volkmaimy  on  mixed  tumors  of  salivary 

glands,  ref.,  701 
Voluntary  muscle,  868 
Volvulus  of  intestine,  668 

Meckel's  diverticulum,  ref.,  667 
Von  Hibler,  on  gonococcus,  ref.,  223 
Von  Jaksch  amemia,  479 
von  Volkman,  on  endothelioma,  ref.,  380 
Vulva,  793 

condyloma  of,  794 

cysts  of,  795 
elephantiasis  of,  794 

erysipelas  of,  794 
examination,  post-mortem,  of,  1019 

gangrene  of,  794 
haemorrhage  of,  793 

hyperaemia  of,  793 
inflammation  of,  793 
malformations  of,  793 
noma  of,  794 
oedema  of,  793 

syphilis  of,  794 
tuberculosis  of,  794 
tumors  of,  794 
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Vulva,  varicose  veins  in,  793 
Vulvitis,  793 

Wachenheim,  on  pyloric  stenosis,  ref.,  655 
Wadsworth,  on  experimental  pneumonia, 

218;  ref.,  614;  on  mouth  disinfection, 
ref.,  219;  on  puerperal  infection,  ref., 
809;  on  staining  D.  pneumonia,  ref., 

218;  on  staining  encapsulated  pneumo- 
cocci,  ref.,  220 

Wagenerj  on  intestinal  tuberculosis,  ref., 
674 

Walker  J  on  renal  tuberculosis,  ref.,  770 
Waller,  law  of,  947 
Ward,  on  influence  of  parasites  on  host, 

ref.,  123;  on  thyroid  and  pregnancy, 
ref.,  512 

War  field,  on  carcinoma  of  male  breast, 

ref.,  867;  on  meningococcus  endocar- 
ditis, ref.,  545 

Warrington,  on  structural  alterations  in 
nerve  cells,  948 

Warthin,  on  accessory  adrenals,  ref.,  515; 

on  carcinoma  of  gall-ducts,  ref.,  743; 

on  emboli,  29;  on  hffimolymph-n<j(ierf, 
ref.,  497;  on  multiple  carcinoma,  ref., 

404;  on  pancreas,  ref.^  7'06 
^^^arthin  and  Cowir.^  q^  placental  and 

;  congenital  tv^oerculosis,  ref.,  265 
n^^^^^'^^'uach,  on  lesions  of  diphtheria, 

Witshbourn,  on  infective  endocarditis, 
ref.,  545 

Wasielewski,  on  vaccine  bodies,  ref.,  305 
Wassermann,  on  congenital  transmission 

of  infectious  agents,  ref.,  151 ;  on  mixed 

infections,  ref.,  157;  on  nature  of  infec- 
tion, ref.,  156;  on  serum  therapy  in 

meningitis,  ref.,  226;  reaction  in  syph- 
ilis, 278 

Waiters,  on  preparation  of  museum 
specimens,  ref.,  1038 

Watzold,  on  adenoma  of  liver,  ref.,  736 
Weaver,  on  agglutination  of  streptococci, 

ref.,  210;  on  anaphylaxis,  ref.,  190 
Weber,  on  changes  in  the  blood  ref.,  456 

Wechsberg,  on  action  of  tubercle  bacil- 
lus, ref.,  253 

Weichselbaum,  on  D.  pneumoniae,  ref., 
221 

Weichselbaum  and  Ghon,  on  meningo- 
coccus, ref.,  225 

Weidenreich,  on  fixation  of  blood,  ref., 

467;    on    lymph-nodes,    ref.,    73;    on 
Ij'mph-nodes,  ref.,  481 

Weigert,  on  immunity,  196;  on  origin  of 

tumors,  ref.,  351;  on  tumor  of  hypo- 
physis cerebri,  980;  on  tumor  of  pineal 

gland,  980 
Weigert  *s  stain  for  bacteria,  144 

stain  for  nerve  tissue,  981 

Weinberg,  on  tuberculosis  and  cancer, 

ref.,  267 
Weir,  on  duodenal  ulcers,  675 
Weiss,  on  bacteria  in  stomach,  ref.,  659; 

on  intestinal  bacteria,  ref.,  681 

Welch,  on  adaptation  in  pathological 

processes,  ref.,  110;  on  agglutinative 

thrombi,  ref.,  27;  on  B.  aerogenes  cap- 
sulatus,  289,  290;  on  bacteria  of  body 

surfaces,  ref.,  150;  on  cardiac  hyper- 
trophy, ref.,  550;  on  carcinoma  of 

stomach,  664;  on  cirrhosis  hepatic 
anthracotica,  ref.,  730;  on  fat  embolism, 

ref.,  469;  on  gastric  ulcer,  660;  on  in- 
fective thrombi,  ref .,  25;  on  immunity, 

196;  on  pulmonary  oedema,  ref.,  595; 
on  staining  D.  pneumoniae,  220;  on 
thrombosis  and  embolism,  ref.,  28; 
on  venous  thrombosis,  ref.,  573 

Weleminosky,  on  bronchial  lymph-nodes, 
ref.,  592 

Welker,  on  technique  of  opsonic  work, 

ref.,  188 

Wells,  on  autolysis,  ref.,  60;  on  calcifica- 
tion, ref.,  52;  on  chemical  pathology, 

ref.,  426;  on  fat  necrosis  of  pancreas, 

ref.,  704;  on  infarcts,  ref.,  30;  on  pro- 
teolytic enzymes,  ref.,  103 

Wells  and  Scott,  on  paratyphoid,  ref., 
247 

Werigo,  on  disposal  of  bacteria  in  blood, 
ref.,  151 

Westenhoeffer,  on  cerebro-spinal  menin- 
gitis, ref.,  225;  on  mode  of  infection 

by  B.  tuberculosis,  ref.,  264;  on 
plethora,  ref.,  455 

Wharton's  duct,  dilatation  of,  700 
Wheeler,  on  viability  of  typhoid  bacillus, 

ref.,  245 

W^hiphaniy  on  carcinoma  of  appendix 
vermiformis,  ref.,  690;  on  mediastinitis, 
ref.,  636 

Whipple,  on  intestinal  lesions  in  typhoid 
fever,  ref.,  240;  on  nodular  colitis,  ref., 
680 
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Whipple  and  Sperry.  on  chloroform  liver 
necroses,  716 

Whipworm,  129 
White,  on  blood  in  septicemia,  ref.,  205; 

on  S.  pyogenes  aureus  in  skin  lesions, 
ref.,    208;    on  toxaemia  of    pregnancy, 
ref.,  718 

"White  Jewelling."  25 
Whooping-cough.  317 
Wichmann,    on    amyloid    degeneration 

ref..  50 

Wiener,  on  melano-sarcoma  of  rectum, 
ref.,  690 

Wiesel,  on  arterio-sclerosis,  ref.,  564;  on 
lesions  of  coronary  arteries,  ref.,  537 

Wiesner,  on  lesions  of  coronary  arteries, 
ref.,  537 

Wilder,    on    sarcoma    of    bladder,    ref., 
786 

Williams,  on  B.  diphtherias,  ref.,  284;  on 
bacteriology  of  vagina,  ref.,    804;   on 
placental  infarcts,  ref.,  823;  on  plasma 

cells,  ref.,  74;  on   sarcoma  of  pericar- 
dium, ref.,  522 

Williams  and  Louden,   on    parasites   of 
scarlatina,  ref.,  307;  on  staining^ 
bodies.  296 

Willis,  circle  of,  933 

Wilms,  on  teratoma  of  ovary,  ref.,  837;  on 
teratoma  of  testicle,  ref.,  863 

Wilson,  on  cell  development,  ref.,  68;  on 
mitosis,  ref.,  67 

Wilson  and  Chowning,  on  infective  agent 
in  Rocky  Mountain  fever,  301 

Wilson  and  Kalleyer,  on  melano-sarcoma 
of  skin,  ref.,  372 

Winkler,  on  tuberculosis  in  children,  ref., 
263 

Witte,  on  perforation  of  aorta,  ref.,  557 
Wladimiroff.   on   characters   of   glanders 

bacillus,  ref..  227;  on  relapsing  fever, 
ref.,  293 

Wolbach ,  on  lesions  in  x-ray  examinations, 
ref.,   11;   on   rhabdomyoma   of   heart, 
ref.,  556 

Wolbach  and  Ernst,  on  bovine  tubercle 
bacillus,  ref.,  260 

Wolf,    on    opsonic    power    of    blood    in 
pneumonia,  220 

WolUtein,  on  agglutination  with  bacilli 

from  whooping-cough,    ref.,  317,  318; 
on  B.  influenzte,    ref.,  234;  on   tuber- 

culosis in  children,  ref.,  265 

Wood,  F.  C,  on  blood,  ref.,  470;  on  D. 

pneumoniae,    ref.,    219;    on    stain    for 

blood,  317;   on  viability  of  D.  pneu- 
moniae,   218;    on    tumors  of    salivary 

glands,  ref.,  380 
Wood,  G.  B.,  on  faucial  tonsils,  ref.,  649; 

on    tonsils    as    portals    of    entry  for 

tubercle  bacilli,    ref.,    650;  on    tuber- 
culosis of  parotid,  ref.,  700 

Woodman  and  Tidy,  on  poisons,  426 
Wool  sorters  disease,  228 

Wormley,  on  poisons,  426 
Worms,  123 

guinea,  130 
method  of  study  of,  131 

pin,  128 
round, 127 

tape,  124 
thread,  128 

whip,  129 
Wounds,  granulation   tissue   in,    signifi- 

cance of,  ref.,  152 
healing  of,  91 

post-mortem,  appearance  of,  990 
Wright  blood  stain,  468 

method  of  collecting  serum,  195 

Wri^flty^^i^  on   opsonins,  ref.,   187;  on 

preventiveTiio^ui«t!WB4ijtyphoid  fever, 

ref.,  24  6  ^^*^ Wright,J.  H.,  on  absorption  in  tonM^^ef., 
649;  on  actinomyces-like  struct 
tonsillar  crypts,  ref.,  649;  on  biology 
actinomyces,  ref.,  232;  on  blood  plates, 
466;   on    Madura    foot,   ref.,  232;    on 

multiple  myeloma,  ref.,  902;  on  nasal 

polyps,  ref.,  580 
Wright  and  Douglas,  on  opsonins,  183 
Writer's  cramp,  950 
Wrzosek,  on  infection,  ref.,  151 

Xerosis  bacillus,  285 

Xiphopagus,  329 
X-rays,  lesions  from,  11 

Yaws,  293 
Yeasts,  133,  146 

in  fermentation,  146 

tumors,  349 
methods  of  study  of,  149 

Yellow  fever,  302 
excitant  of,  302 
lesions  of,  302 

mode  of  infection  in,  302 
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Yellow  fever,  mosquitoes  and,  303 

Yersin's  anti-plague  serum,  289 
Young f  on  gonorrhoea,  ref .,  221 ;  on  nerves 

in  tumors,  ref.,  338 

Zahn,  on  ciliated  cysts  of  pleura,  ref.,  642; 

on  cysts,  ref.,  361 ;  on  statistics  of  intes- 
tinal tuberculosis,  ref.,  674;  on  stenosis 

of  oesophagus,  ref.,  652;  on  tumors  of 
mediastinum,  ref.,  636 

Zenker's  degeneration  of  muscle,  ref.,  872 
fluid,  1030 

Ziegler,  on  lesions  of  bones  and  joints, 
ref.,  907;  on  tumors,  416 

Zinsser,  on  leucocyte  extract,  ref.,  189 
Zoogloea,  ref.,  135 
ZubeTj  on   bronchial  lymph-nodes,   ref., 

592 
ZuntZy   Ldwyy    MuUer,    and  Caspari,  on 

polycythfiemia,  ref.,  455 
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